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PREFACE

About two years ago the League published a book of which
Professor Gottfried von HABERLER, now of Harvard University,
was the author, under the title " Prosperity and Depression ”.
The purpose of this book was to examine existing theories concern-
ing the nature of what is currently termed the trade cycle, with
a view to ascertaining what they had in common, the points at
which differences of opinion arose and, in so far as possible, the
causes of those differences. Its publication constituted the com-
pletion of the first stage of an enquiry into the nature and causes
of the trade cycle that had been begun some years earlier. The
second stage, as explained in the preface to Professor von Haberler's
“"book, was to consist of an attempt “to confront these various
theories with the historical facts—to subject them, in so far as
those facts can be quantitatively expressed, to statistical analysis ”,
and, in so far as they cannot be so expressed, to compare them
with the recounted records of the past.

The present volume, entitled “ Statistical Testing of Business-
cycle Theories—A Method, and its Application to Investment
Activity ”, is the first instalment of a brief series of pamphlets
which it is proposed to issue in execution of one of the tasks involved
by the second stage of the enquiry. It has been prepared by
Professor J. TINBERGEN, who has been seconded for this purpose
from the Central Statistical Bureau of the Netherlands. The
primary object of this volume is to explain the statistical method
which—subject to any suggestions that may be received—it is
proposed to employ. With a view to illustrating this method—
known as multiple correlation analysis—three examples of its
application to economic phenomena have been given; these
examples relate to fluctuations in total investment, residential
building and net investment in railway rolling-stock.
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The results obtained in the elaboration of these examples will,
it is believed, prove of interest to students of the business cycle;
but those results are in fact only incidental to the primary objects
of this publication, which are, as I have stated, to explain the
system of statistical analysis employed and, it is hoped, to arouse
discussion concerning it that may prove of value to those in charge
of the enquiry.

The manuscript of this volume has already been sent to a number
of statisticians in different countries for comment, and twb meetings
of economists and statisticians have been held at which the assump-
tions made and methods adopted have been discussed. Thanks
are due to all those who have helped by their criticisms and
suggestions, and especially to Professor D. H. RosErTson, who
has ungrudgingly put his time at the disposal of the League
for the purpose of consultation with Professor TINBERGEN on
the economic issues involved.

This introductory volume on method will be followed shortly by
the first of the proposed analytical studies, which will be devoted
to post-war business cycles in the United States of America. It is
hoped that, before that study is completed, further comments and
suggestions concerning the method here explained may be received
either through Press reviews or directly from those who are inter- -
ested and competent in this primary problem of methodology.

A. Lovepay,

Director of the Financial Section and
Economic Intelligence Service.

Geneva, January 1939,
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CHAPTER 1

INTRODUCTION

§ 1. Purrosk ofF THE StubY

The purpose of this series of studies is to submit to statistical test
some of the theories which have been put forward regarding the char-
acter and causes of cyclical fluctuation in business activity. Many
of these theories, however, do not exist in a form immediately appro-
priate for statistical testing while most of them take account
of the same body of economic phenomena—viz., the behavioyr
of investment, consumption, incomes, prices, etc. Accordingly,
the method of procedure here adopted is, not to test the various
theories one by one (a course which would involve much repetition),
but to examine in succession, in the light of the various explana-
tions which have been offered, the relation between certain groups
of economic phenomena.

The enquiry is, by 1ts nature, restricted to the examination of
measurable phenomena. Non-measurable phenomena may, of
course, at times exercise an important influence on the course of
events; and the results of the present analysis must be supplemented
by such information about the extent of that influence as can be
obtained from other sources.

§ 2. METHOD EMPLOYED

The method of study here employed, sometimes described as
“ econometric business cycle research,” is a synthesis of statistical
business cycle research and gquantitative economic theory. A little
may be said about each of these two elements.
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(1) In the early phases of statistical business cycle research,
attention was paid to somewhat superficial phenomena, such as
the length of cycles, the degree of simple correlation between series
and the relative amplitudes of their movements, the decomposition
of series into trend, seasonal components, etc. Certainly all this
work had its value, especially for the negative evidence it afforded
on the validity of certain theories. For the purpose of applying
more searching tests, however, it is necessary to dig deeper. An
apparently simple relation, such as that between prices and pro-
duction, is often not a direct causal relation at all, but a more
or less complicated chain of many such relations. It is the object -
of analysis to identify and to test these direct causal relations:
production, for instance, may be regarded as determined by the
volume of orders; the volume of orders by the income of
consumers and by prices; income by employment, wage rates and
80 on. ' :

The part which the statistician can play in this process of analysis
must not be misunderstood. The theories which he submits to
examination are handed over to him by the economist, and with
the economist the responsibility for them must remain; for no
statistical test can prove a theory to be correct. It can, indeed,
prove that theory to be incorrect, or at least incomplete, by showing
that it does not cover a particular set of facts: but, even if one
theory appears to be in accordance with the facts, it is still possible
that there is another theory, also in accordance with the facts,
which 18 the “ true ” one, as may be shown by new facts or further
theoretical investigations. Thus the sense in which the statistician
can provide “ verification ” of a theory is a limited one.

On the other hand, the role of the statistician is not confined
to “ verification ”, As the above example illustrates, the direct
causal relations of which we are in search are generally relations,
not between two series only—one cause and one effect—but
between one dependent series and several causes. And what we
want to discover is, not merely what causes are operative, but also
with what strength each of them operates: otherwise it is impossible
to find out the nature of the combined effect of causes working
in opposite directions. On this problem—the problem of
“ measurement ”, as it may be called—the statistician can



throw light by the use of the method called multiple correlation
analysis. The details of this method are dezcribed in non-technical
language in ~Chapter II, and in mathematical language in
Appendix Al ' '
 (2) Economic theory, to be capable of statistical test, must be °
expressed in quantitative—i.e., in mathematical—form. What has
usually been known, however, as mathematical economics deals
chiefly with the conditions of an equilibrium which tends to be
established in the long run, but is certainly not realised in the course
of cyclical fluctuations. To be useful, therefore, for business cycle
research, economic theory needs to be made “ dynamic ”. A “ dy-
namic ” theory, in the sense which is here attached to that ambi-
guous word, is one which deals with the short-term reactions of
one variate upon others, but without neglecting the lapse of time
between cause and effect. The equations in which it is expressed
thus relate to non-simultaneous events, and take a form which
Swedish economists have described as “ sequence analysis ”.
Take, for instance, the static concept of the functional relation
between price and quantity supplied.? To convert this into a
“ reaction relation ” or “ direct causal relation ” three things must
be done. First, the relation must be exhibited in terms of cause
and effect. Secondly, any time difference (lag) found to exist
between change in price and change in quantity supplied should
be mentioned explicitly—though in some cases, if the lag is very
short (i.e., if adaptation is almost instantaneous), it may legitimately
be ignored. Thirdly, if quantity supplied varies to an important
degree through causes other than changes in price (for instance,
through changes in cost or in productive capacity), the influence
of these other causes must be shown, and not left concealed in a
ceteris paribus clause; though here again minor causes — l.e.,
those whose combined effects are small — may legitimately be

1 It is only in recent years that this method, developed especially by
Mr. G. Udny Yule, and long known to mathematical statisticians, has been
systematically applied in economic research, though some scattered applica-
fions to economic problems were made as long ago as 1906.

* This instance is taken for the sake of illustration only. In the study
of cyclical fluctuations other * reaction relations ”, such as those determining
the movements in total outlay on investment or on consumption, appear to
be of greater importance.
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ignored, the formulation being confined to exhibiting the influence
of major causes only. The necessary additions to static theory
have, as a matter of fact, sometimes been found as a result of
statistical research; in that sense, the statistician may supply
theoretical suggestions to the economist.

Thus we find that the correlation analysis suggested by statistical
technique and the sequence analysis dictated by “ dynamicised ”
economic theory converge and are synthesised in the method
employed in this study—the method, namely, of econometric
business cycle research. '

§ 3. MAcRro-EcoNOMIC APPROACH

There 1s one further feature of the method here employed which
calls for remark. Economic analysis may be applied to the
behaviour of individual persons or firms; cr to the behaviour of
“ industries ¥, defined in some more or less arbitrary manner;
or, again, to the behaviour of whole groups of industries, such as
those producing consumption and investment goods respectively,
and of whole categories of economic persons, such as those engaged
in the credit market, or the labour market, as a whole. It is this
last type of economic approach (sometimes spoken of as the
“ macro-economic ” approach) which will be employed in this
study. For it is this type of approach which seems most relevant
to cyclical fluctuation, and which alone makes it possible to limit
the number of variates considered to a figure which permits of
their being effectively handled. It goes without saying that,
in this approach, the coeflicients found do not give any indications
of the behaviour of individual entrepreneurs, consumers, etc.,
but only of the average reactions of many individuals.
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CHAPTER 11

ELEMENTARY OUTLINE OF THE METHOD
OF CORRELATION ANALYSIS

§ 4. SiMPLE CORRELATION

As has been pointed out in the previous chapter, the object of
correlation analysis is twofold: (1) to test whether some expected
relation between two or more variates exists (verification) and,
(2) if so, to find the strength of the influences exerted by each causal
'phenomenon {measurement). The exact meaning of these terms
and the consecutive steps in the analysis will now be discussed.
It seems useful to begin with simple correlation.

Simple correlation is expected to exist if the

Simple  fluctuations in any series Y are supposed to be caused
correlation. (or chiefly caused) by the fluctuations in only one
other series X. The simplest type of analysis that

can be made in this case is to draw a scatter diagram. In such a

Graph II. 1. ' Greph 11. 2.
ScATTER DIAGRAM. PerFECT CORRELATION.
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diagram (cf. Graph 1I. 1) each point, such as P, is so situated that,
with a given scale, the length of its two “ co-ordinates ¥ Xy and Yy
are equal to corresponding values of X and Y. The collection of
points obtained (“the scatter ”) may or may not lie approximately
on one simple curve.

The extreme case of perfect correlation presents

Perfect  itself when all points lie exactly on one curve

correlation. {(Graph II.2). In that case, the values of Y are

exactly determined by those of the corresponding X’s.

X and Y are said to show a “ functional relationship ”, and Y is

a function of X, or X a function of Y. In other words, there is

complete or perfect correlation between X and Y. Knowledge
as to which is the cause can come only from outside. '

The curve may or may not be a straight line. Ifit
Perfect linear 13, the function or correlation is said to be linear;
correlation if not, it is called curvilinear. Linear relationship
and perfect between X and Y does not necessarily mean propor-
curvilinear tionality; this occurs only if the straight line passes
correlation. through the “ origin ” of the system of co-ordinates
(i.e., the point with co-ordinates 'zero-zero). A
still more special case is that of equality between X and Y:
then the line has to pass not only through (0,0) but also through

" every other point (a, a) with equal co-ordinates (Graph II. 3).

Graph I1, 3.

Tyees o¥ LiNnear CORRELATION.

Y A :
C
7 a A: Linearity.
L p— B B: Proportionality.
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The curve through the points is called the regression

Regression curve. If it 18 a straight line, its slope is termed the

curves and regression slope and may be measured by a “ regression

coefficients. coeffictent ”: this coefficient indicates the increase

in Y which corresponds to a unit increase in X. In

the table below, which indicates corresponding values for X and Y,

arranged in ascending order, a unit increase in X clearly corresponds

to an increase of 2 in Y. The regression coefficient is therefore 2.

The relation between X and Y may also be described by the
formula Y = 10 4 2 X.

X Y
10 30 .
11 32
12 34
13 36
14 38
15 40

“ Corresponding values” of X and Y will often

Lags. be values for the same period. In some cases,

however, the relation is between values of X and

later values of Y. The time difference between corresponding

values of X and Y is called the lag; Y lags behind X or X leads Y.

It will be clear that if X is cause and Y eflect, then X will Jead Y.

This fact may sometimes be used in order to find out which of
two series 18 cause, which effect.?

The provisional determination of lags is best done with the help
of an historical graph, showing the development in time of both
series. |

An example is to be found in Graph I1.4, where two series have
been drawn representing:

(A) Total volume of non-farm residential building in the United
States, 1920-1935.

1 One has, however, to be careful: it may happen, e.g., that X leads Y,
so that it would seem as if X were cause, Y eflect. At the same time,
however, Y (the rate of increase in Y) may lead X, and therefore Y may
equally well be cause of X. Finally, it is possible that both causal connections

exist: Y; determining Xi+1 and Xt+1 determining Yi+2.
2
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(B) Total stock of houses, United States, deviations from
trend (inverted).!

' It is at once clear that there is

Graph I1. 4. a lag of about three years and

ExanrLe oF Lae. a-half between A and B.. An

immediate comparison of A with

B’, where any value B’ equals

the value of B three years and

a-half earlier, confirms the exis-
tence of this lag.

As a rule, the
Imperfect scatter will not show
correlation. perfect organisation.
There may, however,
still be a tendency for the points
. to group along a curve: then
imperfect correlation is said to
exist. That curve will now
no longer be exactly determined.
Various choices as to its type
are possible, some of which will
o Lo 1 ™) be discussed later. Once a choice
1920 1925 1930 321 has been made, the deviations
between the actual points and the curve may be measured. Here
also several methods of measurement may be chosen; but, after
this second choice has been made, a measure for the degree of
organisation can be given.

The usual measure taken in the case of a general

Correlation curve i8 the correlation index, which in the case of a
index; straight line is reduced to a simpler measure called
correlation correlation coefficient. Both expressions have the pro-
coefficient. perty of being always less than or equal to unity;
and they reach unity only if there is perfect correlation

between the two variates (in the case of the correlation coefficient,

1 The trend of a series is a series indicating its general tendency. Details
as to calculation of trend will be found in Appendix A.
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if there is perfect linear correlation). Conversely, if they are equal
to unity, there is perfect correlation (in the case of the correlation
coefficient, perfect linear correlation).

The notions of regression curve and regression

Regression coeflicient, introduced above for the case of perfect

curves and correlation, are also used in cases of imperfect

coefficients. correlation; but they now depend on certain
choices.

First, the type of curve has to be chosen. Usually a straight
line is first tried. Secondly, a method of measuring deviations of
the points from that line has to be devised. They may be measured
in the direction of the Y-axis, in the direction of the X-axis or
in other ways.

Graph II. 5 illustrates the procedure. The points representing
the given observations are indicated by P,, P,, etc. As a regression
curve, the line AB has been
chosen. The deviations of P, P,,
etc.,, from AB, measured in the
direction of the Y-axis, are indi-
cated by P,Q,, P,Q,, etc. Those Y 8
measured in the direction of the
X-axis are indicated by P,R,,
P,R,, etc.

The third step is to adopt
some method for determining the %
curve in such a way that the devi-
ations just defined will be as small
as possible. Usually the “ method ——
of least squares ” is taken: the &/
sum of the squares of the deviations is made a minimum. In other
words, that line is chosen as a regression line which shows the
minimum sum of squares.

If deviations are measured in the Y direction—i.e., in the
direction of the dependent variate—the line obtained is called
the firs elementary regression line. 1f deviations are measured in
the X direction, the second elementary regression line is obtained.
Each of the regression lines will be characterised by a regression
slope and a regression coefficient.

Graph I1. 5.

MEgASUREMENT OF DEVIATIONS
FROM A REGREsSsIoN LiNE.

L Y
'
]
|
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~ In the case of perfect linear correlation, these two regression
lines coincide, and no trouble arises as regards the choice indicated.
When the correlation is not perfect, the difference between the
two regression coeflicients gives an idea of the degree of organisation
of the scatter. - :

All that has been said applies as well to series z, y, etc., indicating.
the deviations which X, Y, etc., show from their average value X,
Y, etc. over the period studied.

The correlation coefficient and the regression coefficients enable the
two objects of the analysis to be substantially attained. The correla-
tion coefficient tells whether or not the assumed relation between X
and Y is exact, and therefore gives an answer to the verification prob-
lem. The regression coeflicients indicate about how large a change in
Y corresponds to a given changein X, and therefore answer the ques-
~ tion of measurement. A first rough test of the economic significance
of the coefficients is afforded by their signs, which may or may not
be such as economic theory would lead one to expect.

Graph II. 6 gives the scatter diagram between X,

Ezample. “ value added ” per ton of pig-iron, and Y, pig-iron

' production for Germany, 1881-1911. Value added
per ton, which equals price minus raw-material cost, has been taken
Graph I1. 6. in order to eliminate the effect

of the most important changes in
production cost. Production has
been measured in a somewhat
unusual way, in order to elimi-
nate influences of growth in pro-
ductive capacity—viz., as the
percentage deviation from trend.
The relation is in its essence a sup-
ply relation, in which disturbing
influences of cost and capacity
changes have been eliminated by
one of several possible methods.
X The scatter is moderately organ-
#% ised, and the only indication
of curvilinearity is in the single point to the right, corresponding
to the boom year 1900. Leaving aside this point, two elementary

ExampLE oF ScaTreR DIAGRANM,
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linear regressions have been calculated and the corresponding lines
drawn. The first elementary regression formula runs:

x Y-Y=0M1(X-X)

in which X is the average value of all X's (except that for 1900)
and Y is the average value of all Y’s (except 1900). The meaning
of the regression equation is that an increase of one point in X
causes an increase of 0.71 points in Y. The second elementary
regression would yield the figure 1.37 instead of 0.71 and shows that
a rather high degree of uncertainty prevails here. The economic
significance of these figures is closely connected with the elasticity
of supply. In fact, it follows from the above definitions that an
increase in prices by one unit, raw-material cost being supposed
equal, would cause an increase in production of about 0.719, (the
trend value of production being used as a basis). As the average price
for the period was 59.7 Marks per ton, it may easily be deduced that
the elasticity of supply was then 0.42. If the second elementary
regression had been used, a figure of 0.82 would have been obtained.

A first rough test of the economic trustworthiness of this figure
is to see whether it has the right sign—i.e., whether positive price
changes are connected with positive changes in supply.

§ 5. MuLtipLE CORRELATION

As has already been said, in by far the greatest num-

~ Multiple ber of cases of eco- Graph II. 7.
correlation. nomic importance, Perrect MuLTIPLE CORRELATION,
more than one cause X ]
is ordinarily assumed to have i\ {
acted. Fluctuations in a series z; J 1 B
will have to be explained by / [ VA
the fluctuations in a number Xy '
v , . S| - ]
of other (“ explanatory ") series ~ N
Ty, 2, etc. To begin with, . 5
the nature of this problem may N
best be illustrated by an his- r
torical graph of all the series

mvolved (¢f. Graph I1.7). For 1 2
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the sake of simplicity, we may again start with a case of perfect
linear relationship. ot

The problem then is to find the figures b,, b, etc.,
Perfect by which the series r,, ;, etc., have to be multiplied
linear  in order that the sum b,z, + byr; + ..., calculated for
multiple each time-point, may equal the corresponding figure
correlation. for z,. In the theoretical example of Graph II.7,
these numbers are 2 and 5. In fact, 2z, + 5z, gives
exactly z, for each observation. The graph shows some elementary
features which are important for the carrying-out of the analysis
and may therefore be stated. The decline in year 5 is caused
entirely by series x,, xy showing no decline at all in that year. On
the other hand, the rise in year 8 can only be explained by xz,, as z,
does not rise in that year. These two examples clearly show that
only a combination of z, and z3 can give the right result. Moreover,
it i1s the combination with ecoefficients 2 and 5 which gives
the best result, as is seen very clearly in year 3, where only
that combination will produce the absence of change in z,.
These elementary remarks are intended to demonstrate that
considerations of this kind may be helpful in the study of ac-
tual relationships, since they may show, after a mere visual in-
spection of the statistical material, whether or not success is to be
expected.
Asin the case of simple correlation, the coefficients 2
Hegression and 5 in the above example are called regression
coefficients. coeflicients. As before, the regression coeflicient
indicates the increase (or decrease) in z, caused
by a unit increase of z, or z, respectively; and, as before, a
first rough test can be applied to this conclusion by enquiring

whether the coeflicient has the sign which economic theory would
lead one to expect,

In the expression 2x, -+ 5x,, the term 2z, (in general

Influence b,z,) may be called “the influence of x,” and 5z,
of x;.  “the influence of z,”. In using these terms, one
must, however, bear in mind that this expression is

justified only so far as the economic theory which has prompted the
calculatipn i8 accepted as valid. The special value of such a term
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in year ¢t may be called “the influence exerted in that year ”;
whereas the strength of that influence in a given period may be
characterised by, e.g., the standard deviation of the term—i.e.,
20,,, etc. All these expressions are independent of the units in
which z, or z, etc., is measured.

In multiple correlation analysis, the scatter diagram
Partial  may still be used, but with a somewhat different
scatter  function. Plotting three or more variales in a plane
diagrams. is not easy; but, instead, two or more partial scatter
diagrams may be considered. The first uses as co-
ordinates x, and z, — 5z (in general, x; — byx;): i.e., z; “ minus
the influence of x5 ”, or “ corrected for changes in 2y ”. The dia-
gram so obtained illustrates the relation between z, and z, ” other
things being equal ” or, more exactly, “ other relevant things being
equal . A second diagram may be constructed comparing z,
and z, — 2z, (in general, x, — b,1,).

The same technique ! can be usefully employed
Imperfect in cases where no figures b,, b;, etc., can be found
multiple which make b,ry + bgzy + ... exactly equal to =z,,
correlation. for each time-point. This, in fact, 18 generally the
case as long as the number r of series considered
is smaller than the number N of time-points.2 We must be satisfied
if certain values for b,, b;, ... give a fairly good fit. As in the case
of only two variates, such coeflicients b,, b,;, ... can be calculated
after choosing the way in which deviations are to be measured
and minimised. Again, b,, by are called regression coeflicients, and
the expression

‘.’I:: - bzxz + bﬁa + v

is called the regression equation of z, on z,, z;, etc.; z, is often called
the calculated or theoretical value of z,. The differences z, — |
for each point of time are called residuals. If the line of best:
fit is chosen 80 as to make the sum of the squares of these residuals

! An example of this technique is found in Graphs III. 9-1IL. 11.

 If n equals N, then values b, b,, etc., can always be found, as the number
of unknowns b,, b,, etc., equals the number of relations which must be
fuifilled.
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as small as possible (i.e., by application of the principle of least
squares to the residuals), it is called the first elementary regression.
The corresponding values for by, by, etc., will be written as

612! blS! b

The deviations might, however, have been measured in other
directions—e.g., in that of x,, by trying to find an expression x, =
by Ty + byyTy + ... which shows a minimal sum of the squares of
zy — «,. This is the second elementary regression. Of course,
there are n such elementary regressions. In the calculations
discussed in later chapters, the first elementary regression will
generally be used; but information as to the other regressions will’
also be included.

The total correlation coefficient R between z, and z, can be used
as a measure of the degree of accordance between z, and z., and
therefore, to some extent, as a measure of the success obtained.

The technique of partial scatter diagrams is again helpful to show
whether or not the correlation obtained 1s satisfactory.

: Partial scatter diagrams are especially helpful mn
Multiple order to test whether or not the assumption that
curvilinear the relation between z, and x,, 2, ... is linear, fits the
“eorrelation. facts.! If the partial scatters show curvilinearity,
this assumption is no longer valid. Two ways are

open for further attempts. First, more complicated algebraic
formula can be tried and treated in a similar way to the linear ones;
secondly, graphic methods can be used. These, however, can only
start with a scatter between z, and one other variate (say, z,),
it being difficult to plot three or more variates in one chart. This
scatter may show a tendency to a curvilinear relation, which may
be drawn as a freehand curve through the cloud of dots. Let its
ordinates (¢f. Graph IL. 8) be called :c: = @ (z,). Then for each point
the difference between z, and the value z, corresponding to its
may be calculated, and this difference may be plotted again as z,.
If a close correlation—perhaps also curvilinear—is found, the
curvilinear explanation may be more aceeptable than the rectilinear
one. Many alternatives are possible; to give details regarding them

! Graphs 111. 9-I11. 11 provide some examples.
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and regarding the refinements of the method would, however,

lead us too far.

Graph I1. 8,
GRraprHIC ANALYSIS OF CURVILINEAR CORRELATION,
®
PX)e Xy
o
T . . XX, T
/" r3 '

2D~ 8109

As a rule, curvilinear relations are considered in the following
studies only in so far as strong evidence exists. A rough way of in-
troducing the most important features of curvilinear relations is to
use changing coeflicients—for mnstance, one system of coeflicients
for the description of situations not far above normal and another
for the description of extremely high levels. This amounts to ap-

proximating a curve by means of
two straight lines (cf. Graph I1. 9).
Another way of introducing
curvilinear relations is to take
squares of variates, or still other
~ functions, among the * explana-
tory series ”,

Lags may also be introduced in
multiple correlation analysis. The
best lag, however, can no longer
be determined by mere examina-
tion of historical graphs, since it
depends on the relative influence

Graph 11. 8,

APPROXIMATION
OF A CURVILINEAR REerLaTiow
BY Two REcCTILINEAR ONES,

AN

of the various explanatory fac- °*
tors, and this relative influence varies in turn with the lag chosen.
In principle, all possible lags must be tried and the regression
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coeflicients calculated on each assumption. In practice, simpli-
fications of procedure are possible if, for instance, one series only is
of major influence and the others are secondary.

As a rule, the results of multiple correlation

Graphie calculations will be represented as in Graph II. 10.
FEPrESEnia- ¢ the top, the actual series to be “ explained ” is
tion chosen.

indicated by dots, and on the same scale the theo-
retical values are indicated by a continuous line. Below the two
lines, the various composing series b,z,, b,z,, etc., are drawn.

.
.

Graph I1. 10,

) /\/"\A /'./ ‘
g L d GraPHIC REPRESENTATION
M oF A CORRELATION CALCULATION.
* “ExpLANATION ” OoF JRON AND STEEL
CONSUMPTION.
C Unitep Kincpom 1920-1936,

A = Actual iron and steel consumption.

B Calculated iron and steel consumption.
C= Inﬂuénce of profits one year before.

D = Influence of interest rate ¥;-year before.
E

F

G

= Influence of price of iron ¥%-year before.
= Influence of time,

= I ie., A-B,
1920 1925 1930 1935 Residuals, i.e., A-B

The ordinates of these lines are proportional to—not equal to—z,,
5 (and even proportional only in cases of linear formul®). They
represent what have been called “ the influence of z, ”, “ the influ-
ence of zy ”, etc. The advantages of this procedure are, first, that the
scale of these series is comparable with that of the first series, and sec-
ondly, that it can be seen at once which of the series are important
(a) in general or (b) for the explanation of any particular feature.

For example, Graph II. 10 is the result of a calcula-

Ezample. tion aiming at “explaining” the fluctuations in
iron and steel consumption in the United Kingdom

1920-1936; the explanatory series are profits of all industries one
year before, bond yield and iron price half-a-year before, and time.
The regression equation found is '

z, = 147z, — 0.08x; — 0.24r, + 2.39z
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where x, represents the calculated physical volume of iron and steel
consumption in percentage deviations from average;

z,, profits, all industries, percentage deviations from average;

zy bond yield, deviations from average in hundredths of 19;;
z, iron prices, percentage deviations from average;

z; time, years.

Obviously, this relation may be interpreted as a demand relation
for iron where the series x,, x, and z; have been taken as the other
chief causes for changes in demand, and where a lag of one year for x,
and of half-a-year for z; and x, has been assumed to exist. The
movements of the three series z,, 3 and z; are responsible for the
shifts in the démand curve during the period under review. The
partial scatter diagram between r, — 1.17x, + 0.08ry — 2.39z,
and z, would give the usual representation of the demand curve,
shifts having been eliminated. As both r;, and z, have been
measured in percentage deviations from average, it will readily
be seen that the elasticity of demand for iron would amount to
— 0.24 for prices and quantities near to their average values.
Economically, the negative signs of the coefficients of r; and
x, are as they should be. In addition, it may be mentioned that
the “influence ” of x; and z; is only small.

§ 6. STATISTICAL SIGNIFICANCE OF RESULTS

The reliability of results may be judged by statis-
Reliability tical as well as economic criteria. In general, the
of results. figures used are not exact. They are often derived
from samples, or otherwise more or less inadequate for
the problem under consideration. In addition, a number of minor
explanatory causes are omitted; this seems to be the chief reason
why observed and calculated values of z; in general do not coincide,
and this lack of coincidence is responsible for a certain ambiguity
in the results obtained. The question arises whether limits may be
indicated for this uncertainty. As nothing is known about the
factors omitted, it can be answered only if certain additional
hypotheses are made.



Various methods of statistical testing have been worked out, using
different hypotheses and leading, therefore, to different results.
Some account of these methods will now be given. The non-
mathematical reader should be warned that their comprehension
will make somewhat greater demands on his attention than has the
foregoing exposition of the method of multiple correlation analysis
itself; and he may perhaps prefer to take the remainder of this
chapter, together with Appendix A, on trust.

The classical method goes back to LarLace and Gauss.
The classical It will be considered here in the final form that has been
method. given to it by Professor R. A. Fisuer.l According to this
method, it is assumed that the unexplained parts—the
residuals—are due to the circumstance that the * explained ” variate, though
essentially a linear function of the “ explanatory " variates, contains an
additional component representing the influence of neglected explanatory
variates and may, moreover, be subject to errors of measurement. This
so-called “ erratic component ™ or “ disturbance  in the explained variate not
only gives rise to unexplained residuals, but also causes the regression coefli-
cients calculated from the observations to differ from the coefficients of the
true relation connecting the variates. The probable average magnitudes of
these differences are derived from the assumption that the disturbances
in subsequent time intervals are to be considered as “random drawings”
from the “ universe ” of all possible values of these disturbances. In that
“ universe ” there will be larger and smaller values of these disturbances,
and these values are assumed to be normally distributed. This normal dis-
tribution means that the number of cases present in each class of magnitude
will be determined by the so-called Gaussian law. In ordinary speech, small
disturbances will be numerous and large disturbances will be few, their
frequency obeying a simple law. The square root of the mean value of
the squares of these disturbances is called their standard deviation, and is
denoted by e.

On certain further assumptions of a rather technical nature, it becomes
possible to calculate what results with respect to the regression coeflicients
would have been obtained if another sample of disturbances had—by accident,
so0 to say—been drawn. By comparing all possible results, one may say
within what limits the results of the great majority of the possible cases will
lie. These limits depend again on the choice one makes as to the * majority .
Often 999 or 959, is taken. If b, is one of the regression coeflicients calculated,
and oy, the so-called standard error of by, about 959, of the cases lie between

1 (1. Statistical Methods for Research Workers, London and Edinburgh, 1936;
“ The goodness of fit of regression formule and the distribution of regression

coefficients ”, Journ. Roy. Stat. Soc., 85, 1922, p. 597; applications of
* Student’s ” distribution, Metron, B, 3, 1926, p. 3.
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by + 2ap, and b; — 20}, ie., in a range of widlh 4op, around b,. About
99.7% lies between b, -+ 30y,.

This standard error oy, is nothing else than the * standard deviation ™ of
the differences between the calculated and the true regression coeflicient in
repeated samples. It depends—and with it the range of uncertainty in the
calculated regression coefficients—on the following figures:

(1) The number (N) of observations centaining mutually independent
disturbances. The larger this number, the smaller 6,,. In economic problems,
however, it is not always certain how large should be the time interval to
which one observation refers in order to make successive values of the distur-
bances virtually independent.

(2) The number (r — 1) of explanatory series. The larger this number,
the larger gp,. This will be understood if it is realised that, by n = N (i.e,,
if the number of explanatory series is one less than the number of observations),
a perfect correlation can be obtained by any set of mutually independent
explanatory series, even if they do not bear at all on the subject.

(3} The total correlation coefficient {(R}). The nearer to 1 this number is,
the smaller is op; for R = 1, ¢ becomes zero, except when there is perfect
correlation between one of the explaining variates and a group of other
explanatory variates.

{4) The correlations between two or more of the explanatory series. If at
least one of these correlations is high, some of the regression coeflicients show a
larger oy, (i.e., are very uncertain}. This, too, is easy to understand. In fact, in
the extreme case, where two explanatory series were exactly parallel, it is clear
that a substitution of one of them for the other would not change the correla-
tion. The “best ” fit could therefore be obtained with each of an infinite

. number of different combinations, in which one series would successively be
substituted to a larger and larger extent for the other. The two regression
coeflicients of these two series would be entirely indeterminate; only some
combination of them would be determinate.

Now even if the correlation between two explanatory series is not exact,
small disturbances—which are always present—can change the result con-
siderably, and therefore the various possible “samples” would show con-
siderable dilferences. Hence o will be large. The exact expression for g
and its computation are given in Appendix A, § 4.

Professor R. Faiscg,! in his treatment of these problems,

Frisch’s does not use the concept of some unknown * universe ” from
method. which a “sample” is drawn. He considers every variate

as being built up of a systematic part and a disturbance. The

relations assumed between the variates are supposed to hold good exactly
between the systematic parts, and the regression coefficients in these relations

- Cf. Suatistical Confluence Analysis by Means of Complete Regression
Systems, Universitetets Okonomiske Institutt, Publ. Nr. 5, Oslo, 1934.
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are called the true coeflicients. The calculated coeflicients may again show
deviations from the true, and the object is to find these deviations or a limit
to them.

On the further assumptions that there is no correlation (i.e., that the
correlation coefficient is zero) between: (i) the disturbances of different
variates; (ii) the disturbances of one and the syslematic part of another
variate; and (iii) the disturbances and the systematic part of the same
variate; it may be shown that, at least for problems of two variates the true
regression lies between the elementary regressions,

This is why Professor Frisch proposes to construct what

Bunch-map he calls bunch maps. These indicate the regression slopes

analysis.  oblained for one pair of variates, if all possible elementary

regression equations are solved. For a technical reason all

variates are normalised—i.e., expressed in their own standard deviation as

units,

In order to explain the principle, a three-variate problem may be considered,

where an endeavour is made to “explain™ z, by z, and z;. The first ele-
mentary regression equation provides an “ explanation ™

35; = big3 Ty + e 2y {1)-

with a regression coefficient by,., lor z; and &,,., for z,. Taking the second
elementary regression, we obtain an “ explanation ” of x,

3; = by + bys-1 Ty,

which may, however, be transformed into an “ explanation ” of z, by putting
x, = z, and solving for z,:

e 1, by
11 bﬂ.'l .T" b“.' .‘5. ‘2)'

The two dashes have been added to indicate the second elementary regression
as the origin of this estimate. Similarly, the third elementary regression

»
Zy = by Ty + by, x4

- r bs.-l
gives z, = — T T .
! b!‘l'l ! + bn-: T (3}
The equations (1), (2) and (3) are three estimates of the relation between
the variates; two bunch maps are constructed to illustrate them. The first
compares the three coefficients (in graphical representation, the slopes})

obtained for the influence of z,, viz. ,4., from (1), T‘-—— from (2) and — -%’—’J-
13

from (3). They are represented by three beams, numbered 1,2 and 3 (beailrig‘

the numbers of the variates in whose direction the minimising has been
performed). The beams 1 and 2 will be marked ©, indicating that the slopes
are those between 1 and 2, 1 (the lower numbered variate) being considered
as the variate to be “explained ”, The second bunch map compares the

three coeflicients obtained for the influence of z, upon %, Viz., byg.g — :u.x
' n-s
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and bl . The beams are again numbered 1, 2 and 3, but here 1 and 3 are
marke:llé.

Similar bunch maps are made for all conceivable combinations of variates,
starting with the simplest and ending with the “ complete set * including
all variates. The bunch maps for a two-set are of course extremely simple:
they always consist of iwo beams only, which, by the choice of units referred to
above, are necessarily situated symmetrically with respect to the two axes.

In general, each bunch map consists
of a number of beams, two of which szcmf;a’:) ’: 1]'311.:::;1 Map
—the *“leading beams ™—have their )
ends marked () {¢f. Graph II. 11},
The numbers at the ends of these two
beams indicate the wariates, the re- 2
gression between which is being
studied. In the cases considered
in Chapters 111, 1V and V, the variate
with the lower number will always be 3 t
taken as the one “to be explained ™.
Every other beam bears a number,
and all the numbers together repre- 4
sent the group of variates wused. 25w

821>
The number attached to any beam
represents the variate used as the ieft-hand variate in the regression equation
before transformation. In other words, it indicates the direction in which
deviations have been minimised in constructing the regression formula studied.1

A case of perfect relationship without any ambiguity is provided by bunch
maps where all beams coincide; for it cannot make any difference in what
direction we decide to measure deviations, if there are no deviations to be
measured. But if in any case one of the explaining variates has been omitted,
perfect correlation cannot exist, and no perfectly closed bunches appear.

If, therefore, in a given case the bunch is not closed, the

Useful, aim of further research, and in particular of including further
superfluous variates in the analysis, is to close the bunch. Any econo-
and mically significant variate which helps to close the bunch, or
detrimental brings about a distinct change in the various slopes in the
variates,  bunch without making it less closed, is calied a useful variate.
Any new variate which only slightly changes the bunch is

called superfluous. There is, however, a third possibility: the bunch may
“explode ”—i.e., show a larger spread after a new variate has been introduced.
This happens if there is a high correlation between the new series and one
or several of the previous explanatory factors. We are then faced with
a situation which is called “ multicollinearity ". It has been shown that,

! An explanation of differences in the length of the beams would lead us
into too much technical detail.
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in such a case, some of the regression coeflicients become very uncertain;
it is therefore possible that quite diffcrent results will be obtained if
the deviations are measured in different directions. The new variate, or
one of the older variates, is then called detrimental. This should be inter-
preted as meaning that, if all variates are included at the same time, no
trustworthy measurement can be made. This does not mean that the variate
in question may not be economically significant, but only that, owing to
some circumstance (fortuitous or systematic), complete measurement is
impossible. A less ambitious measurement may still be possible. Because
of the great importance which attaches to these cases, the following simple
example may be given.

Suppose one tries to determine the demand function for butter; :rl, the
quantity of butter sold, has to bhe explained bv

z, the price of butter,
xy the price of margarine,
z, the income of consumers.

Now we find that butter and margarine prices (at least their annual averages)
are fairly highly correlated. Hence in the proposed demand equation

o my = by + byxy + bz, {1)
while b, may perhaps be readily determined, it will be impossible to find

by and b, separately with sufficient accuracy. One expedient, however, may
be adopted. If z, is left out, the equation
7y = byzy + by, (2}

may be tried; it will be possible to determine b; and b, provided the correla-
tion coefficient found is not too bad (b, will be approximately equal to b,).
Equation (2) may be used instead of {1} if il is kept in mind that x, now
stands for the combined influence of x, and x,; it will be found that approxi-
mately b, zy = byzy + byzy. This holds good only as long as the correlation
between z, and z, persists. Equation (2) may therefore be used in all pro-
blems in which this correlation does not fail. For example, if the price of
butter is raised by State regulation, but the price of margarine is raised as
well so as to maintain the correlation between the two prices, then the con-
sequences of the policy on the amount sold may be calculated. 1If, on the

contrary, the regulation does not maintain the correlation, the formula
becomes useless for this purpose.

Dr. T. Koopmansl has pointed out that the classical

A combination method and that of Friscu are complementary rather than
of the two  alternative.. Each of them deals with a part of the margin of
methoda. uncertainty which must be assigned to calculated regression

- coefficients. That part of this margin which constitutes the

object of Fisher’s argument could be called the error of sampling. According to
Fisher's hypotheses, it is due to the fact that the disturbances in the explained
variate may affect the calculated regression coeflicients to an unpredictable

, ! Linear Regression Analysis of Economic Time Series, Haarlem, 1936.
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amount, which can be dealt with only by means of laws of probability. Since
Fisuer does not assume disturbances in the explanatory series, he thus rules
‘out the type of uncertainty studied by Frisch. For this additional uncertainty
arises from the circumstance that we usually do not know to what extent the
disturbances found to be present in the whole set of data must be ascribed
to this or that variate entering into the relation; or, in more technical terms,
‘gince we do not know exactly, in calculating the regression coeflicients, what
relative weights should be applied to express the relative accuracy of each
of the several statistical series representing the variates, we incur, by any

" choice of weights whatever, the risk of introducing an error of weighting in
the calculated coefficients. On the other hand, the error of sampling is excluded
from Frisch’s argument by his somewhat restrictive assumptions which have
been indicated above,

Koopmans therefore combines the two theories into one method which
deals simultaneously with the error of sampling and the error of weighting
in the calculated coefficients. His procedure is as follows: For any set of
relative weights of the variates that we may choose—i.e., for any numerical
guess we may make about the relative strength of the disturbances in the
several variates,— mathematical deductions lead to:

{1) A set of “best estimates " for the regression coeflicients, which
‘takes the place of the first elementary regression in the classical method;

(2) A set of “standard errors ™ indicating the degree to which each
of these estimates may be subject to errors of sampling; these standard
errors correspond to those of the classical theory;

{3) A set of estimates of the standard deviations of the disturbances
in each of the statistical series employed, which estimates measure the
absolute strengths of these disturbances,

Where normally the correct relative weights are unknown, it appears that,
under certain conditions including mutual independence of disturbances in
different variates, the estimates of the regression coeflicients mentioned under
{1) remain within certain limits for all a priori possible weights. These limits
correspond to those found by Frisch for the case of two variates, and are given
by the two yltimate beams (not always the two “leading ™ beams) in the
bunch map for the corresponding coefficient in the complete set of variates.
They constitute ultimate limits to the error of weighting.

In a number of cases, however, narrower limits can be established with the
help of the estimates mentioned under (3). It is often very improbable that
the disturbances in any variate are of a size comparable to that of the variate
itself. If such a result were arrived at from any presumed set of relative
weights, such weights could be discarded as being inacceptable. Thus, fre-
quently, the elementary regressions corresponding to variates that exercise
only a secondary influence on the explained variate are excluded by this rule.
Interpreting this proposition in terms of the bunch-map analysis, it might be
said that, in these cases, the beams corresponding to such series should be
disregarded, or at least be assigned less importance than the others, éven
if they are “leading ™ beams.

3
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CHAPTER 111

FLUCTUATIONS IN INVESTMENT

§ 7. THE RELATION TESTED

In this and the two following chapters, a number of

Problem  the results obtained in applying the method described

chosen above to one of the central relations in business-cycle

for theory will be discussed. The relation in question
testing.  may be defined as that indicating the “ proximate ”
objective causes of changes in investment aclivity,

Jooked at from the demand side—i.e., from the side of investing
entrepreneurs and public authorities. '

Calculations have been made for investment in general as well
as for residential building and railways as important special cases.

As emphasised in Chapter I, the principles underlying the pro-
cedure are that economic theory has to suggest the factors to be
considered, while the statistical testing process shows the maximum
degree of accordance obtainable and the relative strength of each
factor required to obtain that degree of accordance.

For the investigation of investment in general, the choice of the
relevant factors has been based on the following -considerations.
Total investment activity is the sum of the investment activity
of those individual entrepreneurs who decide to invest at all.
The larger this number, the greater in general will the volume
of investment be. Whether or not an entrepreneur decides to
invest depends first of all on whether he expects to make profits
or not. Therefore, the number of entrepreneurs planning lnvest-
ment will depend on profit expectations.! |

1 It is almost & tautology to say that investment is governed by profit
expectations, It is not quite a tautology, however, since with the same
profit expectations there may be different volumes of investment in different
conditions, some of which will be mentioned later.
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Next, the ertent of the plans of those entrepreneurs who are
planning investment will depend on a number of items entering
into their calculations. These calculations, of course, partly
reflect the profit expectations of the entrepreneur. There are,
however, in them other elements of a more technical order.
How much will be invested will also depend, e.g., on the existing
unused capacity to produce and on new technical possibilities.

One aspect of these cal- Graph I11. 1.
Marginal culations may be considered  Marginal pronts
profits and  in somewhat greater detail,
total profits. with the help of Graph III.1,
which represents marginal

pro'ﬁts (K) as a function of the number (I) K
of capital goods units in existence at a —
given moment. When this numberis [“at © r I !

the moment of planning, the entrepreneur . Capltal goods invested

will tend to invest so many units that the point I’ with zero mar-
ginal profits ! is reached. (If profits are understood to be taken
before deducting interest payments, marginal profits minus
interest payments are zero at point I’.) Provided that the curve
K"I’, when it shifts upward and downward, does not change its
slope—as is ordinarily assumed to be the case—I"K”, marginal
profits, and the area OI’K"K, total profits on the existing plant,
will show proportional changes. This parallelism will cease to be
exact as soon as the curve K"I’ changes its slope too. Moreover,
each addition to capital will, for the next time-unit, slightly change
the base OI” of the area, and so invalidate somewhat the propor-
tionality between changes in total and changes in marginal profits
in successive (instead of alternative) positions. Since, however,
the effects of changes in marginal profits seem to be much greater
than those due to this correction, in the statement that invest-
ment is determined by profit expectations the latter may with a fair
_degree of approximation be taken as expected total profits on
existing plant. '

! Evidently the argument of this paragraph also holds, mutatis mutandis,
for expected marginal profits and expected total profits.
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Finally, for many entrepreneurs—especially for public author-
ities planning to make investments—the possibility of financing
investment activity will exert a considerable influence. From
the theoretical point of view, it is perhaps superfluous to mention
this aspect separately, since in profit calculations, in their widest
sense, this financial possibility has somehow to be included. From
the practical point of view it seems, however, useful to make the
distinction, even if it cannot be maintained everywhere in the
considerations which follow.

We shall now consider more closely the elements mentioned.
Profit expectations themselves are, of course, hardly accessible to
statistical . measurement; but they will largely be determined
by some objective criteria in the minds of most entrepreneurs.
These objective criteria will in the first place be included as
factors in our analysis.

The factors which as a rule exert the greafest

Factors  influence on profit expectations are by most authors

influencing assumed to be
profit (1) the magnitude of currently earned proﬁts ;
expectations. * {2) the price of capital goods; and
(3) the rate of interest.

It might seem as if the rate of interest and the price of capital
goods ought not to be included separately, since they enter through
interest payments and depreciation into currently earned profits;
but the interest rates and prices entering into these calculations are
some sort of average over a long period and will therefore show
almost no connection with the latest prices in both markets.
Present investment will be governed by the rate of interest and the
price of capital goods now prevailing, or at most will exhibit a
fairly small and definite lag. For this reason, these factors are
included separately; for most other cost items, this is not necessary.

(4) Other authors have preferred to include as
Profit chief explanatory factor profit margins instead of
margin  total profits, profit margins representing the margin

_ortotal . between average selling price and average pnme cost.

profit " The chief reason for taking this course must lie in the

hypothesis that the entrepreneur who plans to invest
takes for granted the amount of additional output which he will
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be able to sell ag the result of his act of investment; in this case
his expectation of profits will depend entirely on the margin between
prices and prime cost. The possibility that his sales expectations
will depend on the general business situation seems to have been
neglected in this hypothesis. For entrepreneurs far from the
" margin, this may be justified to some extent; profit margins, as
well as profits, have therefore been included as an explanatory
variate. It may be asked whether it would not be preferable to
include profit margin and volume of production separately as
explanatory variates instead of total profits (which is about the
same thing as the product of margin and volume of production)
and profit margin. Since, however, statistics of total profits are,
in general, more reliable than those of profit margins, and it may
be expected that total profits as such have an important influence,
it seems better to take total profits as one of the variates.

No distinction has so far been made between
Profits  amount of profits and profit rate—i.e., profit as a_
and profit percentage of capital. Actually, this rate is com-
rates. monly considered as the factor which has to be

' taken for our purpose. As will be seen below, in a
number of cases figures are available and have been used. In
other cases, however, only the amount of profits is available.
From the statistical point of view the difference is very small
Generally the two series are very highly intercorrelated, as a conse-
quence of the smooth movements of total capital stock. The
results will therefore be very nearly the same—i.e., the regression
coefficient found for profits may be assumed to equal that which
would be found for profit rate if the latter was used as explanatory
series, provided that due corrections for changes in units were made.
(5) Another factor which has been mentioned is the rate of
increase in prices. The underlying idea is  that rising prices
stimulate and falling prices curtail investment activity. Objects
bought or constructed in times of rising prices show rising values
and, therefore, rising possibilities of yielding a profit when sold;
the reverse is true in periods of falling prices. The argument is of
course more especially true for goods that are easily marketable,
but applies also to some extent to capital goods, which may, e.g.,
be constructed in advance when prices rise. ¥
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The factors determining the financial possibilities

Financial of investment are already included in the list just

posstbilities. given. They are, first of all, currently earned profits,

which are not only important for a great number of

smaller enterprises, but also for public authorities. Public budgets

will, with some lag, reflect private economic conditions and deter-

mine, in a high degree, the possibilities’ for public authorities to
make large investments. :

Indirectly, high current profits are also important for big enter-
prises, in so far as the raising of money by issuing new shares will
be facilitated. The “ easiness ” of getting money in this way may
also be inversely indicated by the share yield, which in some sense
indicates the movements in the “ interest rate ” which the public
expects to receive on new shares.

In addition, ordinary interest rates will be another indication.
Long-term interest rates may play a rdle for those enterprises which
usually finance their investments by bonds or mortgages (railways,
building), or which base their calculations on those rates; short-term
rates may influence financing by bank credits.

Apart from profit expectations, some technical

Technical ecircumstances also influence the volume of invest-
circum-  ment, as has already been observed. Apart from
stunces. autonomous ” technical changes, to be discussed

later, two factors seem outstanding. '

Investment activity will be lower, the lower actual production
is in proportion to existing productive capacity. As in general,
and especially in the pre-war period, total capacity is a very
smoothly moving series, the influence of that series may be neg-
lected, since all our investigations deal only with the shorter
fluctuations. As for the actual volume of production, it is so
highly correlated with the volume of investment that it must not
be included in our analysis as a separate series. - Any calculation

aiming at explaining investment activity will automatically take
account of the circumstance discussed here.!

1 Indicating by v the volume of investment, by u 4+ ¢ the total volume
of production, and summarising in R all other fattors in the “ explanation ”
of investment activity, the relation to be tested will be: ¢ = @ (u + ¢} + R.
Since u + v is very near to bv {b constant), it follows that the equation may
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{6) The second factor will be the rate of increase in the volume
of production.! The larger this rate of increase, the larger the need
for new capital goods. This is the tendency upon which the well-
known “ acceleration principle ” is based. This connection is only
a close one if no excess capacity is available; and this will be the
case for only a small proportion of enterprises. In consequence,
the strength of the force will be less than the pure theory of
the simplest case would suggest.? Nevertheless it may have an
influence.

Here, again, a mathematical difficulty presents itself under
certain conditions—namely, when, as is the case in various periods
and countries,® investment activity and consumers’ goods produc-
tion (and therefore also general production) are highly correlated.
The rates of increase in the general production level and in
investment activity are then also highly correlated. To include
the series now proposed would therefore be almost the same
a8 to include the rate of increase of the variate that is to be
explained. It may be proved mathematically that this means
introduging a small change in lag.® The new variate may therefore
be given any importance (within some limits) one likes, if only the
lag in the relation-explaining investment activity be accordingly
changed. Only if that lag may be known a prieri will the problem
be absolutely solvable. A further condition is, of course, that the
lag, as well as the coefficient found for the rate of increase in total
production, must be positive. '

The list of explanatory series omits two other series

Series which have been emphasised by some authors and

rejected.  might possibly be considered as influencing investment

fluctuations. These series have been rejected partly

for a priori reasons, partly as a consequence of some provisional
correlation calculations.

also be written: (1 — ab) é = R or ¢ = cR, meaning that u - ¢ could be
left out as an explanatory variate. '

* Not only consumers’ goods production, since for the production of other
_goods machines, etc., are equally necessary.

* Cf. G. HaBERLER, Prosperity and Depression, page 84.

3 Cf. discussion of results in § 10.

4 Cf. end of § 8, p. 48.
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Some theorists have emphasised a new ~ explana-
(1) tory " series by paying attention to what has been
* Weighted called the “ echo effect . Suppose the duration of
average of life of all capital goods were strictly equal to a given
previous  period: then production required for replacement of
production.” worn-out capital goods would be an exact repetition
of total production of investment goods some time
before. 1If, e.g., that period were strictly seven years, then
production in 1929 would be partly destined to replace capital goods
. produced in 1922, production in 1930 to replace those produced in
1923, etc. Now it is clear that (i) the life of various capital goods
shows an enormous spread and (ii) even the life of, e.g., one parti-
cular machine depends on businesz conditions in the year in which
it is replaced. There will be a tendency to replace more in good
than in bad years, even if the iechnical duration of life be the
same. . The first circumstance leads to the necessity of taking, for
the explanation of 1929 production, not the year 1922 only, but
a weighted average of a number of years which perhaps have their
centre i 1922. Some experiments give the impression that the
weighting flattens the curves so radically that practically no move-
‘ments are left.* For this reason, as also on account of the uncertainty
of the exact distribution of the duration of life, the variate “ weighted
average of previous production of capital goods ” has heen omitted.
The second circumstance mentioned above—viz., the influence of
the business position on replacement—is already taken into account
by the inclusion of profits as one of the determining factors. -

Apart from the factors discussed, a number of .

(2) - extra-economic or autonomous factors will influence
Autonomous investment activity. Important inventions may do
changes in  so; or political events which suddenly change expec-
tnvestmernt. tations. These influences are considered, in this
analysis, as non-systematic disturbances which act

largely accidentally, in an irregular way, like lottery drawings. -
In general, such influences will exist whenever many mutually
independent and small forces are acting, which will be the case in

! See also: P. bz Wourrr, “ The Demand for Passenger Cars in the United
States ", in Econometrica, 6 (1938), page 113. .



— 41—

normal times, This is the approach to business-cycle problems
which is known as the “ shock theory of cycles ".! Some very
exceptional events which do not obey these “ laws ” will he generally
known, so that they may easily be eliminated before the analysis.
This has been done, e.g., with the English coalminers’ strike in
1926, while for the American calculations the period since 1933 has
been treated separately. With the exception of such events, the
other autonomous influences are assumed to be included in the
statistical residuals.

To sum up, there would be reason to include at
Two stages least six explanatory series (indicated by the numbers
of 1-6), namely: B
investigation. (1) current profits;
(2) price level of capital goods;
(3) interest rates (long, short or both);
(4) profit margin;
(5) the rate of increase of prices;
(6) the rate of increase in the volume of production_.

To include this large number of series in all calculations would
have meant such an amount of work that it seemed advisable to
make the investigation in two consecutive stages. In the first
stage, where a general orientation about the importance of each
variate is the object, all series are included, but only three cases
are considered (Germany and the United Kingdom before the war;

1 Cf. R. Frisce: “ Propagation Problems and Impulse Problems in Dynamic
Econemics ” in Economic Essays in Honour of Gustae Cassel, London, 1933.
The difference between this type of business-cycle theory and the other
theories may be shortly characterised as follows: whereas most theories do
not pay very much attention to external disturbances, and in most cases only
start their argument with the assumption of an initial disturbance, the shock
theory supposes that such disturbances work at very short intervals and are
each of them of only little importance. From this simple fact, this theory
concludes—by mathematical deductions—that the resulting movement may
show, apart from the “ endogenous ” periods, apparent periods which are only
the consequence of the cumulative effect of disturbances. The word * shock ”
has been chosen in analogy with physics, where such problems were already
known,
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the United States after the war), and the calculations are limited
to regression formula and correlation coefficients. In the second
stage, the calculations include the more important series only,
but they are more detailed and cover six cases (adding to the above
France and the United States before the war and the United
Kingdom after the war). In addition, the significance of the
latter calculations has been tested in various ways.

A rough and fairly easy first test of the sxgmﬁcance of results
consists in dividing up the period studied and repeating the calcula-
tions for the shorter periods. Similar results, with coefficients of
the same order of magnitude, should be found: otherwise the
significance of the results must be doubted. A number of calcula-
tions for the pre-war period have accordingly been repeated for
two sub-periods—up to 1895 and from 1895 onwards. The year
1895 has been chosen as it is the turning-point of one of the so-called
long waves.

In addition, another experiment has been made. As it has
often been suggested that the “laws ” governing upward phases
and those governing downward phases of the eycle are different,
the calculations have been repeated for (1) all years in upward
phases and (2) all years in downward phases.

In addition, the more exact significance calculations mentioned
in Chapter II have been made for some characteristic cases. They
have not been repeated for all cases, as they are very laborious.

§ 8. THE StaTisTicAL MATERIAL

The following details of the statistical series used in the calcula-
tions may now be given.

The countries and periods studied are:

Pre-war Germany 1871-1912 (42 years);*
Countries United Kingdom 1871-1910 (40 years);*
and periods. United States 1877-1913 (37 years);
France 1871-1908 (38 years).

Post-war: United Kingdom 1920-1936 (17 years);
United States 1919-1933 (15 years).*



— 43 —

Only the cases indicated with an asterisk have been included in
the first stage.

The post-war figures for Germany are too much vitiated by
autonomous events to afford a good basis for research. The period
after 1933 for the United States has been left out, as the policy
of the Government may have changed the relations investigated;
the calculations have, however, been extrapolated {cf. Section 11).

Series used.
[. Total investment has as a rule been represented
(a) Descrip- by estimates of the consumption of iron and steel (v,).
tion of series. Alternatively, pig-iron production has been used.
The main difference between the two series consists
in exports of iron and steel (not included in consumption) and in
scrap used in steel production (not included in production of pig-
iron), The inclusion of exports may be interpreted as an attempt
to take into consideration not only the home market, but also
foreign markets. The exclusion of the second item is in most cases
not serious, as there is a good parallelism between cycles in pig-iron
and steel production. Only for the United Kingdom 1900-1910,
where there was a marked divergency, must the consumption figures
be preferred; it is interésting, however, to compare the results of
the two attempts.

In the case of the United States, a more accurate estimate of the
volume of investment (¢) is available for the post-war years
in the figures calculated by Kuzners.! These figures, which
distinguish between producers’ durable goods, consumers’ durable
- goods, and building, have also been used. Building has been
excluded in all cases except one, where residential building (as
estimated by Wickens and Foster) 2 has been subtracted, and
non-residential building retained.

1 8 Kuzners, Gross Capiuﬂ Formation, Bulletin 52, National Bureau of
Economic Research, New York, 1934

® D L. Wickens and R. R. Foster, Non-farm Residential Construction
1920-1936, Bulletin 65, National Bureau of Economic Research, New York,
1937,
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The exact series used is indicated in each table. In general, the
results obtained for the various series are not very different.

II. The explanatory series are taken from the following sources.

(1) Profits earned h:;ve been i‘epresented by the series indicated
in the following table:

Country and period Description of series Sourée o

United States, (n) Share price index. Review of Economic Sta-
pre-war C tistics. .

United Kingdom, (E) Non-labour income, BowLeY, Economic Jour-
pre-war nal, 1904, completed with

the help of data by Stame,
British Incomes and Property
- _ (based on Income Statis-

tics).* -
Germany, (d) Dividends earned in Doxnner, Die Kursbildung
pre-war o, of capital.® am Aktienmarkt, Viertels-

jahreshefte zur Konjunktur-
forschung, Sonderheft 36.

(n) Share price index. Same source.
Frar_nce. (n} Share price index. , Statistique générale de
pre-war la France.
United States, (Z¢) Net income of cor- Statistics of Income.
post-war porations.
(n} Share price index. . Standard Statistics Co,
United Kingdom, {Z¢) Net profits earned in Economist.
post-war % of capital.

& Some experiments with statistical methods devised to find the annual figures out of
the three-vear-moving averages given by Income Statistics seemed to show that the ’
cyclical movements of the latter and those of the former do not differ very much.

b Year of earning is taken to precede year of distribution. )

(2)  Price of capital goods. — The price of pig-iron (éi) has been
taken throughout, as it represents the most fluctuating item in
the cost of capital goods. The sources are indicated in the

following table:

Country and period Description of series Source

United States, Price of No. 1 foundry US.A. Statistical Ab-
pre-war pig-iron at Philadelphia. stract.



Country and period
United Kingdom,

Description of series
Sauerbeck’s index of price

Source
8. KvzNETs: Secular move-

pre-war of pig-iron. ments in  Production and
Prices,
Germany, Average price of pig-iron Statistisches Handbuch
pre-war produced. (1907} ; Statistische Jahr-
biicher,
France, Average price of pig-iron Annuaire statistique de la
. pre-war produced. France,
United States, Price of Bessemer pig-iron U.S.A. Statistical Abstraet,
post-war at Pittsburgh.
United Kingdom, Price of Cleveland- Statist’s index number of
post-war Middlesbrough pig-iren. wholesale prices, Journal of
the Royal Statistical Society,
Part I1.
(3) Interest rates. — In most cases, calculations have been

made with (i) (m,) market rate of discount or some other short-term

_ interest rate and (i) (m.p) bond yields. )

_ In addition, some calculations have beer made with (m,,) share
yield, as representing a special category of “interest rates ”, viz.,

the rate attributed to funds raised by share issues.

are summarised in the following table:

Country and period

United States,
pre-war

United Kingdom,
pre-war

- Germany,
pre-war

France,
pre-war

Descriptiori of series
{m.p) Long-term:

1890-1899: Yield on ten

American railroad bonds.
1900-1913:

bined.

(m,) Short-term: market

rate on 60-90 days paper.

{m_p) Long-term: Yield on

2 1,%, Consols,

(m,} Short-term: market

rate of discount.

Yield on .
sixty bond issues coms-

The sources

~ Source
Review of Economic Sta-
tistics, 1919.

Standard Statistics Co.

I. Fisuer, The Theory of
Interest.

1"

fixed interest bearing secu-

{m,p) Long-term: Yield on 2
rities. ‘
!

Doxxer, see under (1).
{m,} Short-term: market
rate of discount.
(t/myp Long-term: Index
of price of 3% *“rente ™.

Bulletin de la Statistique
générale de la France,
1919/20.



Country and period
United States,
post-war

United Kingdom,
post-war
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Description of series
{m.p) Long-term: Bond
yield, 60 issues combined.
(mg) Short-term: market
rate on 4-6 months commer-
cial paper. ’

(m_g) Share yield: (i) Cash
dividends of corporations in
9. of {ii} total capital stock.

(mp) Long-term: Yield of
2 19, Consols.

Source
Standard Statistics Co.

I. FisHER: The Theory of
Interest; League of Nations
Monthly Bulletin of Sta-
tistics. ,

(i) Statistics of Income.

(ii) Statistics of Income;
prior to 1925, estimates
hased on new security issues
and index of share prices.

Statistical Abstract of
the United Kingdom; Sta-
tistical Summary of the
Bank of England.

(4) The calculation and sources of the figures for profit margins
(p—15 1) are given in this table:

. Country and period

United States,
pre-war

United Kingdom,
pre-war

Germany,
pre-war

3

Description of series
Index of cost of living — 15
index of hourly earnings.
(i} Index of prices of ex-
ported finished products — 14
(ii) index of wage rates.

(i) General index of whole-
sale prices — 14 (ii) index
of wages (both in 9, devia-
tions from trend).

Source

National Industrial Con-
ference Board,

(i Calculation L.o.N.
based on trade statistics.

(ii} Index of Bowley and
Wood, reproduced from
Layton: JIntroduction to
the Study of Prices.

{i} Jacops & RICHTER!
Grosshandelspreise. Viertel-
jahreshefte zur Konjunktur-
forschung, Sonderheit No.
37. ' -

(i) J. Kvuczynski: Lahne
und Erndhrungskosten in
Deutschland,

(5) The sources of the figures for (u) production of consumers’

goods are:
Country and period
United Kingdom,
pre-war
Germany,
pre-war

Description of series
Index of production of
consumers’ goods.
Index of the Institut fir
Konjunkturforschung.

Source
HoPFMANN: Weltwirt-

schaftliches Archiv, vol. 40.

Wacenrinr, Die Indus-
triewirtschaft. Vierteljahres-
hefte  zur Konjunkturfor-
schung. Sonderheft No. 31.
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Country and peﬂod Description of series Source
United States, League of Nations estim- Journal of the American
post-war . ates based on study by War- Statistical Association, vol,

burton in: 30.

!

(6) The figures for the rate of tncrease in general price level
and their sources are: ,

Country and pertod Description of series Source

United Kingdom,  {Ag;) Rate of increase in Vide supra,
pre-war price of pig-iron. *

Germany, ' (Ag;) Idem.* Idem.
pre-war : '

United States, (Ap) Rate of increase in  National Industrial Con-
post-war cost-of-living index.* ference Board.

& For pre-war times the general price level seemed to be well represented by that of
investment goods. For post-war times iron prices are no more representative,

(b) Trends. — As the relation studied claims to represent only the
causation of short-run movements in the volume of investment,
deviations from trend have been taken throughout, except when
otherwise stated. In general, trends have been calculated as
nine-year moving averages for pre-war periods—which are long
enough to allow of the first and last four years being omitted—and
as rectilinear trends for post-war periods—which are too short to
allow of omitting eight years.!

As has already been stated (Chapter III, § 7), an

(c) Other attempt has been made throughout to explain pro-

series duction of pig-iron or consumption of iron and steel

included. (v,) or total physical investment (¢) by some of the
six explanatory series mentioned above.

_— . .

! The trend chosen for the American figures (post-war period} may be some-
what biased by the fact that the period starts with a boom year and ends with
& slump year.

In order to judge the importance of the trend, the first calculation of TableI11.4
was made without correction for trend. The correlation ceeflicient was hardly
affected, nor was the regression coefficient of profits (0.33 instead of 0.29).
The combined influence of price and interest must therefore have been nearly
the same; of the respective influence of these two factors, nothing can be said
owing to a very high intercorrelation between the two variates {cf. Chapter I1,

§ 6, page 29).
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In some cases it has seemed useful to include still further series,
somelimes in substitution for one of those mentioned already. In’
the case of the United States (pre-war), in order to obtain a fairly
good explanation, it seemed necessary to include building volume
(vp) as a separate variate. This may be justified by the fact that
the factors affecting the building volume are rather poorly repre-
sented in the four explanatory series: e.g., building profits, which
might play a role, are not reflected immediately in share-price
indices. The same applies even more to other factors. The
inclusion of building volume means, of course, only a postponement
of the problem; the factors affecting building itself are to be studied
afterwards (Chapter IV). ’

(i) As a general starting-point, a lag of half-a-year

Lags  was assumed to exist between the explaining series

considered. and investment activity.! In most cases, this seemed
to be not far from reality.?

(ii) In the second stage, various experiments were made with
other lugs. They consisted either in assuming a lag of one year for
all variates, or in introducing the same variate both with a lag of
one year and without any lag and comparing the regression coeffi-
cients. For example, if the best explanation turns out to be:
0.8 z + 0.4 z_,, where z_, siands for z one year earlier, this result
represents a case of so-called “ distributed lag ” 3 with an average
lag of 1/3 year. Similarly, lags of half-a-year may be introduced
by simply taking as a variate 1 (z + z_,) instead of z.

(ii1) Here it should be remarked that an infinity of different
interpretations can be given to the above formula, which, mathema-
ticaily speaking, all come to the same. Instead, e.g., of giving
the above interpretation, one could read the formula:

122 —04(z —z_,)

1 Except for the United Kingdom, where preliminary calculations showed
a lag of one year for non-labour income to be preferable.

* A number of estimates available for the length of the production perlod
would seem fo indirate a few months for machinery, six months for house
building, and one year for shipbuilding. Cf. “ The Length of Certain Production
Processes ™ {Dutch), De Nederlandsche Conjunctuur, August 1934, page 32.

3 This term is due to Professor Irving Fisher. Distributed lags seem to be
even more probable than simple lags.
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saying that there are two influences, viz.:

(a) an influence of z, without lag and with strength 1.2;

(b) an influence of the rate of increase in z, with an (average)
lag of half-a-year and a strength — 0.4.

§9. Cuier ResuLTts

Before giving a detailed account of all the cases considered and
results obtained, the conclusions drawn may be shortly summarised
as follows. ,

(a) On the assumption that our estimate of iron and steel con-
sumption (or the alternatives used) is a just index of investment
activity, there is fairly good evidence that the fluctuations in
investment activity are in the main determined by the fluc-
tuations in profits earned in industry as a whole some months
earlier.

(b) The influence of the other factors included is not. consider-
able and is therefore, in many cases, numerically uncertain. This
fact is reflected in a

(i) the significance calculations in the ordinary sense, and

(ii) the fact that the “ influence ” of these other factors is
sometimes positive and sometimes negative, and almost
always small (¢f. Chapter II, § 5).1

Nevertheless, for particular countries, fairly certain results are
obtained (cf. next few sections).

(¢) No systematic differences of a general character have been
found to exist between upward and downward phases;

(d) As was to be expected, the difficulties arising from “ multi-
collinearity ” # increase with the number of variates and prevent
the complete solution of a number of problems.

1 The chief significance of this result is that in past cyeles the rile of interest
rates and of prices of iron has been far less important than that played by
profit changes. It does not follow for all cases—though it does for most of
.them—that interest rates might not have exerted a great mﬂuence if they
had fluctuated more violently than in fact they have done.

* See Chapter I, § 6.



§10. DeraiLs of REsuLts, FIrsT STAGE.

The results of the calculations of the first stage are summarised.
in Tables III. 1, III.2 and IIL 3, giving the correlation and
regression coeflicients for the cases and variates indicated. The
tables have been constructed in the following way. The chief ex-
planatory variate, namely profits, has always been included; in the
case of the United States two such variates were taken, namely profits
and share yield. The selection of these variates has been based
on their coefficient of simple correlation with investment activity ¢’
and on the " influence ” (cf. Chapter I1) which they show in the
more complete “ explanations ”.

The chief variate or the couple of chief variates has then been
combined with each of the other variates, and with certain combi-
nations of larger numbers of the latter. Variates showing regres-
sion coefficients with wrong signs have sometimes been excluded
in order to reduce the number of possible combinatiohs; e.g., the
variate profit margin, (p,—34l,), in the case of the United
Kingdom in the four- and five-sets, and the variate rate of increase
in price level (Aq) in the three-set. The same applies to variates
showing a very small influence. This influence may be found by
multiplying the standard deviation, given at the bottom of the tables,
by the regression coefficients. In order to give an a posteriori test, this
has been done for the highest regression coefficient in each column.

The tables bave been used for three purposes. First, the increase
in the correlation coefficient as the consequence of the inclusion of
a new variate may be studied, and secondly, the stability of the
regression obtained for one variate in various cases. Thirdly,

conclusions as to the relevance of the variates may be drawn.
These latter are based on:

(i) wh.ether or not the variate in question increases the corre-
lation coeflicient to any considerable extent,

(ii) whether or not the sign of a fairly stable regression coeffi-
cient is right, and

(ii) whether or not the influence of that variate is perceptible.

Carrying out this programme for each of the variates, the
following conclusions seem legitimate.
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Table III. 1. “ Explanation” of Investment Aectivity, First Stage.
United Kingdom, 1871-1910: Iron and Steel Consumption (o;}.

Corre-
Regression coeflicients of; t L?)t;&?.
Case . : cients
E_y | (gi)nq Agp |myp)yt g g | Au  [(Pa-R )y R
1 1.85 0.552
21 3.20 | —0.31 0.664
22 1.92 0.17 ' 0.649
23 | 1.92 — 0,366 0.643
24 2.85 . — 0.051 0.611
25 1.79 0.43 0.606
26, 2.65 - 0.44 | 0.655
31 3.29 | —0.32) 013 0.729
32 3.16 | —0.28 —0.330 0.726
a3 3.41 | —0.26 — 0.021 0.670
34 16 | — 0.31 0.45 0.714
35 3.16 | — 0.20 — 0.24 0.680
41 3.28 | —0.30] 0.45 |—0.239 0.783
5 3.45 |—0.27] 0.15 [-—0.229/— 0.016 0.786
52 3.25 | —0.31} 013 |—0.223 0.27 0.797

Standard deviations of varlates:1

Y%

7.48 2.23 | 13.25 [14.90| 6.74 | 57.87 | 4.38 7.26

Maximum | 7,69 | 4.24 | 2.53| 247 | 2.95 | 1.97 s

! Units used: ail series in percentage deviations from trend, except series my; and mg,
Which are in absolute deviations from trend, in units of .01 % and Ag; and Aw, which are
In percentages of the trend values of q; and u respectively.

Meaning of symbols (for fuller explanaticn, see § 8).

vi:  consumption of Iron and steei. m;p:  bond yield
E: non-labour income. mg: short-term interest rate.
2;: price of iron, Au: rate of increase in consumers’
Ag;: rateof| 1 goods production.
s g ncrease in g = qi_(ql)—[ - Pf‘%!- pmﬂt margin.

de:iggsolute value of product of largest regression coefficient with right sign andstandard
on.,

¥ Wrong signs.



Table III. 2. “ Explanation” of Investment Activity, First Stage.
Germany, 1871-1912: Iron and Steel Consumption {v;).

Corre-
Regression coefcients of: 1 ::gg[?ﬂ
Case cients
dy | 4w |(PRloy mgd gl (@-3% | A% |(my | R
11 5.37 0.853
2 5.37 | 0.23 0.857
22 5.18 0.10 0.854
23 5.63 — 0.013 0.854
24 5.39 — 0.006 0.853
25 5.51 — 0.05 0.854
26 496 0.027 | 0.865
31 4.98 | 0.32 0.21 0.859
32 570 | 0.25 — 0.017 0.857
33 549 | 0.28 0.038 0.857
34 5.44 0.09 —0.013 0.854
35 5.32 0.28 — 0401 0.856
36 5.78 -—0.015{— 0.020 -1 0.854
Y] 5.80 | 0.36 | —0.13 |— 0.024 — 0.07 | 0.034 | 0.875

Standard deviations of variates:1

11.09 1.76 | 3.52 5.25 4480 | 12.85 | '9.42 | 65.88

MaxlI
Maximum 110.21 | 1.27 | 1.47 1.08 | 1.30 3 3

1 Unlts used: all series In percentage deviations from trend except series d, my gand mg,

which are in absolute deviations from trend, in units of 1%, 0.01% and 0.01 % respectively.
For Aw and Ag, see table III. t.

Meaning of symbols (for fuller explanation, see § 8).

LTH consumption of iron and steel, My, share yleld.
d: dividends tn % of capital. q: price of pig-iron,
Au: rate of increase in consumers® Ag;: rate of Increase in price of pig-

goods production,
% b, : profit margin,

1
deﬂ:tl;;g{ute value of product of largest regression coefMcient with right sign and standard

% Wrong signs.

iron.
mg:  short-term interest rate.
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Table IIL 8. “ Explanation” of Investment Activity, First Stage.
United States, 1919-1933: Deliveries of Producers’ Durable

Commodities 4 Non-residential Building (o).

Corre-
Regression coeflicients of:1 Lﬁt‘&’l
Case clents
Z° 4 | (mugdy | (Qi)-34 [(P-%ekw)g t Ap Au |[(mg) yw | R
11 { 0.19 | —0.076 0.986
21 {049 | -—0.074]—0.02 0.987
22 | 0417 | —0.083 010 0987
23 | 0.18 | —0.079 —0.13 0 986
24 | 0.20 | —0.074 —0.29 0 990
25 | 0.49 {—0.076 0.01 0.986
26 | 018 | —0.078 0.0045 | 0.986
31 | 016 | —0.077 |—0.01 0.27 0.989
32 1] 048 | —0.081 |—0.07 —0.63 0.987
33 | 0.20 | —0.0711—0.02 —0.29 0.991
34 | 017 [ —0.076 0.19 0.57 0.987
35 | 0.19 | —0.076 0.02 - 0.29 0.930
36 !0.20 | —0.072 0.10 |— 0.29 0.990
41 | 0416 | —0.075|—0.14 0.31 0.13 0.989
51 | 018 | —0.071 [—0.07 0.14 0.10 |— 0.23 0.991
52 | 016 | —0.077 [—0.47 0.31 [—0.13 —0.06 0.989
53 [ 0.17 | —0.067 [—0.18 0.24 0.27 0.012| 0.990
Standard deviations of variatea:3
vﬁ .
19.85] 96.50| 154.20 | 25.49 17.81 £.32 7.45% 7.48]|130.23
Maxi-~ ‘ .
hm119.30 12.80 | 4.54 552 | 2.72 3 0.07] 3
ence 8

1 Units used: All series in percentage deviatlons from the average, except serics miyq
and mg, which are In ahsolute deviationa from average, in units of 0.01 %. For Ap and
Au, gee table III. 1 (Ag; and Au).
Meaning of symbols (for fuller explanation see § 8).
deliveries of producers’ durable goods t: trend.

»
L2

-+ non-residential building. Ap: rate of increase in cost of living.
2% prolits of corporations. Au: rate of Increase In consumers®
Mgt share yield. goods production.
9 price of pig-iron, mg: short-term interest rate.
%Ly : profit margin.

de:'lAt.:somte value of product of largest regression coeficlent with right sign and standard
ation.
* Wrong signs.



The importance of profits (Z), and, in the case of the United
States, of share yield (m,,), is confirmed: the increase in correlation
and the influence of the variate are considerable; the signs are right.

The increase in correlation obtained by the inclu-
sion of each variate may be taken from the following
table:

Increase in
correlution.

Average Increase in Correlation Coefficient obtained by adding Each
of the Following Variates.

short- | price Rate ofiinncrease
Sh t Profit
Country Profits yigll:f interest u?otn —~——————| margin
rate prﬁg:e- prices
United Kingdom .
1871-1910 0.552 | 0.069° [ 0.023 | 0.078 | 0.039 | 0,073 | 0.060*
Germany .
1871-1912 0.853 | 0.001 [0.012* 0.001 | 0.004% { 0.001 */ 0.002
United States
1919-1933 0.795| 0.191 | 0.001 *| 0.001 | 0.000 | 0.003 *| 0.001

4 Rond yield.
* 1n this case the sign of the regression coefcient is wrong.

For the variates: short-term interest rate (m,),

Signs.  rate of increase in price (Agq or Ap) and profit margin

(p — % 1,), the results vary in different countries.

All these variates show wrong signs in all cases for at least one
country. -
For the other variates and countries, the signs are right, but
share-yield data for the United Kingdom are not available. The
var:late Au, rate of increase in consumers’ goods production, shows
Posntive signs in at least one case for each country, but its influence
18 found to be small. In addition, as has been observed in the
theoretical part of this chapter (§7), this influence may always
bt'a replaced by a shilt in the lag assumed, especially in case of a
high correlation between investment activity and consumers’ goods

production. Price of iron (g;) shows negative signs in most cases
for each country,
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Taking the standard deviation of ¢; equal to 100
Influence. in each country, the maximum influence found
is the following:

Short- Price Rate oir increase
Sh t T n:
Country Profits Yl;’lﬁ’ Intommet | ‘%fn rr}:a"r’gitn
rate pr{ig:c- prices
United Kingdom 103 33* 39 57 26 34 *
Germany 92 10 b 12 11 * 13
United States 97 64 * 23 0 * 28

& Bond vield. * Wrong signs in all cases considered.

From the foregoing we conclude that, as stated
Conclusions. already, the factors short-term interest rate, price of
iron, rate of increase in production and in prices, and
profit margin are, in the mean, far less important than profits and
share yields. In particular cases some of them seem to be impor-
tant, but a general indication is lacking. The most important
variates that are to be considered in the second stage are therefore -
profits (and for the United States, post-war, also share yield}, and
in addition the price of iron and interest rates, since the theore-
tical considerations given in § 7 require that these should be
considered at the same time. A second reason for including these
two factors is the great importance which many economists attach

to them as causal factors of investment.

§11. DETALs oF REsULTS, SECOND STAGE.

A. Ezamination of Regression Equations found.

The correlation coeflicients found (cf. Tables I11. 4
Correlation to II1.9) are, in general, fairly high, their median
found. value being about 0.80; and it is satisfactory that
—in view of the better statistics available for
post-war years—the post-war correlations are considerably higher
than the pre-war ones for the same country. Especially interesting
is the improvement obtained by taking such a careful estimate
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18 Kuznets’ index of investment activity instead of pig-iron
production.

A feature common to all results is, as has already

“ Influence” been observed, the important part which profits (or
of profits.  one of the series reflecting them) play in the “ explana-
tion ”. The other factors play only a secondary part,

as is easily seen from Graphs ITI.2—III.5, constructed in accordance -

with the rules laid down in Chapter I1, § 5.

Graph 111, 2.

“EXPLANATION” OF INVESTMENT Acnvmr.
UniTeD STATES oF AMERICA, 1919-1933,

L [ —+20
5 ~H+ 10
- 0
+ 20 -~4~10
oWV A~
) \]
o \/ -3¢0 Invesiment = Flow of producers’ durable
- 0.24 7€ - g00d8 to enterprises, plus flow of consumers'
: ~% = durable goods to enterprises and households.
- 20} 4 ’ ’
3oL i LI " investment activity, actual.
" oo op: Inv]fstment activity, as explalned
ozsgy | :

c '
Z 5 profits

"\

4-10  (g4-1, : price of iron
H-% : agged
- 0.05(My)_4 I+ 10 (mg)y: shog—tt:rm interest %-year.

e —
N J ©  (myg_y: share yield

« 100 \- =10 k: trend.
o]
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Graph II1I, 3.

“ExrLANATION” OF IRON AND STEEL CONSUMPTION,
UniTep KingpoM, 192(0-1936.
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‘ The regression coeflicients of profits vary according
Regression  to the series taken to represent them. It is found in
coefficients. using such a comprehensive figure as corporation

profits, for the United States, that when there is an

increase in these profits of 19, of their average level, there is a

corresponding increase in investment activity of 0.39, of its

average level, The figure found for Germany (pre-war) is about
twice as great, whereas the English figure (post-war) is nearly four
times as great; but the latter is based on the Economist sample of
profits, which seems to show relatively small percentage fluctuations.

_ It is natural that share prices,! if used as representative of profits,

obtain a larger coeflicient, lying between 0.6 and 1.0.* This means

that the change in investment caused by a 19, change in share

prices is also of the order of 19,

! For in pre-war times share prices in general showed smaller percentage
fluctuations than dividends or profits. In the United States after the war the
situation was different; the share yield was at a minimum in 1929 when prices
were at a maximum,

_* As far as the figures in Table III. 4 are concerned. Some of the excep-
tional figures in the other tables are explained below.
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Graph I11. 4.

“ExpLANATION” oF IroN AnND STEEL CONSUMPTION,
‘ ’ Uxttep Kinepom, 1871-1910.
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v;: . fron and steel consumption, actual.

v:: iron and steel consumption, as explained by:

E_y: non-labour income-

(AE)_y: rate of Increase in non-labour income lagged 1 year.
{g;)_y: price of iron lagged %-year.
{myp)-y,: bond yleld

In order to obtain an impression of the empirical
evidence regarding the lag between profits and in-
vestment activity, Graph 111. 6 has been constructed
from all cases where a “ free ” lag was used in the caleulations, i.e.,
where both profits without lag and with one-year lag! were intro-

Lag.

' Or, which comes o the s
profits. In Graphs 1II. 4 ap
separately, whereas in the ta
Wwith the influence of profits,

ame thing, profits and the rate of increase in
d 1, 5, the latter’s influence has been shown
bles (except Table III.10) it has been combined
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Graph 111, §.

“ExpPLANATION " oF IRoN AND STEEL CONSUMPTION.
GeErMANY, 1871-1912,
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vy fron and steel consumption, actual,
v;: iron and steel consumption, as explained by:
dg: dividend in 9% of capital

(Ad)__%: rate of increase in dividend in % of capital
{qi)-y,:  price of iron
(myp)_1.: bond yield

lagged % -year.

duced and the real lag was assumed to be the average of these two,
weighted by the regression coefficients corresponding to each.
- Graph I1I. 6 gives the frequency distribution of the lags found,
the average length of which is @bout eight months. This figure
supports fairly well the a priori reasoning in § 8.
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Graph I11. 8.
FreQUENCY DISTRIBUTION OF Lags.

Al

1.0 1.5 yeors

anntes

At this point, the validity of our general result,
The two  that profits have a large influence on investment
relations  getivity, may be discussed in a more general frame-

between  work. It is clear that, between these two variates,

profits and profits (i) and investment activity (9), there exists

mvte:st{:wnt another relation—viz., the definition (or, if one prefers
acitPity- ¢, the calculation) of profits. Writing
7 for consumption goods production

and _
| 3 for the general profit margin,

profits will be defined (or calculated) by the equation 1
Z=(3+9%.
Hence we would have two relations between profits and invest-
ment activity. - ,
This fact might give rise to doubts as to the value of the preceding
results in two respects: ' :

(1) Is it not possible that only the second relation between
profits and investment exists and that hitherto this has been
wrongly taken as an influence of profits on investment ?

(2) Granted that there are two relations, is there not reason

to fear that the coefficient found for the influence of profits is partly
attributable to the other relation ? :

It seems reasonable to answer both questions in the negative.

(1) Ashas b.een stated in the Introduction,? an essential element
of our method is that the variates playing a réle in each equation
1 For the purpose of our argument, it is immaterial whether or not slightly

different definitio N
2l 12, itions {or methods of calculation) are adopted.
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must be known on a priori grounds. This also applies here, Even
without any statistical evidence, few economists would deny that
there is a causal influence of profits on investment.

But let us suppose, nevertheless, that evidence on this point is
sought for in the statistics. A test should then be devised to prove
that the apparent parallelism between profits and investment
activity is not only due to the composition of profits but also to
the causal connection between the two variates. '

The obvious high correlation between Z and a combination of u,
¢ and z does not imply that each of these three variates is closely
correlated with Z.  If the other relation between ¢ and Z also exists,
it is to be expected that the correlation between ¢ and Z will be
closer than that between z or z and Z. In most cases considered,
however, u is closely correlated with v—as a consequence of what
has been called the “multiplier” effect—which results in the fact
that a high correlation between ¢ and Z also causes a high correlation
between u and Z and, hence, to some extent between the third

“variate z and Z. In these cases, therefore, the proposition cannot
be tested along these lines. Only where u and ¢ are not closely
correlated will the test be possible.

Such a case is that of Germany before the war (cf. Graph II1. 7,
left-hand part). The upper pair of curves compares profits—
represented here by dividends, d—with the a priori combination
u + ¢, and z (for lack of better data, z has been approximately
represented by the expression (p — Y;l,) where p is the general
price level, I, the wage rate, %, being approximately the wage
quota in prices). The three other pairs of curves compare d
with each of the variates u, v and z separately.

The correlation between d and the combination is close. Of the
three other correlations, that between d and ¢ is the nearest. This
i8 demonstrated by the following correlation coefficients:

Between 4 and combination: 0.80
" 9+% . 0.70
n & . 044

w P—Y L, : 064
w ¢ : 0.26.

"

n

”

FRAR
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The result is therefore favourable to our thesis, though not
strikingly so.

Another clear case is that of Germany in the years around 1929,
The fluctuations in profits (Z) may be accounted for by the
fluctuations in the factors & + ¢, volume of production, and p/i,,
the proportion between prices and wage-rates (following Donner,}!
who prefers the proportion to the margin). It1s especially noticeable
that the volume of total production is not correlated with home
investment (v) so closely as profits are (¢f. Graph III. 7, right-hand
part). .In this particular case, this must be ascribed to the fact
that 1929 already showed a decline in the internal business-cycle
position, whereas exports were even higher than in 1928. The
satisfactory correlation between profits and investment activity
—including, as a further variate, interest rates (m,) with a negative
sign—cannot therefore be a consequence of profits’ depending
chiefly on the volume of production and the latter’s depending
chiefly on the volume of investment; for the volume of production
shows a lower correlation both with profits and with investment
than these two series do with each other.

In most other cases for which data are available, the correlation
between u and ¢ is much closer. The only test possible in such cases
is to ascertain whether the correlation between profits (Z) and ¢
i8 higher than that between Z and z. This is found to be the case
for the United Kingdom before the war—where, however, the
figures for z are very unreliable—and for the United States after
the war, .

But, it must be repeated, the greatest importance must be

attributed to the @ priori argument to include profits in the
explanation of investment,.

(2) . The problem of the reliability of the coefficients when two
equatm‘ns exist between two variates arises also in the statistical
detel:fmnatio.n of supply and demand curves: the variates “ price”
and “ quantity exchanged ” occur both in the demand and in the
supply function. Often a doubt is expressed as to whether- in

! Donngr: “ Die Kursbildung am Ak

Konjunkturforschung, Sonderheft 36, tienmarkt », Vierteljahreshefte zur



Graph I[I. 7.

Tre Two RELATIONS BETWEEN PROFITS AND INVESTNENT.
GERMANY 1924-1930 aND 1871-1911,
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such a situation both relations are st_atistica]ly d.eterminab]e,
This doubt seems to be based on what happens in a special
case—viz., when both relations are supposed to contain no,
or no important, other variates, or whc?n, for lack of S-tatlstlcal
data, these other variates are left outside thf! calc.ula.tlons. In
fact, in such a case, only one statistical equation will in general
be found, and it would be difficult to maintain that this repre-
sents both economic relations.

In principle, this difficulty disappears, however, when, in at
least one of the relations, other important variates play a part,
provided, of course, that not exactly the same set of supplementary
variates occurs in both equations. As soon as different variates
occur in the two relations, statistical calculations will yield different
results. A special case is the one where the lags are different in
both relations. In the case of demand and supply relations for
one market, consumers’ income, or the price of a competitive
commodily will, e.g.,, occur as complementary - variate in the
demand relation, whereas, in the supply relation, cost of pro-
duction or productive capacity may come in. In some special
cases, these variates may be of only minor importance, but the lag
between price and quantity exchanged may be different for the
two relations, as was assumed to be the case for sugar in Professor
Schultz's investigations.

The doubt referred to above is the less justified the more
important the complementary variates are. And it is interesting
to note that if both relations actually contain only the two
variates, without differences in lag, these variates in general will
no longer be variates but constants, since, in general, two equations
are sufficient to determine the value of two unknowns.

In the case ‘of investment activity and profits, it is clear
that the relation representing the calculation of profits does
contain o?her variates—viz., those indicated above: production of
consumption goods and profit margin, There is therefore no

particular reason for doubt as to the significance of our co-
eflicients.

1 H. Scrvitz: Statistical Laws of Demand and Supply, Chicago, 1928.
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The regression coefficients found for iron prices
Coefficient sometimes show positive signs, which contradict
of price  theoretical expectation. But these results are pro-
of iron.  bably not significant, and simply illustrate the degree
of indeterminateness of the figures. This makes it
rather difficult to give figures for the elasticity of demand. The
coeflicients given in the tables are, owing to the method of measure-
ment employed, estimates of that elasticity corresponding to trend
values for the variates. None of the negative values is larger
than unity; those for the three European countries are all between 0
and — 0.5, and in the case of France they are more often small
positive than small negative numbers., The elasticity in those
countries must have been small. Tbe British figures are all between
+ 0.16 and — 0.31, and here it would appear that the elasticity is
below one-half. The significance calculations (see page 80 and
Table III. 10) indicate, however, that there is a wide range of
uncertainty, though, even in the worst case, there is about a 959
chance that the elasticity is below 0.90. The American post-war
figures are all between — 0.03 and — 0.36, which also suggests
an elasticity of less than one- half here also a rather large range
of uncertainty exists.

Tha clearest historical example of the influence of iron prices
on demand seems to be the upturn in demand in England in 1875,
which took place in full depression, and followed the heaviest drop
in prices among our observations. (See Graph IIIL 4 above.)

Even greater uncertainty seems to exist concerning

Coeﬂicwnt the coefficient of interest rates. Here again, French
of interest and German figures are centred around zero,
rates.  and American figures are not very far from it (cf.
corresponding columns in Tables I1I. 4—IIL. 9). Only

the English figures (relating to the influence of long-term
interest rates) show a decidedly negative tendency, again with a
large spread. Their median value is — 0.31 for the pre-war cal-
culations; the post-war figure is considerably smaller: about — 0.1.
The figure — 0.31 is in itself not a small figure: it means that a
reduction of 19, in the long-term interest rate would cause a 31%;
increase in investment activity. It should not be forgotten, how-

ever, that the largest fall per annum in the long-term interest rate
' 5



in any cycle before the war was 0.18°, and that in most cases it
was far less. i ] .
Not very different results are obtained in cases where share yield
has been introduced as representing the interesi rate, or where
both share yield and the short-term interest rate.have been used,
except for the United States in the post-war period. ' Here share
vields are found to have a considerable influence, p.osmbly because
i,hey showed large fluctuations in a direction opposite tc? the usual
(luctuations showed in pre-war times in Germany. This must be
altributed chiefly to the exaggerated stock-exchange boom in
1928-29, which forced the yields down to very low levels, and to the
confidence crisis in 1832, which resulted in very high share yields.
In addition, it must be noted that the fluctuations in share yield
did not show any correlation with short-term interest rates;
therefore the importance of share yield as an explanatory factor
does not involve any proof of the importance of interest rates in
the narrower sense. |
Finally, the question may be put as to whether the influence
found for a change of 1% in interest rates is the same as for a
change of 19, in profit rate, (i.e,, profits as a percentage of
capital). If it is true that the difference between these two rates
is the guide for investment activity, these two influences must be
about equal. Unfortunately, the question can only be answered -
for the cases where profit rates are known, i.e., for the United
Kingdom after the war and Germany before the war. Here the
regression coeflicients calculated on this basis compare as follows: .

Influence of 19 change in Profit rate _Long-term
interest rate

United Kingdom post-war 12 — 8
Germany pre-war 6 — 8

The result is not bad: the order of magnitude is the same, a
deviation in one direction being counteracted by a deviation in the
opposite direction. This would, in a sense, support the results
obtained.  For the United Kingdom before the war the coefficient
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of interest rates is about 3 times as great as that found for the

_ post-war period, but roughly the same proportion seems to apply
to the coefficient for profits.

Table II1. 4 (pages 68 and 69) enables us to compare

Comparison the results obtained for the four countries studied.

between Most of the differences between these results are

countries. hardly significant, the most important being probably

. the difference in lags in the influence of profits. In

particular, the lag of one year found for the United Kingdom

(post-war) is decidedly Ionger than in most other cases. In addition,

the influence of the price of iron and interest rates seems to be
smaller in Germany and France than in England.

Table 111. 5 (pages 70 and 71) shows an interesting
Comparison difference in the lag with which profits enter into
between  the English explanations of pig-iron production
production and consumption. Production reacts to profits
and much more quickly than does consumption. It
consumption follows that consumption probably lags behind
of pig-iron. production. One has the impression that the
fluctuations in foreign demand for British iron
must have had a leading influence on the business position in
the United Kingdom. In the case of Germany, on the other
hand, the difference in lag is much smaller. Apart from this
difference, no essential feature emerges from Table IIL. 5. As
was to be expected, the influence of profits is greater on
- consumption than on production, the difference being greater
in Germany than in England.

‘ Table: I11. 6 (pages 70 and 71) shows comparable
Comparison figures for three periods: (i) before 1895, the turning-
between  point of the “ long cycle ”, (ii) between 1895 and the
periods.  war, and (iii) after the war. If structural changes have
occurred in the relation investigated, they must be

reflected in changed coefficients. If, e.g., it be true that investment
activity at present reacts more violently to profit changes than it did
before the war, this would be translated into a larger regression coefli-
cient for profits. Unfortunately, it is almost impossible to ol?tain
comparable figures for the pre-war and the post-war periods.
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“ EXPLANATION " OF INVESTMEM

Table IIL

Note.— All series are in %, deviations from trend, except series (9) and {10
indicated in brackets after each coefficient; when the lag has been determine

Correlation

Country Period Series exphained coeml{:ient
¢H &) {3 (4}
Unifed States 1919-1933 Production of pig-iron 0.94
" " Investment activity @ ©0.98
United Kingdom 1871-1910 Consumption of pig-iron 0.75
. 1920-1936 N N 0.90
Germany 1871-1912 . . . © o 0.87
United States - 1895-1913 Production of pig-iron 0.77
Germany 1871-1912 Consumption of pig-iron - 079
France 1871-1908 . 0.8t
United States 1895-1913 Production of pig-iron 0.76
Germany 1871-1912 Consumption of pig-iron - 0.83

E—

a Flow of producers’ and consuimers’ durabie commodities, building excluded.
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ACTIVITY, SECOND STAGE.

Comparison of Countries.

which are in absolute deviations from trend in units of 0.019,
“freely ¥, the coefficient is in italics.

The lag in years is

| Regression coeMcients and laga of:

profts | PGRaROuS prices Dlaciron | tnterest vate | tntercat rate
) (6) M (8) 9 (0

10.29 (%) — 0.03 (%) t—0.32 (%)
10.28 (1) — 0.36 (%) t-—-0.05 (%}
3.24 (0.8) — 0.31 (%) —0.26 (%)
1.17 (1) —0.24 (%) —0.08 (%)
0.53(0.9) —0.23 (%) — 0.08 { %)}
0.85 (1) | — 0.51 (%) —0.27 (%)
0.72{%) | —0.13 (%) 0.21 (1)
0.94 (0.9) 0.10 (%) —0.08 (%)

1.05(0.48) | — 054 (%) | 0.02(%)

0.61{03) | —0.17 (%) | 0.06 (%)

1 Intercorrelation between 0.75 and 0.80,
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“ EXPLANATION ” OF INVEsSTMENT

Table 1II. 5. Comparison of
Note. — See nole to Table 111, 4.

Correlation

Country _ Period Serles explained em-ﬁ;{.ient
) H "y (1)
United Kingdom 1871-1910 Production  of pig-iron 0.79

. " Consumption ,, . 0.75 -
Germany 1871-19127 Production . » 0.75
. - Consumption ,, " 0.83
France 1871-1908 Production w o (.69
- - Consumption ,, ,, 0.81

Table III. 6. Compatrison
Note, — See note to Table 111, &.

) Correlation
Country Period Rcries explained coell}cit'nt
R
(1 &) 1) {4)
United States 1877-1895 Production of pig-iron 0.75
" 1 1895-1113 1] 1] 11 0.68
" " 1919-1924 " " " 0.83
" ' 1919-1933 v " " 0.61
United Kingdom 1871-1895 Consumption of pig-iron 0.77
W 1896-1910 " wo 0.68
" L 3] 1920"1936 " " 'y 0-90
Germany 1871-1893 Consumption of pig-iron 0.90
" 1895-1912 " . 0.88

t Intercorrelation between 0.75 and 0.R0,
# Because of the lack of correlation. the calculation of a lag has no point in this case.



ACTIVITY, SECOND STAGE.

Pig-iron Production and Consumption,

. Regression coefMcients and lags of:

LI
pronts | PORIROUT | shareprices | DR Of | hortitern | et
® (6} (M (8) (9) )
1.96 (0.1) — 0,17 (3} — 0.39 (%)
3.24 (0.8) —0.31 (Y%} — 0.26 {\3)
0.23 (%) 0.08 {14) | — 0.01 (%)
0.53 {0.8) — 0.26 (%) 0.02 (%)
0.49 10.1) 0.17 (%) — 0.03 { ¥}
0.94 (0.9) 0.10 (%) — 0.08 (Ya)
of Various Periods.
Regression coefliclents and lag of:
profits | MORAbONr | shareprices | BECROT | MOTTie | interest rate
(5) (6) (N (%) 9 (o)
0.94 {0.2)
0.74 {0.2)
2.71(0.3)
0.18¢
3.29 (0.8) .1 —0.33 (%) — 0.56 (13)
‘ +1.43)ad 0.1) t—0.11 (%) — 0.07 (Y2}
117 (1) — 0.24 (%) — 0.08 {13)
10.31 (1) 10.10 (%) 0.02 (}2)
0.90 (1) 0.13 (%) | —0.03 (%)




Profit figures for the United Kingdom and for the United States
us used in post-war calculations are not available for pre-war years.
Share prices, which in pre-war United States could prohal?ly be
used as an indicator of profits, are no longer representative of
profils in the entire post-war period, as they are quite out of l.ine
at the top of the 1929 boom. Asa consequence, (i) the correlation
obtained with share prices is no longer good and (ii) the regression
coefficient obtained for the period 1919-1933 is quite different
from that oblained for the period 1919-1924. The intensity with
which investment activity reacts to share prices would seem to
have decrcased as compared with pre-war times according to the
figure for the whole period, whereas it would seem to have increased
very much according to the 1919-1924 figures. For the United
Kingdom a post-war estimate for “non-labour income” by
C. CLark,! which is about comparable to pre-war figures, leads to
a regression coeflicient considerably lower (1.36). There is therefore
some evidence of a more intensive reaction after the war in the
- United States and a less intensive in the United Kingdom.
Comparison of the figures for the two pre-war periods shows
that the coellicient for profits after 1895 is, in Germany, consider-
ably higher than in the period before 1895, slightly lower in the
United States and considerably lower in the United Kingdom. The
American coeflicients for the two sub-periods, as well as the
1871-1895 English coeflicient, are in line with those for the entire
pre-war period; the 1896-1910 English is quite out of line and,
moreover, a lead instead of & lag has been found here between profits
and investment. This lead may, however, be interpreted as an
influence of the rate of increase in profits. In addition, the British
business-cycle pattern was rather weak, partly perhaps because the
Boer war counteracted the 1901 depression;* with less pronounced
fluctuations, disturbing elements become more important and the

results less reliable. Anyhow, the result for the period 1896-1910
is not satisfactory. '

! National Income and Outlay, London, 1937, page 60,

"( . Graph I11. 4. Kt shows that pig-iron consumption fell only by about
109 from 1899 1o 1901, whereas it fell by some 20 to 309% in the crises pre-
ceding 1901 and by 40%, in Germany, ef. Graph 1. 5, in 1901, The employ-
ment figures also showed the smallest fall ever seen in a crisis.
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It has already been mentioned that one of the

lEa:_tra- . calculations for the United States has been extra-
P Zeatéon.tz polated in order to cover the years 1934-37. In
¢ St tm other words, the regression coeflicients for the period
19; {;‘;’7 1919-33 have been applied to subsequent years
% {cf. Graph IIL. 8).
‘ Graph I11I. 8.
“ExpLANATION ¥ oF PIG-IRON PRrRODUCTION,
UNiTED STATES, 1919-1937,

+20

o

-20
-40 «20

v pig-iron  production, ac-
tual. Q
% p’ﬁﬁ?in&mﬁ;?mn' = -20
(Z)_y, : proiits +20 -40
gy : price of iron § 1agged o Ml {25

Ya-year.
(mpp)_y, : bond yleld -20} | 420
t:

trend. 4,-(" ) o
~0.32(my )
_\/ % +4-20

¢« 20} -y
. -1320
. . O e —
-20F . —4+20
A = Calculated. Sl A B -sf-20
B = Extrapolated.
i [ O O O O | L1 [ |
1920 1930 A

As Kuznets’ estimates of investment activity are not available
after 1933, it was only possible to extrapolate the calculation for
pig-iron production. One of the determining factors in the calcula-
. tion being total profits, these had to be estimated for 1936 and _1937.

1 It has not been possible to make use of the figures that have recentl
been published by Kuznets in National Income ard Capital Formation in the
United States, 1919-1935.



“ ExXpLANATION ” OF INVESTMENT

Tabie 1II. 7. Comparison of

Note. — See note to Table I11. 4. — Series (11) is in absolute deviations trom
Country Perlod Serles explained 2‘(‘)’;‘;‘[’]';?3:'

() ) (3 (%
United States 1877- { Upward Production of pig-iron 0.86
1913 | Downward o » » 0.78
United Kingdotn 187t- ; Upward Consumption of pig-iron 0.79
1910 ) Upward v . " 0.78
’ Downward . ' . 0.59
Germany 1871- { Upward Consumption of pig-iron 0.90
1912 { Downward ' * s 'e 0.89
France 1871- { Upward Consumption of pig-iron 0.85
1908 } Downward . . ' 0.79

t Iutercorrelation between 0.5 and 0.30,

* Multiple correlation over 0.80.

Table III. 8. Comparison of

Country I'eriod Series explained S‘;ﬁﬁﬂgﬂ:‘
() §3] 6] ILHI
United States 1877- 4 Upward Production of pig-iron 0.78
1913 { Downward " o a 0.60
United Kingdom 1871- { Upward Consumption of pig-iron 0.68
1910 { Downward " " " 0.53
Germany 1871- { Upward ~ Consumption of pig-iron 0.84
1912 { Downward " " ' . 0.8%
" 1871- 4 Upward " v .0.72
1912 ! Downward " " " 0.85
France 1871- { Upward Consumption of pig-iron 0.81
1908 { Downward . 0.75




ACTIVITY, SECOND STAGE.

Upward and Downward Phases L
trend, in units of 0.01%; series (12) is in %, deviations from trend,

— 75 —

Regression coefficients and lags of:

hare ; t sr!nrt-term long-term ) buildi
pottsa | anar | Dichon | interest | Cinterest” | shareyieia | S
(5) N (8) (9 (o0 (n an
*0.26(0.3)} *0.42 —0.03 (1) *0.27 (0)
0.69(0.9)| 023 0.01 {14) 0.55 {0)
2.46 (0.8) 0.16 (1) —0.27 ( %)
2.79(0.8) : —0.29(1%)
1.38(0.8) —0.31 (%) .
0.36 { 1) 0.04 {4) 0.13{1Y%)
10.54 (1) 0.04 { 15) 1—0.03 (14)
0.88(1.3)| 0.27 (%) —0.29 (%)
+3.1510.7) |—0.36%( %) 0.25 (%)

4 Unpited Kingdom: non-labour income.

Upward and Downward Phases II. °

" Regression coeflicients and lags of:

profits hcome prices
) (5) M
0.73 (0.2)
0.58 (1.2)
2.24 (1.5)
1.41 {0.7)
046 (3)
041 (1)
0.57 { %)
0.58 (%)
1.92 (0.8)
2.24 (0.7)
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The estimale was based on two very high correlations found for the
period 1919-1933, which held also for 1934 and 1935.. The ﬁ'rst
“ explains ” profits by (1) total receipts of all corporations during
the same year and (2) total receipts during the preceding year.
The inclusion of lagged receipts is justified by the fact that
“ total deductions” {i.e., the amounts to be deducted from total
receipts in order to obtain profits of all corporations) are very
closely correlated with receipts lagged over a few months, since
they represent an “ adaptation of costs to receipts ” which takes
some time. The second correlation is between “ total receipts of
all corporations ” and |

(1) Index of industrial production (Federal Reserve Board),

multiplied by index of wholesale prices (Bureau of Labor
Statistics); and

(2) Department-stores sales.

This latter eorrelation served to estimate total receipts for 1936
and 1937, which in turn determined the estimate of profits for 1936
and 1937. The result of the extrapolation is shown in Graph III. 8.
The general direction of actual and calculated production of pig-iron
is the same, but there seems to be a more or less systematic difference
in level which might reflect the result of the changed structure.

Tables I11. 7 and 111. 8 (pages 74 and 75) give com-
Comparison parable results for two sets of years; those showing a
between  lower, and those showing a higher, investment figure
phases.  (measured in deviations from trend) than the preceding
year. The former set of years is called “ downward
phases ”, the latter “ upward phases ” of the cycle. As the calcula-
tions for upward and downward phases are chiefly intended to be an
illustration of the degree of uncertainty in the general results, it did
not seem worth while lo construct bunch maps, etc.” As in Tables
I11. & to I11. 6, only cases in which the correlation coefficients be-
tween the “explanatory " series do not exceed 0.80 have been
included, in order to exclude—although admittedly only in a very
rough way—cases of multicollinearity. Some of the cases given
in Table 111. 7 ave probably still unreliable, however, in that respect,
and Table 111. 8 has therefore been added; in this table, only the
chief variate—profits—or a representative series is employed, and
multicollinearity is therefore impossible.
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No systematic differences can be discovered. The regression
coefficients of profits in Table 1II. 7, although rather divergent,
do not differ from those for the whole period by more than three
times the standard errors of the latter (¢f. Table 111. 10) in the case
of the United Kingdom and Germany., For the United States
and France, the results of either the upward or the downward
phases are very uncertain because of a high intercorrelation between
some of the explanatory variates. In Table III. 7, downward
phases show a lower coefficient for the United Kingdom and
a higher for Germany and the United States. These differ-
ences disappear, however, almost entirely in Table III. 8, except
for the United Kingdom. The coefficients of the secondary
factors sometimes show larger relative differences, but even these
are not significant, as the coefficients -are rather uncertain (cf.
standard errors, Table III. 10), the only possible exception being
the influence of building in the United States. It is therefore
difficult to obtain evidence regarding the necessity of explaining
downward phases by other relations than upward phases,

Table I11. 9 (pages 78 and 79) gives, for a few cases,

Inclusion  the successive results obtained if more and more

of more  variates are included in the explanation. It is chiefly

variates.  intended to show the great importance of profits as

' against the other variates in the “ explanation ”, and

the relatively small improvements in correlation and the small

change in regression consequent upon their inclusion. Nevertheless,
these improvements will prove to be significant.

" Graphs IIL. 9 to III. 11 represent partial scatter

Partial  diagrams (cf. Chapter II, § 5) for three cases. As has

scatter  already been observed, they enable us to test whether

diagrams. the hypothesis of rectilinear relationship is fulfilled or.

not. It may be seen from the graphs that there is no

wide departure from rectilinearity, but that nevertheless a tendency

to curvilinearity is present in a number of cases. The graphs contain-

ing the price of iron as the independent variate represent the demand

curve for iron. (This is not quite correct in the case of the United

States as the investment index includes other investment goods,

but, owing to the rather large parallelism between the production of

the various kinds of investment goods, the error cannot beimportant.)



Note. — See nole to Table 1II, 4 and 111. 7

“ EXPLANATION

”

OF INVESTMEN?

Table IiL. 9. Influencs of

A stands for ‘‘ rate of increase in",

Correlation
Country Period Serfes explained coeﬂllfiem
M ) (3) (4)
Uniled States 1919-33 Investment activity ? 0.97
1 1) 0-98
't (R} 13
1" " [} * s 0-99
United Kingdom §871-1910 Consumption of pig-iron 0.59
1 " ) 13 T 0.65
" " ¥
" " »r v 1) " 0‘75
Germany 18711912 Consumption of pig-iron 0.79
" sy 'y " (13 0-79
1 [ 2] 1 2] 1 " - 0-83
" *t (3] ”" " 0-85

a For United Kingdom, non-tabour income,
b Flow of producers’ and consumers’ durable commodities, building excluded.

Table III. 10. Results of Significance Calculations: Serial

Regression coeflicients, with
Corre= .
Serial

, lutk - -lab
cam | | omidlon | pos | Capns | NS
() ) n (4) (5) (6)
1 0.99 (—0.46 + 0.27)0.24 1 0.02 (1)
11 0.77 0.01 1 0.20 3.29 +0.84 {1}
111 0.75 0.16 + 0.16 3.24 +£0.58 (1)
v 0.90 0.00 + 0.25(1.17 +0.17 {1)
A’ 0.87 0.43 £ 0.16/0.53 £0.09 (1) |—0.20 +0.11( %)

II United States, Investment activity a. 1919-1933.

l} United Kingdom, :8?: :ﬁlﬂ

1
1v

Consumplion of pig-iron,

19:20-1%38.

Y Germany. Consumption of pig-iron, 1871-1942,

a Flow of producers’ and consumers® durable commodities,

building excluded.

.



TIVITY, SECOND STAGE.

nber of Variates included.
ies (13) is expressed in % of average level ol price of pig-iron during period.

—_79 —

Regression coeflicients and lags of:

- hort-t ] -ter|
srofits ¢ | share prices l;’irg'_“'i';o‘:‘f s igE;{:;rtm ?ﬂggza:n share yleid p-\lg?'l::oc:
(5) (7) - (8) (9) (10) (11) (13)

31 {33)
28 (Ya) c —0.04 (1)
2% (1) — 0.25 { %) |— 0.05 (%4} — 0.08 {%)
82 (0.6)
90 (0.8) — 0.33 (44)
24 (0.8) — 0.31 (%) — 0.26 (1)

0.59 (1) ,

0.59 (%) 0.00 ( %) -

0.61(0.3) |—0.17 (%)l  0.06 (%)

0.56 (0.9) |[— 0.15 ()| 0.03 (%) 0.35 { %)

rrelation of Residuals and Standard Errors of Regression Coefflcients.

ir standard errors, and lags of:

Long-term

—0.24 +0.14( %)

—0.23 £0.17(1)

—-0.08 £0.10( %)

—0.08 +0.14(%)

: Non-Tah Pri f Short-t
5“90“150}1 ) Dlrsgfroon inte‘:'est e:a:rl'e interest rate Share yleld
o) ) © (10) ()
—0.25 £0.12( %)|—0.05 +£0.02(15) —0.08 +£0.02( %)
342054 (1) |—0.33 £0.13( 1) —0.56 10.49( %)
$6.£0.42 (1) |—0.31 .0.10( %) —0.26 +0.14( %)
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B. Significance calculations.

Table I11. 10 (pages 78 and 79) gives details regarding the signi-
ficance calculations made. These have been restricted to five cases
which seem representative and call for the following comments.

_ First, the serial correlation for the series of the

Serial residuals has been calculated; i.e., the correlation of
correlation that series with itself if lagged one year. This
for calculation serves to test the hypothesis at the basis
residuals. of Fisher's theory—viz., that the residuals are to be
considered as sample drawings from a “ normally

distributed universe . At the same time, it gives information as
to whether the regression chosen satisfies the scheme of the shock
theory (cf. § 7). In order to see whether the serial correlation differs
from zero to any significant extent, the serial correlation coeflicient

1
v/N—1
It then appears that the greatest deviation from zero is found for

Germany before the war, where the result is, however, still within
a distance of three times the standard error.

The standard errors, calculated with Fisher’s

Standard  formula (cf. Appendix A, § 4) are such that all the

errors. regression coeflicients for profits or the series replacing

them are with a very high probability significantly

positive: in all five cases, the regression coefficients are more than
three times their standard error.

Only five out of ten coefficients tested for iron prices and
interest rates are rigorously significant, i.e., with a probability of
over 85%. This fact is illustrated by Graph III. 12, where for
each case the ranges within once the standard error on either
side of the regression coeflicient (i.e., b + o,) have been indicated in
black, those within twice the standard error (i.e., b + 20,) by shading.
It will be seen that five of the latter areas go beyond the zero point.
Nevertheless, there is more probability of the regressions, being neg-
ative.'} Moreover, it is satisfactory to the statistician that {he range
of error is generally smaller for post-war than for pre-war figures.

has to be compared with its standard error, which equals

' Cf. M. R, BARTLETT: “ Some Aspects of the Time Correlation Problem ",

Journal of the Royal Statistical Society, 1935 (98 i
T. Koormaxs, loe. cit., page 129, Y > (% page 557, quOt}?d "
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Graph 111. 9.
Partial scatter diagrams.

INvESTMENT AcTiviTY: UNITED STATES, 1919-1933.
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Graph 111. 10.
Partial scatter diagrams.

Propuctrion of PiG-TRoN: UNITED

Kincpox, 1920-1936.

Ordinalss Abscissm
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Graph 111, 11.
Partial scatter diagrams.

ConsumprioN oF Inon anD SteeL: Unitep Kinenou, 1871-1910.
Ordinales Abscissm

i Consumptien of pig-lron, I Non-labour income _ 4
IT [ ¢orrected for inNuence of II & pon-tabour Income _ 4

111 other “explanatory vari- III Price of plg-iron _ 1/
Iv | ates”, i.e. celeris paribus. IV Long-term Interest rate_ 1/,

I

|
SOM 8290
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Graph. I11. 12.

Recnession COEFFICIENTS AND RANGES OF INCERTITUDE.

Regression Coefficients of Iron Price.

|
United States, 1919-1033, L. . . . @%
Unlted States, all cases. . . . . L H _

United Kingdom, 1871-1895, II.
Unlited Kingdom, 1871-1910, IIL.
United Kingdom, 1920-1936, 1V.
United Kingdom, all cases.
Germany, 1871-1012, V.
Germany, all cases, . . . . . .
I'rance, all cases, . . ... ...

| I | |

Regression Coefficients of Interest Rate.
A. Long-term, in 0.01 %.

United States, all cases, . . . . .
United Kingdom, 1871-1895, II.
Unlted Kingdom, 1871-1910, III.
United Kingdom, 1920-1936, IV,
United Kingdom, all cases, . . .
@ermany, 1871-1912, V. . . . . .
Germany, allcases. . . . . . ..
France, allcases, . . . . .. ..

Regression Coefficients of Interest Rate.
B. Short-term, in 0.05 %.

United States, 1919-1983, 1. . . . m ‘J

Unlited States, all cases, . . . . . | [
Germany, all cases, . .. .. .. L H

-~

T T 4. T
£ o +10
<L 8566

Explanation: Black range: range between

bandbto, .....
Shaded range: r:nge betwien ) ‘-‘Hl?l;?;‘dcasa where o has been calcu-
band b4 20, . . . . . \ (cases I-V, table III. 10).

Solld line : 08t-war resu
Broken line : 1|;1'e>-war reamlat { tor all cases.
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Graph 1I1. 13.
Bunch map.

INVESTMENT Activity: UNIiTED STATES 1919-1933

{ = Investment activity (flow of durable producers’ goods to enterprises, plus flow of
durable consumers’ goods to enterprises and households),
2 = Proﬂtl__”'. 3 = Price of irom_;,,. 4 = Short-term interest rate_.,..
5 = Share yleld_y;,.

12245 s0m #3839
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In Graphs III.13 to III. 16 a number of bunch

Bunch  maps are reproduced.

maps. Graph I11. 13 (page 85), relating to one of the United
States post-war calculations, is very satisfactory, and
even more 8o il—following Koopmans’ argument—only the beams
with numbers 1 and 2 are considered. In fact, in the 5-set (the cose
including all five variates) they coincide almost entirely, indicating
a high degree of determinateness of all regression coeflicients found.
These findings are in close agreement with the findings on standard
errors. '

Graph I1I. 14, relating to the post-war calculation for the
United Kingdom, is also very satisfactory, and the above observa-
tions apply. This case is particularly suitable for illustrating
Koopmans’ result regarding the minor importance of beams
corresponding to variates which exercise only a secondary influence.
Table I11. 11 shows the coefficients of the four elementary regression
equations, together with the probable limits to the true regression
coeflicients that take into account both the error of weighting

Graph 111, 14.
Bunch map.

ConsuMrrion or InoN AND STeeL: UniTep Kixcpom, 1920-1936.

1 = Consumption of lron and steel. 2 = Profits_4. 3 = Price of fron_y,
4 = Long-term Interest rate_y;.
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and the error of sampling in these coeflicients. For the calculation
of these limits, see Appendix A. 5. The assumption underlying the
calculation of the limits to the error of weighting is that the standard
deviation of the disturbances in each of the three explaining
variates is not greater than a third of the standard deviation
of the corresponding variate itself. Allowance for sampling errors
of regression coefficients has been made by extending the limits to
both sides by twice the standard error of sampling.

Table II1. 11. Probable Limits to the True Regression Coefficients.
Consumption of Iron and Steel: United Kingdom, 1920-1936.s

2 3 ]
Price of | Long-term
Explaining varlate Profita_y lmn_% interest
. rate_s
st . . . .. .- elementar 117 —.24 —.07
ond. . ... rary 1.49 —29 | —.07
Sed. .. ... .. . . . ( Fesression 146 | —131 | —21
Gth........... | coeflcint 1 | —o0r | —1
Limits to the error of ‘
weighting given by { upper. . . . . 149 | —.07 —.07
ultimate beams in { lower . . . . . Al —1.31 —1.74
bunch map -
Maximum fraction of standard deviation .
admitted for disturbances . . . . . . 1/3 1/3 1/3
Narrower limits to the error of weighting:
According to the | upper. . . . . 1.34 —.07 —.07
rule of thumb lower . . . . . .99 . —.28 —.09
According to the { upper. . . . . 1.28 —.24 —.07
strict rule \ lower . . . .. 117 —.28 —.09
Final limits including upper . - . . . 1.62 04 42
allowance for samp- ] : 84 —56 —.28
ling errors ower . . . . . . . .

& For units, ¢f. Table IIT. &.

Graph III. 15 concerns one of the calculations for the United
Kingdom before the war. It is certainly less good than the post-
war cases: the beams spread much more widely. Nevertheless the
result indicates the significance of all coefficients found. Here,



it is interesting to see how the direction of the relation between
variates 1 and 4 (consumption and price of iron) is changed by
the inclusion of the other variates; even if only 2 is added
(c/. set 124). The significance of variate 3 might be doubted,
but if only the beams 1 and 2 are considered, the regressiop coeffi-
cient for 3 is again very well determined.

Graph I11. 15,
Bunch map.
Consusprion of Tanon axp Steer: Uniteo Kincoow, 1871-1910.

{ = Consumptlon of iron and steel, 2 = Non-labour income_,
3 = A non-labour lncOme__i,.. 4 = Price of Iron_y. 5 = Bond yield__y,.
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Graph III. 16, concerning one of the German (pre-war) calcula-
tions, is very similar to Graph III. 15. The spread of the beams is
about the same; the relation between variates 1 and 4 is also reversed
by the introduction of other variates and the regression coeflicients of
variates 3 and 5 are well determined if only beams 1 and 2 are con-
sidered. But the bunch map for Germany is less satisfactory in that
the relation between variate 1 and variate 2 (profits) is not im-
proved by the addition of any or all of the secondary variates.

Graph III. 16. Bunch map.
ConsumpTION OF IRON AND STEEL: GERMANY, 1871-1912,
1 = Consumption of tron and steel. 2 = Dividends_qf,. 3 = 2 dlrldendl__lh.
& = Price of lron_._;h. 5 = Long-term interest ral.a_;,'.
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CHAPTER 1V

RESIDENTIAL BUILDING

§12. THE RELATION TESTED

The example to be considered next relates to a
Only private special type of investment activity—namely, the
building  construction of dwelling-houses. So far as possible,
studied.  the investigation has been confined to private
activity in this field, as building by public authorities

and societies may be governed by different considerations.?

The “explanatory factors” included may be

Two groups scparated into two groups. The first group consists
of “explan- of some factors which roughly determine the profita-
atory”  Dbility of owning houses. In a perfect market, this
variates.  would be the most natural incentive to build. The
second group forms, in a sense, a corrective to the

first group, necessary because of the imperfection ‘of the market.

Theprofitability of owninghousesdepends chiefly on:
First group  (a) The rent level;
of () The cost of maintenance;
variates. (¢} Interest payments and
(d) Amortisation,

The amounts of interest payments and amortisation will first of
all depend on the level of building costs; amortisation may be

.l In pre-war time, building of dwellings by public authorities was non-
existent or insignificant. For the post-war period, no detailed figures are
available for the United States, but State intervention started only in 1933
and was rather indirect. For Sweden, the data for 296 cities cover all resi-
dential building, but those for Stockholm relate to private building only.
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said to be a fixed percentage of the latter—which will be not far
from 19,,! whereas interest will be the product of three factors, viz.:

(1) building costs;
(2) the percentage of building costs which on the average will
be covered by mortgages; and

(3) the interest rate for mortgages.

It is rather difficult to get exact series on the cost of maintenance,
but in general it will move about parallel to building cost, as it
includes many elements also included in the latter. Its level may
be roughly estimated to be about 19, of building cost per annum.

It follows from the above that the following series

Seri should, first of all, be included in the “ explanation ":.
eries
included. (1) The rent level;

(2) The cost of construction; and
(3) The rate of interest on mortgages.

Their relative “ influence ” may be deduced from the regression
coefficients which will be calculated.

It may, however, also be determined by a priori
A priori considerations, based upon the structure of the profit
determination account for holding houses.
of relative  Indicating the construction costs of a certain house
influence. by 100, this account will approximately show items
of the following order of magnitude:

Receipts: rent . ... . . . 8
Deductions: amortisation and
maintenance . . . . . . - 2

interest on mortgage . . . 0.7myp, where myp represents
the interest rate.

If rents are measured by an in(jex mg, with average my = 100,
construction costs by an index g with average ¢ = 100, and

1 This figure may be somewhat too low in some cases; what matters, however,
for the calculations is the total of amortisation and maintenance, which has
been taken at 29 (see below). .
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interest rates m,p in natural units (per cents), then profits, in
per cents, from the holding of houses will be represented by

0.087, — 0.0275 — 0.0077pup =2
This expression may be also written as
0.08 (my + my) — 0.02 {qs + 5) - 0.007 (g5 + 9s) (mup + myp)

where the unbarred minuscules indicate deviations from average
or from trend, These deviations will, in general, be small in
comparison with the average values, and therefore their mutual
products may be neglected. We then get:

Z = (6— 0.7my) + 0.08my — (0.02 + 0.007my3)qs ~— 0.7myp-

The first term in brackets is a constant, the average value of
the expression: 2 =6 — 0.7my 3. The deviations may as usually
be indicated by z:

g = 0.08my — (0.02 + 0.007myp) g5 — 0.7m 5.

The value of myp will change from case to case, but usually it
is of the order of magnitude of 5, which leads to

= 0.08mn -— 0.055q; - 0.7mea

Two sorts of calculation have been made; calcula-
Two sorts of tions using my, gp and myp as separate variates

calculation. (Table 1V. 1), and calculations using z in their place
(Table IV. 2). '

Apart from these variates, a second group has
Second group been included. Their inclusion is due to the imper-
of variates. fection of some of the markets which play a réle in
_ our problem.
The variates of the second group are:

(4) The number of unoccupied houses (k') or the total number
of houses present (A);

(5) Some income series (E).
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The reason for including the number of unoccupied
Imperfection houses is that it may directly discourage building,
of market  even if rents, building costs and interest rates are in
for housing a favourable relation to each other. In a perfect
services.  market for housing services, such a situation would
not occur: rents would fall. The stickiness of rents,
closely connected with the long duration of letting contracts and
further imperfections in this market, prevents such a rapid adapta-
tion and, consequently, the number of unoccupied houses is a
largely independent factor which also influences building activity.
In one of the cases where no series for empty houses was available,
the total number of houses could be included, after elimination of
its trend. The trend elimination, together with the inclusion of an
income series, forms a rough correction for the need for dwellings
in that case.? o .
Income series are also included with another intention: they
represent a demand factor, in so far as a number of houses are not
built for letting at all, but by their future occupants. In the
United States, about 509, of all inhabitants live in owned houses;
it was estimated that about 759, of the new dwellings built during
the last building boom in England were not for letting. Again
this may be called an imperfection of the market for housing services.

<

In some investigations by other authors, explana-
Imperfection tory series have been included which are connected
of credit  immediately with the imperfection of credit markets.
markets. An extreme case is the one treated by Professor
C. F. Roos,* concerning St. Louis, where, for the

period studied, mortgage rates had not moved at all. Professor
Roos includes instead the “ foreclosure rate ”, giving the number

! The number of family units is often used as an indication of the * need
for dwellings. As long, however, as family incomes are not taken into account,
the number of family units reflects potential rather than actual demand;
although the distribution of income over the various items of the budget is
of course influenced by the number of families. For long-term investigations,
it may be a useful guide; for an analysis of fluctuations it seems less important,
a5 the number of family units usually develops smoothly. An exceptional
growth of the number of family units is, however, regarded as one of the
causes of the * building boom ” in the United Kingdom from 1933 to 1936.

* Dynamic Economies, Bloomington, 1934, pages 69-110.
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of foreclosures per 100,000 families. This rate be considers as a
good inverse index of the willingness of banks to grant credits.
A closer investigation shows that it is highly correlated with the
number of unoccupied houses a short time before, which seems
quite natural. In a sense, therefore, this factor is already included
in our series k', provided we take the right lag.

A number of authors lay stress on the general state of confidence
as a factor of importance, because of its close relation to the
willingness to grant credits. This factor may be introduced in
two different ways. As far as the fairly systematic changes in
confldence during the business cycle are concerned, the income
series will be a good index; and it has already been included.
As far as acute and specific confidence crises occur, the years
in which they have presented themselves may perhaps best be
excluded. As a test, it may be investigated afterwards whether
or not these years show, as compared to “ calculated ” building
activity, an abnormally low level.

} Finally, it may be stated that the selection of the
Profits of explanatory series, based as it is upon the profita-
owning  Dbility of owning houses, presupposes that the market
houses  for houses so nearly approaches perfection that the
and of  builder acts in the same way as the future owner of
constructing houses would have done: i.e., it is assumed that his
houses,  behaviour is not deflected by imperfect foresight with
regard to the possibilities of selling the houses which
he builds. This assumption cannot easily be avoided, as the statisti-
cal material available for prices of houses—and it is prices, not rents,
which directly influence the mind of the builder—is very scanty.

Several authors have pointed out the existence of

Long and a specific building cycle of fifteen to twenty years
short waves. duration,! on which fluctuations of lesser duration
_T.rcnd would be superimposed. The present investigation
elimination. has not been directed specially to the study of these
long waves. For post-war years, the actual move-

ment of building activity, without any correction for trend or long

* /., e.g, C. F. Roos, loc. cit.; J. R. RicoLexan, “Building Cycles in the

Uniled States 1875-1932", Journal of the American Statisti in |
' t
Vol. 28, pages 174-183. tean Statistical Association,
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cycle, has been explained. For pre-war, the secular trend has
been eliminated, leaving both long and short waves to be studied.
In the case of Sweden, however, satisfactory results were only
obtained when the long cycle was in turn eliminated, by the use
of moving averages of variable length. In this case, therefors,
conclusions apply solely to short waves.

§ 13. THE StaTisTiCAL MATERIAL

The countries and periods studied are:

Pre-war: Germany (Hamburg) 1878-1913 (thirty-

Couniries 8iX years); )
and periods. Sweden (Stockholm) 1884-1913 (thirty
years).

Post-war: Unifed Kingdom 1923-1935 (thirteen years);
United States 1915 or 1919-1935 (twenty-one or seven-
teen years); , ,
Sweden 1924-1936, 1933 excluded * (twelve years).
In addition, extrapolations for 1936 and 1937 have been made for
the United States and the United Kingdom.

The following table indicates the series which have

Description . -
P! been used to represent: (i) the volume of building
of series. . .
- and (ii) the explanatory factors mentioned above.
Volume of Building.
Country and period Description of serles Source
Germany, Net increase® in total  Huwscma, Die Dynamik ,
‘. pre-war number of “rooms” ? in des Baumarkts, Viertel
Hamburg. jahreshefte sur Konjurktur-
forschung, Sonderheft 17.
Sweden, Total number of newly  Statistisk Arsbok for Stock-
pre-war built rooms or kitchens in Aolms Stad.
Stockholm,

. ; The year 1933 has been excluded in all calculations owing 1o big strikes in the bullding
naustry.
* Gross Increase was only available for a shorter period, and referred to ihe number
of dwellings without regard to their size,

% Lokalitdten,



Country and perlod
United Kingdom,
post-war

United States,
post-war

Sweden,
post-war

Germany,
pre-war

Sweden,
pre-war
United Kingdom,
post-war

United States,
post-war

Sweden,
post-war

Germany,
pre-war

Sweden,
pre-war
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Description of series
Number of houses built by
private enterprise without
Stale assistance.
(i) Estimated total value
of non-farm residential con-
struction in 1923/25 dollars. *

awarded,
floor

{ii) Contracts
residential building,
space of building.

(i) Gross increase in num-
ber of rooms or kitchens in
296 cities.

{iij Number of dwellings
built in Stockholm by pri-
vate enterprise.

Rent,

Average annual rent of
occupied houses in Ham-
burg.

Average rent per room of
houses to let in Stockholm.

Rent index of the Ministry
of Labour cost-of-living in-
dex. b

Rent index of the Bureau
of Labor Statistics cost-of-
living index.

Rent index of the cost-of-
living index,

Construction Costs.

Prices of building
materials. ¢

Index of building costs.

Source
Statistical Abstract for the
United Kingdom.

National Bureau of Eco-
nomic Research, Bulletin
No. 65, and Statistical
Abstract.

Statistical Abstract (data
from Dodge Co.).

hY verig.es Statistisk Arsbok.

Stockholm Stadskollegiets
utlatanden och - memorial.
Bihang No. 10 A, 1935.

Hunscra: see under Vol.
of building,

MynpaL, The Cost of
Living in Sweden.

Abstract of Labour Stat-
istics.

Statistical Abstract.

'Sveriges Statistisk Arsbok.

Jacos und RiIcHTER,
Grosshandelspreise, Viertel-
jahreshefte zur Konjunktur-
forschung, Sonderheft 37.

MyrpaL, loe. cit.

& Le., value at current prices deflated by Index of construction costs, 1523-1925 = 100.

* Up to 1923, the Index relates to controlled ren
and uncontrotled rents combined. No better index

ts; from 1929 onwards, to controlled
is available.

* When reckoning the * prontability * of holding houses, allowance was made for wage

costs: these were supposed to have b
for 35 9% of total construction costs,

een constant throughout the period and to account



Country and peéiod
United Kingdom,
post-war

United States,
post-war

Sweden,
post-war

Germany,
pre-war
Sweden,
pre-war
Unrited Kingdom,
post-war
United States,
post-war
Sweden,
post-war

Germany,
pre-war

Sweden,
pre-war

United States,
post-war
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Description of series
Index of building costs.

Index of construction costs
of Engincering News Record.

(i} Index of building
costs.2

{ii} Index - of Dbuilding
costs in Stockholm.

Interest Rate.
Average rate on mortgage

banks' new issues.
Savings banks’ rate.
Yield on 214 % Consols.
Yield on 60 bonds.

Savings banks® rate.

Source

CoLin Crark, Investment
in Fized Capital in Great
Britain, Special Memoran-
dum No. 38, London &
Cambridge Economic Ser-
vice.

Statistical Abstract,

Svenska Handelsbanken :
“ Index™.

Statistisk Arsbok for Stock-
holma Stad.

HuwscHA: see under Ve-
lume of building.

LinpanL, etc.: The Na-
tional Income of Sweden.

Statistical Abstract,

Stalistical Abstract (from
Standard Statistics).
Soeriges Statistisk Arsbok.

Index of Housing Needs.P

% of vacant dwellings in
Hamburg. -

% of vacant dwellings in
Stockholm,

Stock of houses,® devia-
tions from trend.

Profits or Income.

Germany, pre-war  Dividends in %, of capital.

Sweden, pre-war

Total real income.d

Hunscaa: see under Vo-
lume of building..

Statistisk Arsbok for Stock-
holms Stad.

Statistical Abstract.

Donxen,Die Kursbildung
am Aktienmarkt, Vierteljah-
reshefte sur Konjunkiurfor-
schung, Sonderheft 36,

Soveriges Statistisk Arsbok.

* The figure for 1923 waf obtained by combining the index of prices of building materials

{Slatistisk ..lraboh} and the index of hourly wages in building (Bagox: Wages in Sweden)
with the same weights as in index for subsequent years— i.e., materials 60 %, wages §0%.
* No data are siown for the Uniled Kingdom. An attempt at compuling the stvck of
houses, in devialions from lis trend, led Lo unreliable resulls,
* Census data, interpolated on the basis of fioor apace of buildings for which eontracts

have been awarded.

4 Total assessed income of following year deflated by cost-of-living Index (MYRDAL:
Tha Cost of Living in Sweden, 1830-1930).

7
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Country and fnrlod Description of series Source
United Kingdom, Real income from wages CLARK, National Income
post-war and salaries. 8 and Outlay.
United States, (i} Netincome of corpo- Statistical Abstract.
post-war rations, :
(i) Urban non-workers’ Estimates based on 8.
income, KuzneTs: National Income,
. {ili) Capital gains. Estimates based on Wag-

BURTON: Journal of Political
Economy, Vol. 43.

Sweden, Total real income, P Sveriges Statistisk Arsbok.
post.-war
& Monay income deflated by cost-of-living index (Ministry of Labour).
v Total mssessed Income of fullowing year defiated by cosi-ol-living lndex.
A uniform lag of one year has been assumed to
Lags used. exist between the series showing completed building
and both the explanatory factors of the first group
—rent, construction costs, interest rate—and the income series.
In the case of the United States, where the series representing
building is based either on contracts awarded or building per-.
mits delivered, the lag zero indicated in brackets after the re-
gression coefficients corresponds to a real lag of probably not
far from one year between the explanatory factors and the end of
the building process.
As regards the total number of houses, or the number of vacancies,
the lag was chosen between one-balf and three and a-half years,
according to the best result yielded.

§ 14. Resunrs

] The explanatory factors mentioned above permit,
Chief results. when rightly combined, of a good explanation of

the movement of building activity, more especially
after the war. But for each country, the respective influence of
the various factors in the best combination varies greatly, as may
be seen from the accompanying graphs. In the United States,
the movement is dominated by the available stock of houses
lagged over three and a-half years, while the influence both of the
rate of interest and of income is almost negligible.
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3

Graph IV. 1, Graph IV. 2.
“ ExXPLANATION * of BUILDING, “ExpLANATION ® or BuiLping.
UniTep STaTES 1920-1937. Unitep StaTes 1920-1937.
{Rent, buillding costs and intlerest rate
(Free calculation.) ' combined a priori.)
A = Calculated, A = Calculated,
B = Extrapolated, B = Extrapolated.
+101 N 1 N

_o
N
g
, :
/'
?"N
- 1
o
',d‘

N\
\_,J‘ )
&L

-10H
- 1 -1 -
031(mg)o *3 e 123(mg)o
0"===_"'-;. (o] ol
+ 5L 4-5 s
AN o . A__~030lg)
- 5hH - L
_0.02(m_ K)o —o.120m g
O [

+10p . b 5 /--\ 3
I /- -\ -53.2h. 5 I‘ °rp e
YARERN | P4

-10} \/ ]

o - - 49
010z )o i 0.06(2)o
O T o—al 0 v#———-\
7
5 A _.' -9 = 1
+ 51 * 4 +5| A ST.
n-Vp a-75
OH%% o 7&-%,
- ° 4 3 L i A d d Nl i.‘E
920 1925 1930 son 1020 W25 1930 K36
vy bullding activity, actual.
o: : building activity, as explained by:

tmy), : rent _

(23), : building cosis not lagged (see remark on p. 98);

(myp), ©  Dbond yleld

A_3y !  number of houses (in deviation from trend), lagged 3% years.

Al profits, not lagged.



Graph IV, 3. Graph IV. 4.
“ ExpLAnATION ” oF BuiLping. “ ExpLaANATION " oF BuiLping,
Umitep Kincnom 1923-1937. UniTep Kincpom 1923-1937,
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Graph 1V, 8,

“ExprLANATION " o BuiLping,
SwEDEN 1924-1936,

{Rent, building costs and intereat rate combined g priori,)

w0
ol
* 0=
0O + o
: \ T \
‘ 1 t.18imal?
- O - - o
vyt  bullding actlvity, actual. _ e /,—7’(—'h
: . o °
L . building activity, as explained byr el
(mg)_q : rent o » o
) : -0.2(mu) 3
(ap)—1 ¢ buildlng costs lagged 1 year. o °
(m, p)_yq : interest rate

eq: real tncome

In the United Kingdom and Sweden, on the other hand, the
greatest importance seems to attach to the interest rate and real
Income. .
~ For before the war, the results are more doubtful and will be
discussed in the next section.



Graph IV. 6.

T ” Bumnpine. Germany (Hamsurc) 1878-1913.
Eer.\:l;:;rl::Nbu"&:' costs and interest rate combined a priori.)

1 J
+40- .

v I a'\,ﬂ‘

TN N

- 20
/
136(“‘])—] -/
7 (o]
P /-\ _2‘|9(qu-1 4=20
O T
7 =TT S~
M&VJ e —————a] O
«20r 7
/‘\ -20.‘]1:3 /\F
’ /
=20l \ -
2N, D ., o
——— 0.71d-| o
o]
L +20
y'"\
BRS¢ °
- -20
Fi | I W | LA i 4 ot 4 4 [ W P N Y [ I | il _i
a0 1890 1000 1910  sonaaw
vy building activity, actual.
l’; t bullding activity, as explained by:
(mp)_y: rent
(eg)_¢ : building costs lagged 1 year:
(m;p)_y ¢ Interest rate _
LW number of houses (In deviation from trend), lagged 3 years;

dg: dividends in % of capital, lagged 1 year;
t: trend.



— 103 —

The following graph affords a comparison of all the regression
coefficients found in the calculations comprised in the summary
Tables IV.1 and IV.2. While the range of variation is rather
wide, there is for all variates except the number of houses a well-
defined mode which coincides with the median in three cases out
of four.

Graph. IV.7.

DistriBuTion o REcrEssion CoxrriciEnTs.

(Tables IV. 1 and IV. 2.)

Rent. . s |51 14 - 1

Construction costs . . [ ] lll,l‘I?ll — )

Interestrate . ... [T m[!‘f - )
© _®» ® ® 9

Number of bowses . . [T 11| )

Income. . . . . . . i ?” iy[ U_’I J

(The x Indicates the median.)

The values of the medians are roughly as follows: rent 4 1;
construction costs — 1; interest rate — 0.1; number of houses —20;
income + 1. Owing to the choice of the units, these figures
represent the various elasticities, except in the case of interest rates.
In this case, the figure indicates that an increase of 0.019 in the.

rate of interest will produce a decrease of 0. 1%, in the volume of
building.

The equations found for the United States and the

Eztrapola- United Kingdom for the period up to 1935 have been
tions. applied to the data.(or estimates) for 1936 and 1937.
For the United States, the volume of building thus

calculated reflects the actual movement of building as shown by
current, statistics: both the free and the a priori calculations point
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Building. Table IV, 1. Explanation

. — TUnless otherwise stated, the units used are: for pre-war, % deviations from trend.:
intergs?.terate. ‘ihe deviations of which are expressed In units of 1% and 0.01% respectively,

each serles, see table on pages 95 et seq.

‘ Correlation
Country Period Serles explaiped .coeﬂi{:ient
German 1878-1943 | Netincrease in number of rooms. 0.92
(Hamgurg)
Sweden 1884-1913 | Number of new rooms built. 0.68
(Stockholm) _ :
United States 1920-1935 | Total volume of non-farm resi- (i) 0.99
dential construction. (ii} 0.99
United Kingdom | 1923-1935 | Number of houses built by pri- g
vate enterprise without State | 0.99
. assistance. 7
Sweden 1924-1936*| Number of houses built in 296 (i} 0.97
cities. , (i} 0.97
Sweden 1924-1936®; Number of houses built without ‘
{Stockholm) State assistance. 0.95

‘ Building., Table IV. 2. Explanation of

and Interest Rate
Note. — See note to Table IV, 4.

, : !
Country Period Series explalned %2%1&23?
Germany 1878-1913 | Net increase in number of rooms. 0.87
Sweden 1884-1913 | Number of new rooms built. 0.59
United States . (1)1915-1935| Floorspace of contracts awarded. 0.96
(ggg } 1920-f Volume of non-farm residential 0.98
(iii) [ 1935 construction, 0.99
United Kingdom 1923-1935 | Number of houses built by pri-
vate enterprise without State
. assistance, 0.96
Sweden 1924-1936 | Number of dwellings built in (i) 0.89
296 cities. (i) 0.9 1

@ % vacant houses,
b Net income of corporations.

¢ Tolal urban non-workers*
$ Lon exupan h Income plus capital gains,
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of Building: Free Calculations.

for post-war, 9% deviations from average, except for the *profiiability of bullding * and the
«he lag, in years, is indicated in brackets afier each coefficient. For a detalled description of

Regression coefficients and lags of; -
Construction Interest Number Income
t
Ren costs rate of houses ‘“; a':;%gt’
5.20 {1) —1.56 (1) 0.72 (1} — 16.5¢ (3) 1.71 (1)
144 (1) —159 (1) | —103 (1) | — 3790115 3.75 {1)
0.31 {0) —1.90 (0) — 0.02 {0) — 33.2 (314) 0.10% {0)
0.23 {0) —1.56 (0) —0.03 {0) — 37.0 (315) 0.16¢ {0)
10.09 (1%) | —0.95 (1Y) | —0.56 (1) f 2.06 (1%)
~—1.16 (1; 0.34 (1) —0.2 (1 - 2.22 (1)
—1.43 {1 0.39 (1) —0.24 (1 t 2.25 (1)
— 0.52 {1) 3.74 (1) 0.21 (1) t £12 (1)
Bullding: Rent, Construction Costs
eombined a priori.
Regression coeflicients and lags or:;
Profitability of building I .
X . Number "°°"l'"_
Total Rent Conitt.ﬁgtion Inrt:{gst. of houses RO oot
482 (1) | 336(1) |—249 (1) |—o032 (1) | —204%(3) | 071 01)
—19.0 (1) [—1.93 (1) 1.31 (1) 047 (1) | — 5.2¢ (115 5.35 (1)
133 (0) | 1.21 io —0.93 (0) [—0.12 o; —17.8 (3Y%) o.m{c»)
12.3 (o) | 423 {0) [—0.90 {0) |—0.42 {0} | —251 isy’; 0.065 {0
119 (0) | 119 (0) |—o87 (o) |—o041 (0} | —26.5 (3%)| 0260
69:0 (1%)| 5.49 (1%) [—3.236 (13) [—0.47 (1%) ! 1.71 (1%}
&5 il 0.69 ii —0.524(1) [—0.06 (1) ! 1.66 (1)
A 250 116 (1) |—0.94¢{1) |—0.12 (1) f 1.38 (1)

d Index of construction costs of Svenska Handelsbanken,
€ Index of construction costs of Stockholm Statistical Ofice.
I Series not included,
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Building. Table IV, 3. Explanation of Building:

Note, — See note to Tabhle IV, 1.

Combination with Rent and

Country Period Reries explained
Qermany (Hamburg) 1878-1913 Net increase in number of rooms.
Sweden (Stockholm) 1884-1913 Number of new rooms built
United States 1920-1935 Total volume of residential construction
United Kingdom 19231935 | Number of houses built
Sweden 1924-1936* | Number of houses built in 296 cities

Note, — See note to Table IV, {,

Building. Table IV. 4
Influence of Number

Country Period Series explained
Germany 1878-1913 | Net increase in number of rooms
” " 11] "
" " ‘ 11 "
United States 1920-1935 Volume of non-farm residential building
L i L1 N ] ”»
1] L ” ”
1920-1932 . . .
United Kingdom 1923-1935 Number of houses built without State
assistance
Sweden 1924-1936*

Number of rooms built in 296 cities

” ” ”

a Number of vacant hnuses, in
& Net incoine of corporations,

¢ Series not included.
* 1933 excluded,
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Caleulations using Interest Rate in a priori.
Construction Costs, and also freely.

Regression coefliclents and lags of:
Correlation
coefficlent
R Profitability Interest Number Income or
of building rate of houses prolits earned
0.93 76.8 (1) 1.05 (1) —20.1% {(3) 1.72  (0)
0.65 11 (1) —0.70 {1) — 44 (11/3) 4.29 (1)
0.98 12.5 (0) 0.02 (0) —251  {31) 0.06% (0)
0.97 205 (13) | —0.56 (1%) ¢ 341 (1Y)
0.97 — 5.3 (1) — 0.35 (1) c 2.02 (1)
Explanation of Building.
of Variates Included. -
Regression coeflicients and lags of:
Correlation
coeflicient
Profltability Number Income or Capital
of building - of houses profits earnped gains
0.66 3.8 (1)
0.82 —15.54 (3)
0.87 48.2 (1) —20.4 % {3) 0.71  {0)
0.78 83.0 (0} '
0.97 —36.0 (31%)
0.98 10.5 (0) —29.8 tal/z) .
0.98 12.3 {0) —254 (3%) | 0.06% {0)
0.99 11.6 (0) —922.5 (35/:) —0.06% (0) 0.003 {0)
0.96 88.8 (11)
0.96 69.0 (1) 1.1 (1%)
0.82 11.9 (1)
0.87 236 (1)
0.89 4.5 (1) 1.66 (1)
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to a slackening of residential building in 1937 as compared with
1936. For the United Kingdom, on the other hand, the extra-
polations of both calculations point to a continuous rise through 1936
-and, in a somewhat lesser degree, 1937, which does not agree with
the actual stability in 1936 and decline in 1937. The explanation
of this difference seems to lie in the special fact that the building
.boom, which consisted largely in the construction of small houses
for the upper working-class and the lower middle class, had, round
about 1935, attained a limit, which could only have been surpassed
by making these owner-inhabited houses accessible to the earners’
of smaller incomes,

In Tables IV, 1-1V. 4 the results of the principal

Detadls of calculations are set out. In Table IV. 1, all the
results.
explanatory factors enumerated above have been
Tables . . . ) .
IV.1-IV.4 included separately in the correlation calculations; in

Table IV. 2, the three factors of the first group have
been combined a prior: so as to reflect the profitability of building.
In Table IV. 3, the interest rate has been added as a separate factor
in addition to entering into the “ profitability ”; this is a way of
introducing interest rates with a free coefficient—in order to
find whether there is accordance with the a priori case—
without increasing by two the number of variates, as is the case in

Table IV, 1. Table IV. 4. shows the influence of the number of
variates included.

With the exception of the case of Sweden, pre-war,

Correlation all correlation coeflicients in Tables IV, 1 and IV. 2
coefficients. —the most important ones—vary between 0.87 and
0.99; for post-war, the median is even as high as 0.97.

All coefficients in Table IV. 1 have the right sign

Signs c?f except the interest rate in the case of Germany,
regression  pre-war, which is positive instead of negative and all
coefficients. coeflicients but two of the components of profitability

for Sweden, post-war. |

For Sweden, pre-war, the regression coefficient

of profitability is negative in Table IV, 2, but it is reversed
in Table IV. 3, which seems to point out that the influence
of the rate of interest is much higher than assumed when
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calculating the " profitability .1 Table IV. 3 is otherwise not
very satisfactory: two of the columns contain coeflicients with a
wrong sign.

In Table IV. 4, on the other hand, all signs are right.

The main divergencies between countries as regards

the order of magnitude of the regression coeflicients

of Tables IV.1 and IV.2—leaving aside those with
a wrong sign 2—may be briefly summarised:

Table IV. 1: In the United States, interest rate and rent have a
much smaller coefficient than the average, while in the United
Kingdom the coeflicient of the latter is much greater. The coeffi-
cients of construction costs, in so far as they have the right sign,
are rather close to each other; the coeflicients of the number of
houses, on the other hand, show a very wide spread.

In the United States, post-war, the coefficients for the income
series are almost neghgxble

_Table IV. 2: the coeflicient of profitability is much larger than the
average in Germany, pre-war, and the United Kingdom, post-war,
and smaller in Sweden, post-war.

The coefficients for the number of houses are not very different
from those in Table IV. 1. The coefficient of profits in the United
States is, again, very small. . '

Comparzson
between
. countries.

A comparison of the coefficients of rent, construc-
tion costs and interest rate in Tables IV, 1 and IV. 2
IV. 1 ang °hoUld make it ‘_prssible to test the assumptions

V. 2 made when combining these factors into an index of

"% profitability. To facilitate this comparison, the

“coefficients have been inserted in the following table. Unfor-
tunately, the results show a rather wide range of variation.

Comparison
of Tables

! This might be explained by the fact that the interest rate is, at the same
time,a measure of the desirability of investing in bonds, and that this desirability
mﬁuences the incentive to build.

* It may, in this connection, be noted that both the rent index and the
construction costs index for Sweden, post-war, which obtain only wrong signs
in Table IV, 1, are not very representative,

? These coefficients were somewhat raised when real instead of money
income was used, but they still remained very low.
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Graph 1V. 8.
Bunch Map.
BumLping: UniTep StaTeEs 1915-1935,

1 = Building (contracts awarded). 2 = Profitability of huilding.
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In the German pre-war case, the coefficients of rent and construc-
tion costs are not too dissimilar. For after the war, the coefficient
for rent is greater and that for construction costs smaller for the
United Kingdom in the free calculation; but the reverse is true

for the United States.
The two factors of the second group, on the other hand, have

fairly stable coefficients.

Tables IV 1 and IV. 2 eombined.s
A = Free calculatiéns. B = A priori calculations.

Regression coeflicients of:

Country Rent CO":;’;{“:“‘“‘ Interest rate N‘i'g&’:;“’ Income

AiB|AaiBr|aiBjais|ais

Germany : : : H
1878-1913 5.20: 3.36 |—1.54 :—2.19 i fjabi-204( 171 0.

Sweden
1841913 | v P oa | » B o» | e i e |g7iosef 875 534

United States : : :
1820-1935 0.31§ 1.23 |—1.90 : —0.90 | —0.02 :—0.42 | —33.2 : -25.1 0.10: 0.08

Utd, Kingdom H H : H :
1923-1935 | 10.09: 5.49 {—0.95 :—3.36 |—0.56 : ~0.47] ¢ : ¢ 2.06: 1.71

Sweden : : : i H
£924-1936 LA S | i 1024 1-0.06 ¢« i . 2,227 1.66

s For the sake of clearness, the description of serles, the indication of lags, and all

footnotes have been omitted.
* Cases including wrong signs have not been included.
* Series not included,

For the United States, three bunch maps have
Significance been drawn, two representing @ priori calculations.
calculations. and the third the free calculation for 1920-1935.

As regards the first @ priori calculation (Graph
IV. 8, contracts awarded, 1915-1935), the final set (1234) is very
satisfactory as to variate 2 (profitability). It is somewhat less
satisfactory as to variates 3 (number of houses) and 4 (profits),
the coefficients of which are not to be determined with the same
degree of exactness, the angles between the beams being larger.
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Bunch Map. " Graph
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Taking account of the fact that, in this case, variates 2 and 4
appear to be the more important ones, one may, however, disregard
beam 3in the middle and right-hand parts of set 1234; the regres-
sion coefficients for 3 and 4 then become more certain, though
that of 3 is small (small inclination of beams).

For the other a priori calculation (total non-farm residential
construction, 1920-1935), the bunch map (Graph IV. 9) is less good ;
here the regression coefficient of 3 (the number of houses) is found
to be both important and well determined if the two other variates,
the coeflicients of which are found to be small, are disregarded.

The bunch map (Graph IV. 10) for the free calculation over this
period shows, in its final set (123456), a tendency to explosion, but
nevertheless the variates 3 (construction cost), 5 (number of houses)
and 6 (profits) are found to have well defined and important
influences, especially 5. From the “best ” sub-sets (“ best” from
the point of view of determinateness of regression coefficients) —viz.,
(135), (145), (1345), (12345)—similar conclusions are to be drawn.:
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CHAPTER V

NET INVESTMENT IN RAILWAY ROLLING-STOCK

§ 15. THE RELATION TESTED

In §9, the result was obtained that, in the case of

Acceleration general investment activity, the acceleration principle
" principle and yields an explanatory factor of only minor importance
profit  as compared with profits. For railways, it is possible
principle. to take a slightly different view. The two facts,
(a) that railways usually are not permitted to refuse

passengers or freight offered for transport and (&) that, generally,
they are public enterprises or under some sort of control of public
authority, both tend to replace pure profit considerations by more
technical considerations as far as new investment is concerned.
There is some reason to assume that profit considerations are
in this case wholly or partially replaced by the considerations
at the basis of the acceleration principle. For this reason, three
types of calculation have bten made. An attempt has been made
to explain the net investment in rallway rolling-stock vy by the

following primary factors:

(1) The rate of increase in traffic Aun only (“ acceleration
principle ”);

(2) The profit rate Zy only (“ proﬁt. prmclple ”);

(3) Both Auy and Z, (“ mixed principle ”).

As secondary factors the same factors have been
Secondary chosen as in Chapter 111, viz.,
factors; lags. 'The price of iron g¢;;
' The long-term rate of interest mpp.
About, the probable lag, some information is available in the lags



— 116 —

between orders of locomotives and of cars and the rate of increase
in total stock of locomotives and of cars with the American railways.
These data show a lag of about 1 year for cars and of about 11} years
for locomotives. As the lag between any incentive to invest and
the actual increase in rolling-stock may be larger than the purely
technical lag between orders and increase, it seemed a fair estimate
to take 114 years for all rolling-stock. To begin with, calculations
with this lag were made. Inspection of the graphs showed that the
lag seemed to be somewhat shorter for the United States, especially
in the case of the profit principle; perhaps somewhat longer for.
France, and decidedly longer (214 years) for Germany, if for these two
countries the acceleration principle was accepted as the explanatory
principle. Therefore, alag of 214 years for Germany has been taken,
whereas for the other countries the lag of 114 years was retained,
with the exception of the profit principle for the United States,
where a lag of 1 year was also considered. These lags may roughly
be considered as the lags giving the highest correlation.

For the profit principle, somewhat more complicated calculations
(indicated as calculations 2’) were made in addition: viz., calcula-
tions in which profits with two different lags are introduced as
variates. This may give somewhat more accurate indications
about lags, which will be discussed together with the results.

Significance calculations have been made only

Significance for some of the most typical cases. As railway

calculations. rolling-stock plays a decreasing réle in total invest-

ment, it did not seem necessary for the ultimate

~ objects of this enquiry to go into very much detail, the more so
because the results were only moderately good.

§ 16. Tue SraTisTICAL MATERIAL

The countries and periods studied are:
Countries France, 1876-1908 (thirty-three years).
and periods. - Germany, 1874-1908 (thirty-five years).
United Kingdom ,1873-1911 (thirty-nine years)
United States, 1896-1913 (eighteen years).
All necessary data on railways are taken from the Statistical
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Year-books of these countries. For the secondary factors, the data
referred to in Chapter III are taken.

Some preliminary work was involved in calculating

Computation the necessary indices.
. of indices, An index ¢z of net investment was calculated
Investment as a weighted arithmetic average of the percentage
index. rates of increase in locomotives, freight cars and
passenger cars. As weights, there were taken the
products of the number of each type of rolling-stock present at
the end of 1895 (for the United States 1905) by a weight factor

-which was taken as.

20 for locomotives,
10 for passenger cars, and
1 for freight cars.

For the United Kingdom, where no separate data for both
types of car were available, one weight factor 2 was used for all
‘cars. The influence of the weights on the shape of the investment
index is not large, as the rate of increase in locomotives and cars is
usually highly correlated.

As profit series (Zy), the following have been used

Profit United States: “ Net operating income ” as a
series. _ percentage of “investment ™ (i.e., capital
invested);

United Kingdom: Ratio of net recenpts to
paid-up capital;

Germany: Profits as percentage of invested

~ capital;

France: Net income per kilometre divided by
cost of construction of one km.

An index for the rate of increase in traffic was

Rate of calculated as a weighted arithmetic average of the

increuse in percentage tates of increase in passenger traflic and

traffic.  freight traffic. The weights chosen are numbers

roughly proportional to the total receipts for passenger

traﬂic and freight traffic at about the middle of the period studied.

‘They are indicated in the table below, together with the exact
description of the traflic series used.
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Traffic series and weights used.

Passenger trafllc Freight trafc
Countey Serles used Weight Series used Weight
United States Passengers carried Freight carried 1
1 mile 1 mile 3
United Kingdom | Total ordinary pas- Total tonnage of
senger journeys 4 goods conveyed 5
Germany Passengers carried Freight carried 1
1 kilometre 1 “kilometre (tons) 2
France Passengers carried Freight carried 1
1 kilometre A kilometre (tons) 5

For pig-iron p}'ices and long-term interest rates, the same series
have been used as described in Chapter III.

In order to eliminate trends, deviations from nine-
year moving averages have been taken for all series
except iron prices, where percentage deviations from
nine-year moving averages were taken.

Trends.

. § 17. Resuvirs

Details of the results obtained are presented in Tables V. 1
to V. 3 and Graphs V. 1 to V. 4. The following general features
seem worth mentioning:

(1) Looking at the correlation coeflicients obtained,
one finds that the results are not, as might-have been
expected, better ‘than those obtained for- general
investment activity. It therefore seems that the
advantage of having more homogeneous material is
counteracted by the larger influence of disturbances .
in & more restricted field of activity.

(i) As has been said already, the lags chosen
in the case of the acceleration principle are roughly
those which give the best fit. They are 114 years for
the United States, the United Kingdom and France, and 21, years
for Germany. For the profit principle, these lags were tested by the
calculations summarised in columns (7) to (9), Table V. 1. . In the

Results not
better than
for general
tnvestment
activity.

Lags.
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case of the United Kingdom and France, the regression coefficients
obtained for profits with 21} years lag are small in comparison to
those obtained for profits with 115 years lag. This means that the
optimum lags are near to 115 years—somewhat more in France,

Graph V. 1.

“ExXPLANATION " oF INVESTMENT IN RAILwWAY ROLLING-STOCK.
UniTeEp STATES 1896-1913.

Left-hand side: “ Mixed principle * — Right-hand side: * Profit principle =,
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(Zg)yq : profits, tagged 1 year;
(Zy)-g: profits, lagged 2 years;
(Zg)-yy, = profits

3 : 1 d i ears.
(Zg).qy, : Tate of Increase in profits } agged 1% ¥
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somewhat less in the United Kingdom. For Germany, both coeffi-
cients are equally important, pointing to an optimum Jag of 2 years,

The regression coeflicients obtained in the case of the United
States indicate that a considerably smaller lag than even 1 year
would be the optimum lag if profits were to be the only explana-
tory variate. This is, however, inacceptable, as delivery of rolling-

Graph V. 2.

“ExpLANATION ® oF INVESTMENT 1IN RatLway RoLLING-STOCK.
Unitep KiNngpom 1873-1911.

“ Mixed principle ®, -
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stock requires at least one year (see above). The profit principle
in its simplest form—viz., that the amount of profits determines
the volume of investment —is therefore inapplicable here; the re-
gression ‘equation yielded by this calculation could, however, be
written in the form:

on = 093 [(Za_y + (Za)o] + 3.20 [(Za)_y — (Za)_s]

Graph V. 3.

“ ExPLANATION ” OF INVESTMENT IN RalLway ROLLING-STOCK.
GERMANY 1874-1908.
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where the first expression in brackets is very near to twice profits
with a lag of 114 years and the second expression in brackets is the
rate of increase in profits with a lag of 11, years. Thus the rate of
increase of profits, as well as profits themselves, is represented as
exercising an influence on investment. Briefly, and very approxi-
mately, we get

vp = 1.86 (Za)_, 5 + 3.20 (Za)_1 (cf. Graph V. 1).

Graph -V, 4.

“EXxPLANATION " OF INVESTMENT IN RaiLway ROLLING-STOCK.
France 1876-1908,

“ Mixed principle ",
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(iii) The correlation coefficients obtained with the
Acceleration calculations (1) and (2) mentioned above (§ 15) are
principle and not, on the average, very different (Table V. 1,

- profit columns (3) and (5)). So far as the differences are

principle. significant, it is remarkable that the acceleration

principle gives a lower correlation than the profit

prmclple for the United States and France, and about the same

correlation as the profit principle for Germany and

Mized England. Calculations (3) (Table V. 4, columns (10)

principle. to (13)), using both principles, show practically no

influence of the rate of increase in traffic in the case

of the United States; and the regression coefficients for profits are
quite near to those found in columns (8) and (9). .

To sum up, for the United Kingdom the correlation is consider-
ably improved if the principles are combined; for France and
Germany there is also some improvement, whereas for the United
States the improvement is almost nil. ' .

Calculations including “secondary factors”(cf. Tables

Caleulations V. 2 and V. 3) show considerable improvements in cor-

using  relation if based upon the acceleration principle, and

secondary less improvement if based on the profit principle. The

factors. results obtained with the acceleration principle in

table V. 2, with the exception of those for the United

States, become somewhat better than those obtained with the

profit principle, notwithstanding that the number of variates
included is one less.

The regression coeflicient obtained in case (1)—

Regresswn whether or not secondary factors are included makes no
coefficient  difference—is far lower than the acceleration principle
for in its simplest form ! would suggest. In fact, it is
acceleration often suggested that a given percentage increase in
principle. traffic would lead to an equal percentage increase in
rolling-stock. Instead of unity, the coeflicient found

in Table V. 1, column (4), is, however, only one-sixth to one-third,
or if the ratio between the standard deviations is taken, about

1 As given by HIABERLER: Prosperity and Depression, pages 84 and 85.
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Table V. 1.

]

¢ Explanation " of Investment

nits: Investment: Percentage increase in rolling-stock, deviatious from 9 years moving average,
v 3 TraMc: Percentage increase in traflic, deviations from 9 years moving average.
Profiis: Percentage profils,! deviations from 9 years moving average.

(1) Acceleration prineiple (2) Profit principle
o ooy Priod | come | T | e | Sefmn
et Rt e ent Ao

) ) (1) (4) - %) éﬁ)

United States 1896-1913 0.54 015 (114) 0.63 3.20»(1)
United Kingdom | 1873-1911 0.63 0.34 (1%) 0.66 4.80 (11%)
Germany 1874-1908 0.79 -0.34 (214) 0.74 2,41 (215)
France 1876-1908 0.57 0.26 (1%) 0.67 3.42 (11%)

t Or the best approximation to it available.,

LY

Table V. 2. * Explanation  of Invesiment

Introduction of iron prices and long-term interest rates as

f. Acceleration principle
Country Perldd ?anl!t.m\- Regression coeflicients and lags of:
coell- . ~
cient traffic iron price Interest rate
(n ) 8} (£Y] (5, (6)
United States | 18961913 | 6.78 | 0.04 (1%%) | —0.04 (1%) —0.09 (1%)
United - 4 '
Kingdom 1873-1911 | 0.75 | 0.27 (1) 0.02 {11) | —0.04 (1%)
Germany 1874-1908 | 0.88 | 0.40 (2%) | —0.04 {214) 0.01 (2%)
France 1876-1908 | 0.83 | 0.9 (11) 0.06 (115) [ —o0.05 (1%2)

I
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Interest rates: deviations from 9 years moving average, in 0.01°9;.
Fron prices: percentage deviations from 9 years moving average.

Lags: years,

(.2‘)\ Profit principle (distr. lag) (3) Mixed principle
ga:teirg‘;: R;ﬁ'&eslﬁg;‘ :F‘;)‘Eg&%g‘s ?30[?(;6;; Regression coeflicients and lags of ;
cient A traflie proflis
N (8} (9 (1o (1) (12) s
0.77 413 (1) —2.27 (2) 0.77 0.01 (1%) |3.98 (1) |— 2.16(2)
0.66 5.10 (1) | —0.55 (2%) 0.84 0.37 {115) |1.95 (1%) 2.70 {215)
0.83 1.52 (115) 1.53 (215) 0.88 0.18 (215} (147 (115} ©.78 (215)
0.68 3.00 (114) 0.71 {2%) 0.75 0.47 (11%) [1.40 (115) 1.50 (244)

in Rallway Rolllng-stoék {continued).

.supplementary explanatory factors.

Units: see Table V. 1.

2’.  Proflt prineiple

Corre- Regression coefficients and lags of:

lation

coeffi-

cient profits iron price interest rate

L)) (8) T} (10) TEN

0.87 2.55 (1) —1.80 () —0.02 {11) —0.07 (1)

0.70 3.80 (11%) —1.35 (21} 6.02 (1%) —0.03 {1%)

0.84 2.14 (11%) 1.58 (2145) 0.01 (2%} 0.04 (215)

0.86 189 (114) 0.81 (2%) 0.03 (117} | —o0.01 (115)

0.79 215 (13) —0.35 (1%) 0.0% (135) —0.05 {13}
-—_————_;
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Table V.3. “ Explanaﬁon " of Investment
Calculations using only interest pates

——

1. Acceleration principle
Country Period Correlation Regression coeflicient and lags of:
‘ coeflicient . A traflic I Interest rate
) @ ) @ )

United States 1896-1913 069 |- 009 1%) | —0.07 (1Y)
United Kingdom | 1873-1911 0.67 0.29 (114) —0.03 (1%)
Germany - 1874-1908 0.79 0.34 (214) 0.00 (215)
France 18761908 | 069 | 019 (1) —0.06 {1%)

one-half,! which means a considerably smaller sensitivity of invest-
ment. After the introduction of the “secondary factors ” and of the
mixed principle, these coeflicients grow less uniform, but in geuneral
still smaller, especially in the case of the United States. Neverthe-
less, the more general significance of the acceleration principle—viz.,
that percentage fluctuations in capital goods industries are larger
than percentage fluctuations in consumers’ goods industries—is not
invalidated by these figures. The relatively low influence of the
principle may be attributed to the fact that the technical necessity
for its operation in its simplest form exists only if capacity is
already being fully used. In all other circumstances, changes in
capacity may be less than in propoertion to changes in production.?

Not very much evidence is found of any influence

Influence of iron prices in the European countries. The regres- -
of iron  sion coefficients found (Table V. 2, columns (5)
prices.  and (10)) are positive and in general unimportant.
Only in the United States do they seem to be clearly
negative; the elasticity of demand at the point of the demand curve
corresponding to trend values of prices and quantities (which, by

* This figure is obtained by dividing column (4) by column (3), and is
therefore: ! '
U.S.A, U.K. Germany France
0,28 0.54 "0.43 0.42
* In the case of the_mlxed principle for the U.K. and Germany, the correla-
tion would improve if a continuous fall in the regression coefficients were -
assumed to exist (¢f. Graph V. 2 and V., 3). '
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n Railway Rolling-stock {continued).
as supplementary factors. Units: see Table V. 1.

2°. Prolt principle
Regression coefficlient and lags of:

Correlation

coeflicient profits | interest rate
(8) (N (8) (9}
0.85 268 (1) - —2.65 (2) —0.07 (1%)
0.67 £.62 (114) —0.56 (215) —0.02 (115)
0.84 1.76 (114) 1.71 (2%) 0.03 (215)
0.83 1.37 {115) T 1.59 (2ig) —0.01 {11})
0.76 2.27 (115) 0.87 (2%) —0.05 {114)

the choice of units, is indicated by 30 X the regression coeflicient)
would be about unity.

On the other hand, the influence of interest rates
Influence seems to be quite clear {Table V. 2, columns (6) and
‘of interest (11), and Table V. 3, columns {5) and (9)). Here, as
rates,  inother cases, the United States and Germany seem to
represent two extremes between which France and the
United Kingdom are situated, the influence of interest rates being
largest in the United States. Owing to our figures, a fall of 0.19,
(being ten times the unit used) in bond yields would, in the United
States, lead to an increase in rolling-stock by 0.7 to 0.99, (ten times
the regression coeflicient found) more than normal, whereas the
corresponding figures are 0.2, 0.3 and 0.4 for the United Kingdom,
0.5 and 0.6 for France, and 0.1 to —0.4 for Germany.

The decided importance of interest rates for investment acti-
vity in the field studied may find part of its explanation in
the considerable length of life of railway rolling-stock and in the
large part of this investment which, in the end, is financed through
the capital market in the proper sense of that word. At the same
time, the fact that in Chapter III, dealing with investment in
general, a larger influence of interest rates on investment activity
was found for pre-war times than for post-war times may now be
explained, for investment in railway rolling-stock probably plays at
Present a less important réle than it did before the war.
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In addition to the information given in Tables V. 1

Significance to V. 3, bunch maps have been calculated for four
calculations. cases—viz., two for Germany and two for the United
States—exhibiting the “ mixed principle ” .without

secondary factors and the acceleration principle with interest
rates as asupplementary factor (cf. Graphs V.5 to V.8). These bunch

Graph V. 5.

Bunch Map,
RaiLways: GERMANY 1874-1908.

{ = Investment Index. 2 = 4 traMe Index._gi, . 8 = Profits_q;. & = Profits_oy.

RAILwAYS: GERMANY 1874-1908.
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maps all seem to show that the figures obtained are very uncertain.
Thus, Graph V. 6 gives a very wide spread for the beams in the
right-hand part of set 123 which relates to the regression coeflicient
for 3 (interest rates), As 2 appears to be the most important ex-

planatory variate in this set, beams 1 and 2 are the most im-
‘portant ones, which still supports our conclusion about a small

Graph V. 7.

v Bunch Map,
Rartways: UNiTED STATES 1896-1913,

i = Investment index. 2 = A trafc index_4. 3= Profits_y. & = Profits_g_

L]

3y 128 » 4 r3a
) '
o gmo
[ e |
Lﬂl_- 2303
Graph V. 8.
Bunch Map.

RamLways: UniTep StaTEs 1896-1913.

1 = Investment index. 2 = A trafc index_4. 3 = Interest rate_yq.
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influence of interest rates in Germany. In the case of the United
States (Graph V. 8), beam 3 is, however, more important, supporting
the view that a high influence of interest rates is present. Only
if there are strong reasons for preferring the first elementary regres-
sion (which has been used in tables V.1 to V. 3, as usually), can
confidence be placed in the regression coefficients.

In this connection, it is of some interest that, among all the -
elementary regressions, only number 1 ynelds correct signs for all
regression coefficients.

Most of the differences found to exist between the

Explanation countries studied seem to point in the same direction.

of differences Investment in the United States reacts more quickly,

between and depends more on profits, interest rates and iron

countries. prices,and less on the purely technical acceleration prin-

‘ ciple, than it does in Europe, especially in Germany.

This may be understood by realising that railways were, in the period

investigated, more like free private enterprises in the United States

~ and less so in the European countries; least of all in Germany, where
already from 1878 onwards they were chiefly State Qnterpriseé.

To sum up, we have found that the correlations

Summary obtained for this branch of industry are on the average
of findings. not higher than those obtained for general investment.

_ The influence of interest rates seems to be rather

high, except in Germany. The acceleration principle gives a some-
what better explanation than the profit principle, but the regression
coeflicients found are far below the theoretical values. Certain
differences between the four countries included could be explained.
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CHAPTER VI

APPLICATION OF RESULTS: FURTHER INVESTIGATIONS

The direct use of the results obtained is restricted. They indi-
cate the relative strength of the various causes of fluctuations
in investment activity discussed in Chapters III to V, In
addition, something can be deduced about the chief proximate
causes of turning-points in investment activity. Thus, the crisis of
1883 and the revival in 1887 in the United Kingdom may be ascribed
to changes in profits (cf. graph III. 4), while the revival of
1875 would seem to be primarily explained by the fall in iron
prices. - To give another example, the proximate causes of the
well-known building boom after 1933 in the United Kingdom would
appear to be the fall in interest rates and building costs and the rise
in real income (cf. graph IV. 4). In some cases, conclusions about .
policy may be drawn. The reduction of long-term interest rate
necessary to raise the volume of investment by a given percentage
may be estimated in a few of our cases with some certainty. Thus,
it would seem that for the United States in the period 1919-1932
a reduction of this rate by 19, might have led, after about half a
year or so, to an increase in investment activity of about 5%, of
- the average level. '

Many questions, however, still remain unanswered. This is
partly due to the degree of uncertainty in a number of results
“found, which can be reduced only if better statistics and more
precise theories are available. ‘

But more important is the fact that, in this pamphlet—which is
primarily intended to demonstrate a method—the argument ends
with the influence of profits, interest rates, etc., on the volume of
investment. : ' :

The economist and the statesman may be anxious to know what in
turn influences profits, and how these influences have been changed,
or could be changed, by policy.  This problem can also be studied
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by means of the method described here, if that method is applied
to a larger number of inter-relations between economic variates.

In addition to the equation explaining investment fluctuations,
others explaining profits, prices of investment goods, interest rates
and so on, will then have to be established. The total number of
such equations should be equal to the number of variates necessary
to describe adequately the business-cycle mechanism. The sum
total of these relations may be called a complete system. Such a
complete system is required to draw conclusions of the nature
indicated above.

A first attempt in this direction, covering the United States after
the war, will be published shortly as the second volume of this
series. An explanation will there be given of profits as the
difference between (i) total receipts of all enterprises, public
authorities, etc., included, and (ir) total costs. '

Taking the country as a whole, and regarding it as a " closed
economy “, all costs that consist in payments from one enterprise
to another cancel out. Total receipts may thus be taken as the
total value of consumers’ goods and services produced (U), plus the
total value of investment goods and services sold by their pro-
ducers (V); the cost items to be deducted are:

Wages L,, and salaries L, ;
Corporation managers’ salaries L_;
Rent payments K, ;

Interest payments K;;
Depreciation allowances N.

Calling the amount of profits Z, we therefore get:

Z=U+V—(Ly+L+L+K+K+N,

and we may test this equation from the facts. On the basis of
this relation, an observed fall in profits may now be found to be
due to, e.g., a fall in U, total consumption. The causation of the
fall in this variate must then, in turn, be investigated, and so on.
_ It follows that full use of any relation can only be made after a
complete system has been established. Some of the most important
applications of the results of the present study can therefore only
be stated when the work for the next volume has been completed.
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APPENDIX A

DETAILS OF CALCULATIONS

1. Trend Calculation.

For pre-war periods, nine-year moving averages have been
taken. In a few cases where seven-year moving averages were
already available, the latter were used, as the differences were
small. For post-war periods, which are shorter, rectilinear trends
have been calculated. For short periods, the arbitrariness of this
type of trend is less than for long periods, as the difference between
a rectilinear trend and a moving average is in this case generally
small. In addition, the rectilinear trend has the great advantage
that no years need be left out of account, whereas, in the case of
nine-year moving averages, four years are lost at each end of the
series.

Let any series be represented by X,, where ¢ indicates the year
(or any other unit period used) and assumes all values from 1 to N,
N being the total number of years in the period considered. Let

its rectilinear trend be Xm The latter is then of the form
X" =a+ bt (1)

where @ and b are constants, which should be chosen so as to

obtain the “ best ” fit between X, and an. This is usually done
by applying the method of least squares, which preseribes that
the expression

Xy — X)* + (X, = X5)" + (Xg — XM+

o Xy — X or ze(x,— X" (2)

be made as small as possible by a suitable choice of a and b. This
problem can be solved most simply if ¢, X, and X( ) are measured
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as dev:atlons from thelr mean values. If the mean values be
indicated by t, X and X“ reSpectwely, and the deviations by t',
z, and :ri”, we have:

i
N

~l

and ( .
~r T T
t'=t—t; 5,=X,—X; 1z =X¢)—X - (&)

It follows immediately that:
¥ =0; Sz,=0; Zz" =0 - 5).
Assuming now that the trend equation takes the form

R O (1

" the method of least squares requires by analogy with (2):

) .
Ttz — x “™)?  minimum (2.
1

Replacing 2{” by its value (1'), this becomes:

N ~
Tt(z; —a’ — b’¢")* minimum,
1

This expression depends on a’ and ', since all other variates
are given numbers drawn from observation. It is therefore a

function F(a’, ') of a’ and &', and its minimum value must,

according to a well-known statement in differential calculus, obey
the two relations:

F(a')b’) 3F(d’, b')
e =0 Ty =0 ©

1 It can be proved that these equahons vield, in this case. a minimum
and not a maximum value. of F,
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These relations come to: 1

z—Na' — b Zt' =0 Srt —a' St —b'Err—0,
Applying relation (5), they are much simplified and become:
’ - ‘ ' ’ ’ ‘ ' | zxft'
a =0 . Zx,t =b'Zt' or b-=—i_t’_2- (7).

The trend, if measured in deviations from its mean value, is
therefore of the simple shape:

(1) , ot
5 =tsm . (8).

To obtain its actual level, the easiest way is to introduce ¢’ into
equation (1), as follows:

x{” —a+ b’ +t)=a+bt+ bt (9).
As the_ average of bt' = %th’ = -Nb—Zt'.= 0, it follows that
a+ b= X,

On the other hand, it may be deduced directly from (2), by

applying the principle of least squares, that X = X (thls, in
fact, is self-evident).

Finally, from (4) and (8), it will be seen that & = 4’: hence the
trend equation in natural units will be:

E.’.Cgt

= (10).

('r) — X + gttt

2." Multiple Correlation; Calculation of Regression and Correlation
Coefficients.

The technique used in this case is much the same as that used

in the trend calculations just described. The problem is to find
coefficients b,, by,, b,,, etc., which give the best fit between any

! For simplicity, the suffixes to the sign X will in future be omitted.
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given series X, and a linear function X', of a number of “ explana-
tory ” series X,, Xy, etc.?

Xiu=by + by X+ by X + b Xy ... (11).

All series may again be measured in deviations from their averages.
(The suffix ¢ will in future be omitted in the formule, as no
ambiguities can arise.) The deviations will be denoted by z,, z{,
z,, etc., and, as before, it follows from their definitions that

zx’ = E.’.C; = zx2 = zxs = e ZI,. = 0 (12).

By this choice, b, will become zero.
The problem is to find for b,, b4 etc., values which make the
expression :
Exf.%m“ = z(xi —_— x;)2 = z(xt —_— b|2I2 -_— b’axs.. . -)2 (13)
a minimum. The quantities z, 5, , will be called the residuals.

They have to fulfil the following conditions known as “ normal
equations ” and perfectly analogous to equations (6):

Lzy(2) — bigxy — by3zy...) =0 or Z2y%y 5. =10
{10
2123 (Il -_— 5”_1‘2 haand b|3x3 ...) == O or 2331‘1.2.__“ = 0
These may be written:
bi-zzxz + 6132-‘”21«'3 + . + blnzxzzu = inxg
b Ex,2, + b,SZx: + e+ by Zx37, = T 24 ) |
» - (15)

bl..\_zx-zl'n + b1321‘3xﬂ "l" ves "+' b,n2x§= lexn |

where # — 1 is the number of “explanatory series”. Equations (15}
are usually the most convenient to use in numerical calculations.

_'1 In C{napters HI-V, where only the first regression has been considered,
X’ and £’ have been replaced by X* and z*,
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All the “ sum-expressions ” Xx:, Zz,7,, etc.... are known from

observation. .
A general definition of the correlation coefficient between two
series is given by the formula:

_ Zzyz
ryg = ol
‘/2:1:1 Ex2

. This definition may also be applied to the series z and x|, and
then provides the “total correlation coefficient” R,,; .. The
result can be put in the form:

(16).

2
zz,

' \/bn Zx.%y+ bz T2y + oo + by Exy 2,
Ryog..n= :
which is convenient for numerical calculations.
. If all series are measured in so-called normalised units—:i.e., in .
such units that their standard deviations become 1, then the
normal equations may be given the form:

big + bygrog + oo+ bypryn == oo

bygras + byg v + byprz, = Py (17)
biaton + biaFsn + oo + by =1y

from which it will be seen that the regression coeflicients in nor-
malised units depend only on the system of correlation coefficients
between all variates.

The coefficients b,,, b,;, etc., to be found from the normal
equations (15) are the regression coeflicients for the first elementary
regression. If, for example, the second elementary regression is
to be determined, the role of suffixes 1 and 2 should be interchanged
and the coefficients in that regression —

x; = b?.l xy + b23x3 + b-z‘z‘ + ave bz,‘x,. (18)
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— have to be calculated from:

by Ex’: + bog T T3 + o blgnlex,, = Zz,7,

bu“ Ex1 I3 + b23 EJ:§ + “"b‘iﬂ E.t’a:cn == Ex2x3 (19)

L] . L] . . L] - - » . - . - -

b{u zxixn ‘+" b23 E.’I:;,x“ + ... b2n2$: = 2:623;,‘

4

Equation (18) should be transformed into:

2" = (2, — by — by Ty — v — beny)  (20)
Lo by ‘ a

by writing z, instead of z;, and z; instead of z, if it is to be used
as a second estimate for the “explanatory equation™ for z,
(Frisch’s method).

The regression used in this publication is the first elementary
regression; for the most important cases, however, bunch maps
(cf. 3 below) have been added.

3. Construction of Bunch Maps.

Here the technique outlined by Professor Frisch, who proposed
the method, in his * Statistical Confluence -Analysis by Means of
Complete Regression Systems * * has been almost exactly followed.
As has been pointed out in § 2, the regression coefficients in nor-
malised units can be determined from the system of all correlation
coefllicients between the variates considered. Starting’ with these
correlation coefficients, it is conceivable that every possible re-
gression formula is calculated in the way indicated subd 2, Frisch’s
method is, however, far more efficient, as any repetition of opera-
tions is avoided. The general idea is that all symmetrical minors

* Publication No. 5 of the Fconomic Institute of the University of Oslo
(Universitetets Jkonomiske Institutt), Oslo, 1934.
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of the determinant of the correlation coeflicients:

r“ri:z . rm

FoyTog ous
Mgy = | T2722 Tom (21)

TutTng vee Fan

should be calculated, and this is done in a systematic way.

As any minor of a two-rowed determinant is itsell again an
element of that determinant, no calculations are needed for such
cases. We begin, therefore, with the minors of three-rowed
determinants. Take, as an example, the determinant

Ty T2 T
Apgg = [ ray rea oy (22).

T3y Fag T33

The_minor Fy, (this notation being provisional only) corresponding
with the element ry, is found from Fyy = Foglyy —Fy3T3a =1 -—r§3. )
Similarly, Fop =1 — rf:, and 7y =1 —r?z. The minor Fy,
.corresponding with ry, equals

— To P33 + Foalyy = ~— Fyo + FysTe3»
Similarly, '
Fyg= — T3+ TaTg
Foz == — Fo3 -+ Tyaly3 -

"The figures for J"i,l and for r;, are written in a table showing them
in the following way:

ra| 123 Fal 123

) . .
1 Fig Fio T3 1 Ty Tya Ty
Faq Taa 2 Fyg Tag T3

-~

3 T3y3 3 Tyz Tag T3
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Because of the symmetry, the figures below the diagonal may be
Jeft out, as has been done in the left-hand table. The figures 7,
can now be easily checked, as there are three ways of calculating
the value of A,y ' :

Agy = ryyFyy + Fiafyg 4 rigfys

= rygTya + FaaFag + roaTas

= Pi3P1s + Faafag + TaaTas s
a well-known identity. This means simply that corresponding
figures in the two above tables have to be multiplied and the
results belonging to one and the same column to be added up.
The same result must then be obtained, whatever column be

taken, .

The desired information concerning all possible regression
coeflicients is now obtainable from table 7,. The regression
coefficient of variate2in the “explanation” of variate 1 is equal to

Fyy, . . s e e . . Tag .
—_ ;1? if the direction of minimising is that of variate 1; — =2
1" Fyo
the direction of minimising is that of variate 2 ¥ and — 222 if the
' Tya ‘

direction of minimising is that of variate 3. Similarly, the regression
coeflicients of variate 3 in the explanation of variate 1 are

respectivel Tis Tag Tss . .
pectively ——, —— or — == in the three cases mentioned.
Ty £T) Fya

Each group of three coeflicients supplies the material for the

-construction of one bunch map. Taking the first group, the
T |

number -—';_-’3 indicates the slope of the beam to be indicated
1

-~

with © 1, .._;E? that of beam ® 2 and —?—3 that of beam * 3; the
12 '
symbol © being used for the “ leading beam’sa"-—i.e., for cases where
minimising has taken place either in the direction of the variate
to be * explained " or in that of the explanatory * variate.
By the same technique, all *three-sets “+-i.e., groups of three
variates—can be analysed.
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Here it must be emphasised that the symbols used above,
F3, etc., are, stricty speaking, incomplete and should be written
Fi312ayy indicating that it is the minor within A,,; corresponding
with the element r,;. Otherwise there would be no possibility of
distinguishing it from, e.g., Fy5.34)-

"In order to make bunch maps for the next higher stage—i.e.,
“ four-sets "—the minors Fy5q5,, €tc., have to be calculated.
Those relating to elements on the diagonal—viz., 71234y Pa2cs234s
etc.—are, owing to their definition, simply equal to Ay, A,;,, ete.
Those not relating to an element on the diagonal have to be
calculated with the formula: ‘

Fiitas 3 = = Tk a0, 3ud oy Tk (0,820 () T

().

The meaning of the suffixes is the following:

«, B ... y indicate the set studied.

i indicates the row, and

j the column of the element under consideration. .

k is a “ current suffix ”—i.e., it assumes all values indicated
under the sum-sign.

)j( means that k must not assume the value j, whereas the
7.'s have to be taken as corresponding to the set
without j. -

As an example, Fyyqg34) may be taken. Here i=1, j=2,
@ B..y=1, 2, 3, 4, and k evidently has to assume the values
1, 3, 4. We find: '

T30y = — Tz — TiaazanTs2 — TragasayTaz-

No further new elements have to be introduced in the calculations.
4. Calculation of Standard Error of Regression Coefficients (Classical
method).

Under the hypotheses formulated in Chapter 1, the standard
error o, for any regression coefficient b,, must be calculated
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by means of the formula:

N M ' .
2 2 11.kk 23
%o T N nc"”'“j" M,, (%)

in which the symbols have the following meaning:

N—n
duals z ,, ., corrected for the number of coeflicients in
the regression formula (11) and therefore equal to:

{a) \/ N dy.93...n 18 the standard deviation of the resi-

1 ) _ ‘/ 1 D e
\/N — Pa.a T VN5 2@ (24).
The easiest way of calculating this standard deviation is given by: _
2 — a2 2
%y 2a.m = b — Rygy )

where g, is the standard deviation of z,.
(b} M,, is the determinant:

2
Ex2 Ex2x3 ngxé. .. .2123n
. .
szxa 2:1:3
2
Exﬂxn ............... Tz

i.e., the determinant formed by all moments of the explanatéry "
series. In those cases in which calculations for bunch maps are
already available, it can very easily be obtained from:

LN N A T
r, ...l :
M = N"-ig4242 2 : :
i =N'"aa ...l o | -
Ty toovennnn 1
_— Nn—lc?cﬁ 2
2% v+ % By .
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where o;...q, are the standard deviations of z;...x,, N is the number
of observations, and A is the symbol introduced in Appendix A, 3.

() My i8 the determinant remaining if the kth column and
the kth row in M,, are dropped; e.g.:

2
Zx2 2.1:2:1:‘ cen .E:c,z:cn
2
) Zzzx‘ Zx‘ E.r‘xn
My =
EX X .. Tx?
2 n

1 Py ~+o - Ton
Fo 1.......
.. Nn-2.2,.2 2 e
M“33 = N 6,6, ... 0, .
Top =ntosonn 1
. Wn-2.2.2 2
=N G20 - %, Aza.. n

5. Calculation of Limits to the Error of Weighting in Regresswn
Coefficients.

The formula devised by Koopmans for computing limits to the
error of weighting apply only when the signs of corresponding
coefficients in all of the elementary regression equations are the
same (after solving for the explained variate z,). In terms of the
bunch map, this means that in each of the maps referring to the
complete set of variates, all beams should lie in one of the four
right-angles formed by the axes.

If a possible regression equation is denoted by

x =b 2 +5b. 7 +b“:1:‘I

1272 13 3
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for the case of three explaining variates, where the variates are
expressed in normalised units, a first set of limits to each of the b's
is formed by the two ultimate beams in the corresponding bunch
map invelving the complete set of variates. Thus, b,; must lie
between the largest and smallest of the four coefficients

- - - s

r r - T
W _ @ B e 2 pw . A2
by = =, by = A - - 12 7
Ty 21 3t i
(25).

Additional limits to the error of weighting in b,,, etc., can often
be imposed from the following considerations. 'To the first
elementary regression corresponds the assumption that dis-
turbances occur only in the first variate. In this case, the standard
deviation of these disturbances is estimated, according to (24), as

‘ N N 2 '
| Vi o=V et =K @),

the standard deviation o of the variate z, itself being equal to
unity. Similarly, if only the second variate is subject to disturb-
ances, their standard deviation is estimated by

N | N

and soon. The expressions containing the four multiple correlation
coeflicients R are easily computed from

2 N L) 2 Ams
1“‘R|.234—'A—s 1—R“3"=A s

234 134

ete.

If any one of the standard deviations (26), (27}, ete., of distur-

bances seems too large to be accepted, a priori considerations may
lead one to adopt limits, say, :

]

Pir P2y Pay P:: (28)
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that should not be exceeded by the estimated standard deviations
of the disturbances in the corresponding variate.

Somewhat complicated calculations or diagrams are required to
find exactly which values of b,,, etc., are still admitted by these
limitations. For practical purposes, the uncertainty concerning
the error of weighting may, however, already be considerably
reduced, in a number of cases, by the following thumb rule,! which
excludes a considerable part of those values of b, etc., that are
incompatible with the limitations (28), but not always all of them.
This rule imposes two additional limits to each of the regression
coefficients b,q ..., the interval between these limits partly over-
lapping, or falling entirely within, the interval defined by the
figures (25). Only values of b, ... common to both intervals, then,
have to be admitted.

The additional limits for 4,4 according to this rule are the largest
and smallest of the quantities :

- A L]

. > . n

i _ e j® =_EEZ, i® =_E, jO=—22 (29

12 n ! 12 ¥ 12 - 2 - *
Ry Ry Py 1}

Here, n,q, etc., are the minors of the elements ny,, etc., in a deter-
minant, obtained from the determinant A of the correlation coeffi-
cients by replacing the diagonal delements ryy, rg,, etc. (which
equal unity), by

Ry =Ty —Pps Py =Ty —fy, etc,

where

———p,, etc.

-

Mutatis mutandis, similar limits for b,5 and b,, are found, which may
then be converted from normalised units to the units in which the

variates were originally expressed.

1 This thumb rule, which has not yet been published, has been communicated

to the author by Dr. Koorrans.
. : 10
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If greater precision is required, it may be useful to determine the
full consequences of the limitations (28) on the coeflicients b,.... -
These can best be formulated in geometrical terms. A set of coefli-
cients, b,,, b4, b,,, may be represented by a point Cin three-dimen-
sional space having these coeflicients as its rectangular co-ordinates,
* Then, instead of the simple limits (25) for &,,, and similar limits for
b,s and b,,, the more restrictive proposition holds that the point C
is confined to the tetrahedron formed by the four points
(500, &1, 680), (62, 8, b7), ete. Further, as a consequence of the
limitations (28), the point C must in addition be confined to the tetra-
hedron formed by the four points (ji, jJ, 'j:?), I N 8
etc. Thus, the point C is confined to the common part of the
two tetrahedra. In the case of four (or less) variates, the exten-
sion of this common part is most easily read from a geometrical
figure, if necessary, using orthogonal projections.

In devising the maximum amounts ¢, o, etc.,admitted for the
standard deviations of the disturbances in each variate, it should
be borne in mind that the disturbances in the dependent variate z,
are also due to the omission of explaining variates of minor im-
portance. The safest procedure, therefore, is to choose p; equal

to, or at a round figure somewhat exceeding, the amount repre-
sented by (26). In this case, the limit p, does not contribute to a
restriction of the possibilities left to the regression coefficients b,,,

etc., by the remaining limitations, but only serves as an aid in
computing the effect of the choice of Pyr Pys P, «

For the computation of the errors of sampling corresponding
to any of the regressions admitted by the limits to the error of
weighting, reference may be made to the original publication.
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APPENDIX B

-STATISTICAL TABLES
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UNITED KINGDOM

| Pig-IRON
Consump- Production
Description Plg-tron ‘ Price of consumers’ Pront
of werles preoduction ti:l:ldo:tler:ln plg-iren of goods margin

Units .. { 000’s tons 000's tons 1782 = 100 1913 = 100 1907 = {00

() (2) &) (4) (5) (8)

1870 5,964 2,738 &4 53.5 168

1 6,627 3,372 47 58.3 164

2 8,742 3,441 74 . 567.9 188

P | 8,566 3,398 85 81.0 190

[ 5,991 3,274 68 82.7 {70

[ ] 8,365 3,680 52 60.9 156

[ 8,556 3,949 48 60.5 138

4 8,608 3927 42 61.% - 136

8 8,381 3,812 36 58.3 134

9 5,985 3,224 37 54.5 {22

80 T7.749 4,020 42 64.6 130

1 8.144 4,057 a7 62.9 i1t8

2 8,586 4,281 39 66.7 120

) 8,529 4,339 37 68.0 112

4 7,812 4,13 32 69.0 104

] T.615 3,782 E1 | 648 94

[ 7.009 3,614 30 65.2 86

4 7,559 3.486 K71 87.8 82

8 7.999 4,415 3 7.6 84

# 8,323 5,064 38 74.9 B4

po T7.004 4,829 39 75.4 82

I 7,406 4,772 36 . 782 90

2 8,708 5,014 33 13.0 82

3 8,977 4,768 32 72.3 80

4 7,427 5,356 32 75.3 72

[ ] 7,703 5,458 32 - 79.5 66

[ 8,660 8,151 34 81.5 68

7 8,798 6,619 34 791 113

8 8,610 6,889 36 83.6 B84

? 9.4214 7.574 47 86.0 78

1800 8,960 7.693 55 84.2 100

H 7,929 7,231 3| 83.7 90

? 8,680 7,491 40 84.1 82

3 8,935 7,765 40 82.2 B84

. [} 8,694 7,739 39 80.8 86

§ 9,608 8,019 42 85.7 84

] 10,184 8,247 46 87.4 92

14 10,114 7,608 48 91.4 100

: 9.057 7.133 43 90.4 96

? 9,532 TAT7 42 88.7 88

10 10,012 7.860 42 89.3 94

1 9.526 8,207 4 9.8 98

] 8,751 8.055 48 $9.8 100

3 10,260 9,540 50 100.0 104

Notes and Sources,

(2) Production of pig-lron and ferro-alloys. British Iron and Steel Federation:
Stalistics of the Irom gnd Steel Industries. :

(3) H(P'tll;:qmumpuon of iron and steel, Unpublished estimate by Mr, A. CAIRNCROSS,
Tiasgd .

(4) Sauerbeck's price index. 8. Kuzneta: Secutar Movements in Production and Prices.

(5 lm{yﬁ c;‘roproducllon of consumers' goods. HorrManN: Weltwirlschafiliches Archiv,

ol, 40,

(6) Profit margin = Index of prices of exported finished products (Caleutation L.o.N.,
based on trade statistics) — % index of waxe rates (Index of BowLsy and Woobp,
taken from Layton: Introduction {o the Study of Prices).
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RAILWATS

FIRANCE

Railway
investment
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Index of
Increase
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Profit rate
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interest
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interest
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(8)
(9)

(o B

(11)
(1)

%_increase in number of locomotives and of carriages, wagons and trucks, weighted
by 1 and 4 respectively. Qriginal data from C. D. CAMPBELL: “ Cyclical fluctuations
in the Railway Industry ® in the Transactions of the Manchester Statistical Society,
1920/30 session.

% increase in ordinary passenger journeys and in tonnage of goods conveyed
weighted by 4 and b respectively. Original data from C, D. CaurpELL, loc. all

Ratio of net receipts to paid-up capital, C. D. CaupmrLL, loc. cil. .

OWLEY: Economic Journal,Vol. XIV, and J. STanp: “ Brilish Incomes and Property~.

Years ending June.

Yield on British Consola. 1. Fisuen: The Theory of Interest.

Market rate of discount. I, FisHER: loc. cil.
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Pi1g-1noN . FINANCE
a Index of
£2 | pig-tron| C9™ |produe- Index | Long- | Short-
en pro- | BatP= {5100 of | Priceof | Profit | Divi- of term | term | Share
3 1 duo- | Honof | “oon- | pig-iron | margin | dends | share |interest|interest| yieid
E-— tion '""l' ’l“d sumers’ prices | rate | rale
ks slee goods
2 [10® me- [10% me- Marks Nominal ) _
a tric trie .1.91130 per % % value % o o
[« tons tons ton = 100
) ) (3 W (% 8 N (£.)] ¢} o | an
1878@ 1.39 1.40 29.3 72.8 —_ 9.486 i 4.61 4.49 T1.50
1 1.58 1.78 34.7 74.7 -— i 1 §.44 3.75 8.73
] §.99 2.32 38.0 108.6 ] i i 4£.26 3.95 7.6%
3 2.24 2.6% 36.4 107.7 i i ] £.30 4.46 6.51
4 2.04 345 811 i £.24 6.20
F ) 2.07 34.3 68.9 _— b 2 4.92
[ ] 1.88 37.7 58.9 - 4.83
7 N 1.83 38.8 55.2 -— 5.43
8 {.88 37.8 52.14 - 5.22
] 1.85 38.3 49.4 -— 5.24
a0 . 1.97 34.8 58.5 5.00
1 55.3 4.92
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3 LPA] 4.92
471 4.83
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Nolea and sources:

g; :;liali’stisrhu Jl’m;:ibm.:ﬁ j’iirtdicu Dentsche Reich (1907) and British Iron and Steel Federatgfm'
: -iron production + net lmports of iron an ¢l production
— consumnption of pig-iron for steel p‘mduct!on. d stecl and their products + steel P

Nn(".i)l Lustitul far Konjunkturforschung, Vierleljahreshefle zur Konjunklurforschung, Sonderheft

5)  Averave price of pig-iron produced. Statisti i ' $07):
sta l(m““h“ raue price pig p d. Statistisches Handbuch fiir das Deulsche Reich (1
(6) deneral index of wholesale prices — % Index of wages, both | deviations from trend.
Institut fur Konjunkturforschung, Vierteljahreshefle zur ‘;(o;njunktucl:?sc::nn Sonderheft 37
auldn,:. l‘:_u‘c‘:r.lvws:u_:d Loc:mf und Erndhriingskosten in Dentachiand. ’ K
. early dividends in 9%, Instit LONj 1 ] on-
junkturforschung, Sonderheft ?Eo. J6. ut tur l\omunktur[ursehung. Vierteljahreshefis 217
(%) Index of share prices in % of nominal value. ]
(9}  Yield on Nxed interest-bearing securities. lbid."nd.
(1}  Murket rate of discount. !bed,
“l’; !lﬁmllkllﬂ““ pald in % of share prices, Jhid, ’
?)  Net increase in number of rooms (Lokalitaten) | iir Konjunktur
l‘ursdnuug. Varrteljahreshefle rur Konjunkiurforschung, )St:‘m}:?iﬂ?:"ﬁ Institut fir Xond
(l.'!) Number of rovms vacant as % of tolal. fhid. T
{13) Yearly average rent per room of occuplied houses. [Tbid,
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et - Rate of 1 =
mg-ease Rent of Il?'fl-’g:&t interest | Profita- Invest- | Index of § §
In num- | Vacan- | occu- building ot bility ment | increase | Profit =N
ber of cies pied mate-~| mort- of index in rate £l
rooms in | - houses rials gage building trame s
Hamburg - banks =
Marks 1913 ]
000°s % per = 100 % % % % % &
room =
(12) (13) {14 {15) {16} umn (18) (19) {20) (1)
9.30 7.93 6.16 1870
o 9.05 {%.99 6.94% 1
§7.01 17.33 5.98 ?
15.63 19.08 5 2
12.87 214 4.7 4
8.43 2.1 4.68 &
3.38 3.07 &4.45 6
612 107 §.58 1.39 §.55 1.16 4.26 7
5.00 5.78 593 96 §.57 1.57 2.40 1.36 4.25 a
§.18 6.50 585 90 4.40 1.78 1.97 §.48 4.28 9
3.58 8.85 580 86 4.28 .93 0.83 5.99 4.44 80
3.18 7.07 , 51 82 4.00 2.14 1.78 5.50 4.54 1
2.89 8.92 573 82 4.00 2.8 313 T.44 4.80 2
0.19 .91 575 87 4.00 2.07 3. 4.88 §.61 3
0.35 3.46 587 93 - 4.00 1.99 2.46 3.07 5.60 4
0.3 2.7 596 93 3.86 1.8 2.35 0.25 &.42 ]
0.28 2.50 615 97 3.50 2.22 1.41 3.8% §.66 [
2.62 2.38 632 104 3.79 1.99 1.48 7.24 5.17 7
4.88 T.82 660 103 3.68 2.38 2.78 8.37 5.40 s
7.61 3.44 677 112 3.50 2.48 3.80 8.70 5.60 9
9.02 4.64 676 100 3.73 2.63 4.73 .65 486 vo
6.92 5.86 681 92 4.00 2.74 a1 .05 4.49 1
7.08 8.38 6R7 R5 3.99 3.03 4.25 0.57 .56 2
8.23 9.04 664 79 3.93 3.01 2.08 5.89 5.03 3
.57 9.00 650 i 3.63 3.13 1.83 1.23 §.98 4
3.16 7.98 643 78 3.50 3.07 2.59 718 5.74 §
A | 6.37 637 - 81 3.50 2.91 3.14 6.83 6.15 []
2.20 4.53 637 93 3.50 . 2.57 3.85 7.36 6.2¢ | 7
2.42 3.5¢ 639 102 3.58 2.28 4£.90 8.10 6.08 8
135 2.97 843 103 3.94 2.04 4.00 6.90 6.12 g
3.93 2.54 650 107 &.00 1.94 4.2% 6.43 5.91 1800
.41 2.15 665 98 .00 2.38 3.08 —2.01 5.14 1
4.29 2.72 676 98 3.98 2.51 2.42 3.46 5.40 2
T.40 3.54 681 101 3.78 2.61 1.91 7.34 5.95 3
10.20 4.38 686 104 3.87 2.52 2.60 - 4.66 6.00 4
10.72 4.80 689 102 3.84 2.63 3.37 8.04 §.29 §
10.38 5.32 694 106 3.95 2.48 &.75 8.28 8.35 L)
8.60 £.65 705 103 4.02 2.64 6.42 6.44 5.60 7
8.03 | 4.56 714 97 .02 2.92 582 |—0.33 §.51 s
8.85 4.82 709 104 .00 2.67 4.06 6.77 5.09 9
13.39 6.87 M7 7 4.00 2.97 31417 6.20 b.74 10
10.85 7.2 T24 97 4.00 3.04 3.74 8.94 6.49 )
12.48 7.48 737 104 £.03 2.94 1.05 6.37 .29 H
618 6.02 T47 100 &.11 3.12 5.22 2.58 5.70 3

{15) Index of price of building materials. Institut fir Konjunkiurforschung, Vierietjahreshefte
tur Konjunkturjorschung, Sonderheft 37. . )

(16) Average interest rate on new issues of German mortgage banks. Institut fir Konjunktur-
forschung, Vierteljahreshefte zur Konjunhkturforschung, Sonderhefl 17,

{7) Profitability = my, — (0.65 g, + 0.35)(0.007 myp + 0.02)

where m, = rent {ndex, in %, 1913 = 8.
gy = index of cost of building materials, 1913 = 100.
m,p, = interest on mortgage banks new issues.

(18) % increase in the number of locomotives, passenger cars and freight cars, with the
mectlve weights 1, 1, 5. Original dala from Slatistisches Handbuch (1907) and Stalistisches
réuch. .

(19} % jncrease in number of passengers and tonnage of goods carried one mile, with the
m::me weights § and 2. Orlgill‘lal data from Stalisttsches Handbuch (1907) and Slatstisches

(20} Net operating income in % of capital invested. Statistisches Handbuch (1907) and
Slatistisches Jahrbuech.

.
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UNITED STATES OF AMERICA — PRE-WAR

Pio-1aoxn ' RAILWAYS FINaNCE
g - hort-
29 Rallway | 1o 1ox of Long 8
=% | Pig-lron - [Indexof | oo ay Stock term term
- Price of | Building | invest- (- 0 o i
= pro- . ent - rate prices | interest | interest
E‘g duction | P'&-lron | volume mdex in traflic rate rate
a
= . . o
< 000°s Sper | 1613 = o, s o o
;‘:; { tons ton 100 % % %
(1} () 3) (1) (9) (6) N (8) (9) (¢ 11)]
; 5.2
1877 | 2,087 18.9 19 39.2
] 2,3 -] 177 17 2.1 g;!
¢ 2,742 PIN 19 444 29
20 3,845 28.% 22 53.9 52
! 4,044 25.2 27 66.7 32
2 4,622 25.8 33 60.8 '
3 4,596 22,4 39 55.9 - 28
] 4,048 19.8 44 46.2 i
8 4,045 18.0 47 48.0 e
s 5.6N3 18.7 51 55.9 s8
7 8,417 20.8 47 558 38
AR AR |
» 7.80 17. i ‘ ) .
»o 9.203 18.4 75 4.65 57.7 5.04% 5.7
! 8,200 17.5 76 3.90 ) 4.60 53.8 517 5.4
$ 9,157 15.8 84 9.70 |  4.44 85.4 4.95 4.4
F] 7.428 14.5 55 8171 4.42 53.0 5.08 6.6
F 6,657 12.7 55 —10.52 | 3.80 49.4 4.90 3.0
Il 8,446 13.4 73 —0.23 0.89| 3.84 51.8 Wk 3.7
g 8,643 13.0 60 1.43 10.65 | 3.84 44.8 4.83 5.8
y 9,653 124 67 0.27 — 1.66| 3.93 £5.2 4.66 3.5
2| 1177 1.7 - 58 1.41 . 1792 4.39 | 522 4.49 3.8
9 | 13,624 18.4 70 2.65 857 4.95 71.0 4.23 §.2
1900 | 13,789 20.0 48 4.23 13.36 | 5.13 61.2 §.15 4.4
1 18,878 15.9 68 8.08 £.95| 543 69.4 4.07 £.3
2| 17,821 22.2 69 £.76 8.58 | b5.63 65.1 4.08 4.9
3| 18,008 19.9 " 6.31 0.6 ] 5.72 55.8 4.24 5.5
4 | 18,407 15.8 80 3.74 1.76 | 5.38 54,2 £.23 £.2
3 | 22,992 17.9 106 2.70 7.28 | 551 79.5 4.08 4.4
& | 2507 2.0 109 6.02 13.28 1 5,80 93.9 4.48 5.7
7| 25,784 23.9 98 7.4 9.73] 5.95 76.2 4.54 6.4
3| ¢5914 171.7 89 4.7% - &55 1 &.91 74.7 4.55 4.3
p | 25795 17.8 195 -9.02 017} 5.22 82.2 4,33 4.0
10 | 27,304 17.4 109 3.03 1519 | b5.53 84.9 4.44 5.0
2| 23,850 15.7 104 3.64 0.30 | 477 82.3 4.43 4.0
| 20,727 16.8 108 1.46 299 | 4.55 88.4 4.46 4.9
$ | 30,866 174 100 3.03 1169 | 4.86 70.5 4.64 5.6

Notes and Sources,

)
(3
W)
5)

&)

0

(8)
(%)

(10)

Production of pig-iron and ferro-alloys. British Iron and Steel Federation: Slatistics of the
Iron and Steel Industries.

Price of No. 1 foundry pig-iron at Philadelphia, U.S,A. Statistical A bstracl. ‘

W, H, NEwMAN: The Building Indusiry and Business Cycles. Chicago, 1935, .

Per cent increase in the number of locomotives, passenger cars and freight cars, with the
reapective weights 2, £ and 4. Orlginal data from the U.S.A. Statistical A bstract.

Per cent Increase in number of passengers carried one mile and weight of treight carrl(‘!l one
T:}leﬁvw‘llh the respective weights 1 and 3. Original data from the U.S.A. Statistical

stract.

Net railway operating income in per cent of total rallway Iinvestment, Original data on net
trailic earnings, net revenue and income or net rallway operating income and or railroad
Investment or capitalisation from the U1.5.A. Stalistical Abstracte, 1904, 1910 and 1924,
The original serics have been adjusted before being linked up.

Average price of industrial stocks. Review of Ecohomic Slatistics, 1918 and 1928,

1890-1899: Yield on ten American Railroad bonds. Review o} Economic Statistics, 1919;
1900-19143: Yield on sixty bond issyes combined. Standard Statistics Co.

Market rate on 60-90-day paper. 1. FisnERr: The Theory of Interest.



FRANCE — PRE-WAR

|
Pio-1noN RarLways FINANCE
g x
- Produc- c?i'(‘)s&mo‘ Price 1?1?&‘;:‘3 Indexof| 5 a. |Indexof|Indexof
T& qHon of 4yinang|  Of ment | lnCTease | Too 0 share | bond
5"6 pig-iron | " | plg-ron | oo |in traflic prices | prices
=]
= 000's | 000's ‘| framcs 1901-10 | 190110
B ‘[ tons | tons |perton| % % % | =100 | =00
(1} 7 *» | W %) t (6 M ® )
1870 1,178 1,212 92 3.7 — 9.0 4.40 &9 87
1 860 836 98 3.8 8.3 5.20 . 55
2 1,218 1,162 1 8.2 19.4 §.84 81 56
a 1,382 1,344 137 5.3 4.4 4.67 85 58
. 4 1,416 1,380 119 4.2 — 14 444 85 62
5 1,448 1,488 108 1.8 4.8 4.65 94 66
8 1,435 1.519 98 0.8 2.8 4.59 92 0
7 1,507 1,641 95 4.6 — 1.7 4.29 95 72
8 1,502¢ 1,663 83 3.7 9.8 4.52 99 11
L 4 1,400 1,527 85 1.9 - 041 4.33 102 a2
&0 1,725 1,872 93 3.2 13.5 4.80 113 B6
1 {,886 2,244 91 7.4 548 4.82 125 87
2 2,039 | 2,590 o1 7.8 3.6 444 114 84
3 2,069 2,520 a1 5.2 3.0 408 $02 Al
4 1,872 2411 75 3.8 — 4.0 3.61 98 79
5 1,631 1,744 62 2.4 - 2.7 31318 88 82
[} 1,517 1,559 5% i8 -— 2.0 3.27 86 84
7 1,568 1,444 57 1.0 g.l 338 a7 83
L] 1.683 1,651 57 1.0 .8 3.40 92 84
9 1,734 1,506 61 1.2 11.4 3.61 97 87
0 {1,962 | 1,728 T0 0.9 0 3.50 104 94
| 1,897 1,827 65 1.2 . &5 3.42 103 97
2 2,057 2,043 61 1.8 4.3 3.16 g8 100
3 2.003 2,014 58 1.0 'R 3.10 96 106
4 2,069 2,052 57 1.4 2.4 3.23 1 103
§ 2.003 1,868 55 0.8 3.3 3.40 92 104
[ 2,339 2,103 56 0.8 3.4 3.57 93 104
7 2,484 2,367 58 0.6 3.5 3.69 102 105
] 2,525 2,375 63 0.6 5.8 3.86 110 105
] 2,578 2,542 72 1.5 5.1 3.93 13 103
1800 2,714 2,908 82 3.1 9.1 3.88 109 103
1 2,389 2,362 70 3.0 - 5.1 3.52 96 102
g 1 2,405 2,067 68 1.4 1.2 3.67 89 103
3 2.841 2,489 64 1.0 1.8 3.82 89 - 100
4 2.974 2,561 63 ti 11 3.93 90 99
§ 1 3.077 2.637 68 — 0.4 8.3 £.03 101 i
[ 3.314 2,983 80 0.7 4.5 4.16 105 100
4 3,590 | 3,075 87 3.8 5.8 3.97 §05 87
L] 3,408 2,925 82 4.9 44 3.88 102 98
9 3,574 3,152 82 - 1.9 2.8 3.89 108 100
1o 4.038 3,715 78 1.8 3?2 3.84 116 100
1 £,470 4,278 76 3.8 51 3.72 124 98
2 4,939 4,649 3.6 5.3 3.82 130 9%
& 5,207 4,817 &5 5.3 3.91 127 B9

Notes and Sources.

(2) Annuaire statistique de ia France.

(3) Pig-iron production + net imports of ple-iron, iron and steel and manufacturcs
lhereot. ” Dala from Annugire statistique de la France and Institut de Recherches écono-
miques de I'Université de Paris. .

(4) Average price per ton of pig-iron preduced. Annuaire statistique de la France,

(3) % increase in number of locomotives and of passenger and freight cars, welghted
by 1 and 3 respectively. Original data from Annuaire siatistique de la France.

(8) % increase in passengers carried one km. and goods carried one km., weighted by
b and 5 respectively. Original data from Annuaire stalistique de la France. ]

{7) Net receipts per km. of line divided by cost of construction of one km. Annuaire
Hatistique de la France. . L
1 ('8) ;_ndex of price of variable interest-bearing securities. Bulletin de la Statistique générale
€ I& France, 1919/20.

(9) Index of price of 3% “rente”. Bullelin de lo Siatislique générale de la France 1919/20.
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SWEDEN — PRE-WAR

I BurLping
= .
28 | Number Cost of | Long- | Profit- Cost
BE 1 rolfue | Vogane | Remt | conton | imrercat | “or” asmessc living income
Toljtl ] 2 | ndex ructio
Eg "buiit e jndex | .rate |building| IRCOMe | jpqex ( €arned
2 . | 1881-70 | 1861-70 million | 1861-70 | 10 kr,
S { 000's % - 100 | = 100 J % % kr., = 180 | 1861-70
M| o (3 (4 5) -] (B n (8) (9) (10)
1850 5.3 07 5.8 286
118 : 107 58 | 304
? 9.4 2.0 4 108 5.7 318 108 3H
3 8.0 3.8 12 112 57 - 2.26 332 105 H
€] 105 4.2 118 112 5.1 2.58 33 101 35
5| 10.8 .8 18 110 5.6 2.93 349 96 36
¢ 6.8 b.4 112 108 5.6 2.56 345 92 .38
7 6.1 8.2 105 105 5.4 2.33 350 88 41
] 6.2 5.1 100 109 5.4 1.92 355 91 42
? 5.4 3.9 95 109 4.9 1.68 384 96 i3
90 7.8 8.5 95 142 47 1.80 i1 98 43
1 4.2 5.1 94 109 48 1.67 418 | . 101 43
2 1.7 5.0 93 107 4.9 1.62 . 425 99 43
3 0.9 35 93 108 4.8 1.68 432 95 4T
4 2.5 1.6 95 109 48 2.24 448 20 52
] 4.0 1.6 100 -} {14 i8 2,04 465 92 54
‘ 8.3 0.8 107 117 45 2.54 495 91 59
7 4.5 1.2 107 {19 4.4 2.52 538 94 .64
2 6.2 0.3 120 124 &4 3.30 601 98 67
’ T4 v 1B 135 131 4.8 3.79 660 103 <70
1900 £.2 1.4 138 125 5.4 4.08 716 $04 73
! 43 1.6 138 115 5.3 447 764 104 .78
2 5.9 1.4 132 17 5.1 4.03 765 102 . 81
4 2.9 2.8 115 136 48 | 348 B3 | - 104 87
£ 12 3% 139 127 %] 4.23 885 103 91 .
& 8.8 2.3 144 §38 49 3.79 944 105 .97
61 114 £.0 14b 139 5.0 3.84 £,017 107 1.07
7| 110 1.0 160 155 5.3 3.95 1,145 113 IRIE
r 1.0 1.6 175 145 5.5 5.53 1,245 114 1.4
» 8.7 2.2 178 148 5.4 5.48 1,268 113 1.41
10 1.8 2.4 169 154 5.2 5.00 1,254 113 .28
1 5.7 24 166 14k 5.4 5.25 1,446 412 1.36
¥ 8.9 2.0 172 160 5.0 4.95 1,519 119 1.39
$| 124 8.6 169 160 5.4 5.10 1,655 119

Noles and Sources,

(2) Total number of newly built reoms or kitchens In Stockhol o r tockhoim.
Since 1406, adjusted for change In scope, . Statistical Abstract for Stock

{3) Number of rovns vacant on Decemher 313t as & percent : isti f for
Stockholm ; 1383-T: eslimated, P 28 of total.  Statistical Absh@: f

(4) and (5) MYRDAL. The Cosl of Living in Sweden 1830-1930. ‘
{8) Interest rate of Swedish savings banks. LiNpAHL: Nalional income of Sweden 1861-1930.
(7) Profitability = m, = (0.007¢ym, j + 0.02g,) where m, = rent in % (1861-70 = 8); gy = Index
of construction costs, 1861-70 = 100 im p = long-term interest rate.
(R) Assessed income from capit i iati H
() MYnnAL: loo ot pital and wages, Sveriges Stalislish Argbok.
(10} Asacssed income of following Year, divided by cost-of-living Index.- -



— 155 —

SWEDEN — POST-WAR

BuiLpixe
e | Dwel
§§ Rooms li‘:;s— Con- Con- Savings | Profit- | Pront- Real
2% ] built built In Rent struc- struc- banks ability [ ability | ea
Ba | in 296 | g o, | index tion tion | Interest of of em'""‘:
g | cities Lok costs (i) | costs (i) | rate |building |building | €3*"¢
a - ) (0]
= 1.VI1
= » . - 1913 {914 'Kk
00 0 1914 107 Kr.
£ 000 | 000 NG | =00 | =00 | % * % 1913
(1) ) 3) (%) (5) (6) N (8) (9 (10)
1923 169 211 210 5.2 1.6 1.7 2.65
4 0.0 2.8 180 218 230 5.5 §.8 0.9 2.78
] 42.3 £.2 186 219 235 5.6 2.0 1.0 2.8
[ ] 43.5 6.1 188 215 235 5.5 2.4 | 2.96
7 43.9 6.6 198 213 232 5.4 3.3 2.3 3.07
8 46.7 6.0 199 210 232 5.5 3.6 2.4 3.10
9 46.4 5.8 200 209 232 5.5 3.7 2.5 3.34
a0 59.5 8.4 04 208 232 r 5.2 4.5 3.3 3.48
1 59.3 1.7 206 . 2014 232 5.2 5.2 3.5 3.6
2 52.7 6.9 206 » 194 228 53 5.4 1.4 312
3 40.2 3.7 203 192 221 4.7 6.2 4.8 3140
4 5.2 3.0 202 191 217 &4 6.6 5.2 3.49
] 76.7 5.8 . 199 193 217 3.9 6.7 5.7 3.70
[ 86.9 6.9 197 193 3.9 (3.90)

Noles and sources.

)

L))

(4)
(3}

{6)
(7)
(8)

9
{10

Gross increase fn number of rooms or kitchens in 298 cities. LiNDAHIL: The National Income
of Sweden, Part II—and Sociaia Meddelanden, No. 7, 1937—Adjustmenis have been made
because the number of cities varied slightly,

Number of dwellings built by private enterprise only. Stochholm Stadzhkollegiets utldianden
och memorial—Bihang, No. 10A, 1935. — Sociala Meddelanden, 1947,

Index entering into the cost-of-living index, Stalistisk Arshok for Sverige, .
Index of construction costs. Svenska Handelsbanken: Index. See note (a) on page §7.

Index of construction costs in Stockbolm, Statistisk Arsbok Jor Stockholms Stad.

Svenska sparbank foreningen. Stalistisk Arsbok for Sverige.
Profitability = my — (0.007 ggmy p, + 0.02¢,) Where m, = rent Index in %, 1014 = 8,4, =

Index of construction costs (i), 1913 = 100: m, ), = long-term Interest rate.
As (8), but with index of construction costs (ii). -

L]
Total assessed income of following year divided by cost-of-living index. Stalistisk Arsbok
Jér Sverige. .
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UNITED STATES

Pro-1moxn ‘ BUILDING
g Rest- Resi-
£ ts’ dentlal | dential Profita-
E'g J Pig-lron KI:::::L-. Price of | cons- cons- Rent | Building| bility |Stock of
§ §preduc- ¢ “oine. | pig-irom | true- | true- | Index | costs of houses
E- Hon | jndex tion { tlon building
a° i) )
= ™ o 99
= 9 {0 er ] 10" mnq. 1618 1923-25 ,
S y10" tons torg | Nn ] 10t [Thea™ | oo | '200 | % (ovo.oes
{1) N (3) (4) (5 (6) (7} (8) 9 (10)
19 mwa 38.7 ‘ 104.7 89.2 — (.15 20.5
': 31.0 | 12.3 3t 288 114.2 93.5 0.08 20.7
20 16.9 12.4 4.5 {122 164 134.9 118.5 - 1.28 20.9
1 18.7 9.7 - 25.3 1841 244 159.0 95.1 246 .| 2112
2 1.2, 10.8 . 27.6 3145 370 160.9 82.3 §.40.1 21.6
3 (1IN Y 14.2 29.0 3980 422 163.4 100.9 3.05 2.0
¢ 3.4 14.1 , 233 4244 452 168.0 101.6 3.46 225
s 38.7 15.4 22.3 4754 560 167.4 97.5 3.84 2:'3.1
[ ] 39 4 16.9 2.3 4314 521 165.4 98.1 3.78 23.7
7 -18.8 16.2 20.4 . 4064 405 1621 97.3 3.76 4.2
s 38.2 16.7 19.2 A813 568 157.6 97.5 3.45 4.8
] §2.8 18.4 20.% 2623 388 o 1537 97.6 2.96 25.2
30 .8 164 20.3 1458 , 230 1496 95.7 3.02 25.4
1 18.4 11.8° 18.7 1065 190 142.0 85.5 3.09 25.6
| 8.8 7.9 174 282 T4 1278 . 74.0 241 25.7
3 13.3- 1.7 18.3 204 73 108.8 . B80.3 0524 25.8
4 16.4 - 208 214 64 1024 93.4 — 0.4 25.9
& 20.4 2.0 585 135 1024 92.0 0.38 26.0
[ ] 30.9 22.0 {1202 224 104.8 T 97.3
7 46.6 25.8 1278 236 110.0 108.5

Noles and sources.

(2) Production of pig-lron -and ferro-alloys. Statistical Abstract of the Uniled Slates and
Survey of Current Business, Depariment of Commerce,

(1) Flow of producers' durable commodities to enterprtsei 4 fMlow of consumers’ durable
commodities to houselholds and enterprises. . :

(A) Price of Dessemer pig-iron at Pittsburgh. Silatistical Abstrucl.

(3} Value of total new non-farm residential bullding. National Burcau of Economic Research
Bulletin No. 65. To oblain an index of volume this series has to be defated by construction cosls.

(6) Construction contracts awarded, floor epace of butldings. Data from Doper Co., in
Slatistical Abstract of the Uniled Staies. '

(1) Index of the Bureau of Labor statistics. Figures for June of each year.’
(8) Index of construction costs of the Engineering News Record, Statistical Abstract.
() Profitabllity = m, — (0.007qamy , + 0.02¢,)

where my a= rent index in %, average 1901-35 = §,
dr = index of construction costs, 190{-35 m 100,
myp = long-term interest rate.

hu‘l : ‘ill} Estimated number of houses at end of year based on census data and yearly volume of
ng.

.
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IST-WAR

Propuctiow, Pricss, Finaxce

=

proe | TRe% | Cost- | Corpo-| [rhan Index { Long- | Shart- Sz
f con- | whole- of- |rations wor- Capital| Profit of terin terrn | Share | &%
m‘;‘;rs’ slale living [ met | L. | gains |margin| stock [interest|interest] yield [ “53
roods | prices Index {income incomel prices | rale rate g-s
10°¢ | 1926 | 18223 v # v, | 1929 | 1928 . =
1920 | =100] =100 10" 8 | 1073 [ 10781 Yoo | 2g0 | % % ol A
(11) (12) [§ ¥} (14) (15) (16) (17) (18) (19) (20) (1) {t)
53 125.0 94.2 7.67 56.6 5.43 8.0 11.9 191X
61 1344 | 1023 8.421 144 1.21 1268.4 72.8 5.49 5.6 9.0 ]
50 157.7 | 118.2 5 87 15.9 1.4} 1402 66.1 6.12 1.5 9.4 20
45 1140 | 1023 0.46 | 15.0 0.5) 116.4 51.6 5.97 6.8 9.6 1
53 o1.4 87.4 §.77 16.4 $+.3] 110.8 64.7 5.10 4.7 6.9 )
59 102.0 | 1000 6.31 17.9 {46 107.8 66.8 5112 5.0 LR )
59 996 | 101.3 5.36| 18.7 2.0] 106.4 69.6 5.00 3.9 1.3 [
61 102.9 | 1037 7.62] 199 461 111.2 R84 4.88 4.0 7.3 ]
65 103.2 | 104.3 750} 202 3.6] 110.4 100.0 4.73 4.2 7.3 L]
66 96.5 | 102.0 6.51] 20.9 L& 1058 118.6 .57 4.0 6.4 7
70 96.4 { 100.6 8.231 22.¢ 7.8 103.0 154.3 4.55 4.9 51 s
T4 95.9 | 1004 8.74 | 23.7 6.2 1000 189.4 4.7% 5.8 {8 9
86 82.5 96.7 155 224 |j— 3.5 93.2 | 1406 4.55 3.9 5.2 Je
61 78.2 B7.2 | —3.291 195 |—10.4] 78.2 87.4 4.58 2.8 (.38 | I
56 67.3 77.9 | —~564] 157 |— 5.9 69.6 46.5 5.01 2.8 8.0 4
. 61.0 74.9 | —2.55] 148 65.8 657 4.49 1.7 5.1 F
72.2 79.4 81.1 §.00 1.0 é
78.8 82.8 90.8 3.60 0.8 I
80.6 848 3.4 [ ]
85.9 88.5 3.28 7

{11) Estimates based on data from WARBURTON, Journal of the American Sialislical Asso-
ation. Vol. 30.

(12) Index number of the Bureau of Labor Statistics. Figures for January of each year.
(13) National Industrial Conference Board. '

{14) Corporations’ net income minus deficit. Siatistical Abstract and Statistics of Income.
(15) Estimates based on data from 8. KuzNeTrs: National Income, 1919-1935, Natlonal
ureau of Economic Research, Bulletin No. 66.

(16) Estimates based on data from WaRBURTON, Journal of Polilical Economy, vol. 43.
(Ir'!d) Index of cost of living — % index of hourly earnings. National Industrial Conference
oard. .

(18) Index of Standard Statistics Co. for Industrial stocks.

(19) Yield of sixty bonds combined, Standard Statistics. 1936 and 1937: estimates on the
asis of forty-five bonds.

(20) Market rate, 4-8 months commercial paper. 1. FisRER, The Theory of Interest and League
! Nations Monthly Builetin of Statistics.

(21) Cash dividends In % of total capital stock. Statistics of Income. Up to 1925, capital
iock has been estimated on the basis of new corporate issues and index of stock prices. But for
slight difference of trend, the movements of the series of share yieid thus calculated are highly
srrelated with those of the series published since 1926 by the Standard Statistics Co., New York.
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UNITED KINGDOM

‘ ., Pro-1aoN - BUILDING
R Plg-iron Plg-iron Price of of houses | Rent index
of scrics production | consumption pig-iron built
Units { 10° tons 10* tons £ per ton 000's VIL1814=100

)y -~ (2 {3) 0] G ()
19189 7.40 5.45 6.85 {105
20 8.03 5.48 10.45 124

1 2.82 2.42 6.87 148

] §.90 2.03 453 153

3 7.44 4.08 5.44 - 67.5 148

4 7.3 5.49 £.41 69.2 1547

] 8.26 4.83 . 3.63 66.4 147

s . 248 ® 4.95 4.38 63.9 149

7 7.20 * 4.95 3.65 60.3 154

[ - 6.68¢ £.79 3.29 64.7 . 154

9 7.59 5,57 3.51 91.7 153

30 6.19 5.58 3.35 125.4 153

1 3.77 4.40 2.93 128.4 154

g 3.57 3.04 2.93 142.0 154

3 4.14 - 2.98 3.4 207.9 156

4 5.97 4.83 3.35 286.4 156

s 6.42 4.85 3398, 271.4 157

L] 7.69 6.63 3.68 273.2 159

7 - 257.4 159

Notes and Sources.

(2) British Tron and Steel Federation: Statistics-of the Iron and Steel IndusHea.'

() Production minus net exporis of iron and steel and their prodacts. British Iron and
Steel Federation and Annual Slatement of the Trade of the United Kingdom.
* Average of 1916 and 1927,

(&) Price of Cleveland-Middteshrough pig-iron. Yearly article by the Editor of the Statist,
Journal of the Royal Statlistical Society, Part 11. v

(5) Number of houses buill by private enterprise without State agsistance; years ending

‘ fullowing March; Statistical Abstract for the Uniled Kingdom and Annual Report,
Ministry of Health,

(8) m;?lt‘ cl;ltilgng ;rf‘the C(;“'ﬂmlv":f indexl. ﬁl‘.’: to 1928, figures retate to controlled rents;

¢ 1929, to controlled and uncontrolled rents combined, t of Labour

Slalistics and Monthly Labour Gazetle. 20th Abatract of La )
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BuiLpixNg FINANCE
dex of Profitabilit Real income Long-
nlr::struction of y from wages Proit term Description
costs . building and salaries rate iﬂ:g[:si of series
1929 = 100 % 10% £ 1914 - % % } Units
{7} (8) (9} - (10) 1) 1)
156.9 —2.64 . 4.62 1919
142.% —0.28 : 15.2 5.32 20
115.6 2.14 10.3 5.21 1
103.6 2.55 12,5 7.0 4.42
99.9 2.64 13.6 9.8 &.31 3
971 .75 13.6 10.3 4.39 4
97.4 .79 13.7 10.9 §.44 ]
100.9 2.73 13.0 1.3 4.55 L]
100.¢ 2.79 151 10.5 4.56 7
100.0. 2.78 14.2 111 4.47 [
96.8 3.05 14.8 10.5 4.60 9
95.2 3.25 14.7 9.8 &.48 30
93.2 . 3.78 152 7.2 4.39 1
89.5 4.27 16.4 5.8 - 3.74 2
88.9 4.47 16.2 6.1 3.39 3
B7.9 .70 16.7 1.2 3.10 4
88.1 §.77 17.2 8.5 2.89 ¥
927 17.4 9.7 2.9% 6
7

(7} CoLiN CLARK, Investmenl in Fixed Capital in Greal Britain, Special Memorandum
No. 38, London & Cambridge Economic Service. This series has been conlinued
on Ngures cobtained from Mr, R. STONE.

(8) Profitability = my — (0.007g,my p, + 0.02g,) where m, = rent index, in %, 1929 = 8;
gy = index of construction costs, 1929 = 100; m p = long-term interest rate.

{9) Income from wages and salaries according to C. CLank, National Income and Outlay,
divided by index of cost of living.

{10} Ratio of profits of a sample of industrial corporations to their preferred and ordinary
. capital, .  The Economist.
(11) Yield of 2%% Consols. Statistical Abstract for the United Kingdom and Statislical
Summary of the Bank of England.
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INDEX

Acceleration principle, 39, 115, 123,
126,

Amortisation, 36, 90, 91.

Averages, moving, 47, 95, 118, 133.

BartLETT, M. 8., 80 n.

Beams, in bunch maps, leading, 31,
33, 140.

uitimate, 33.

Boer war, 72.

Bond yield, 38, 453-6, 127.

Bocem, building, 93 n, 108, 131.

—— stock exchange, 66.

Building, general, 43, 48, 77.

——— non-residential, 43. '

— residential, 43, 90, sqq.

—— boom, 93 n, 408, 131.

—— costs, 90-1.

cycles, 94-5.

Bunch maps, definition and theory
of, 30, 31, 138-41.

——— explosion of, 114.

—— in investment, general, 86-9.

—— —— building, 111-14,

railways, 128.

Business cycle, 12.

shock theory of, 41, 80.

Capacity, productive, 20, 35, 38, 39,
64, 126.

Capital goods, price of ( see also Price
of iron), 36, 41, 44.

Capital stock, 37. )

Cuark, C., 72.

Closed economy, 132.

Coeflicient (see also tables in each
chapter), correlation, 18, 20, 24,
29, 50, 135, 1372.

—— regression, 17, 19, 20, 22, 29,
32, 50, 135.

————— true, 28, 30, 87.

Component, erratic, 28.

systematic, 29.

Confidence, 94.

crisis, 66, 94.

Consumption, goods, 39 n, 43, 45,
60, 61.

-— of pig-iron, 26, 43, 67, 72-3.

Correlation, curvilinear, 16, 20, 24.

imperfect, 18, 23.

linear, 46, 19, 20, 22, 77, 136.

—— multiple, 13, 21, 23, 24, 135-8,

—— perfect, 16, 19, 20, 22, 29.

—— serial, 79-80.
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