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PHEFACE 

About two years ago the League published a hook of which 
Professor Gottfried voN HABERLER, now of Harvard University, 
was the author, under the title " Prosperity and Depression ". 
The purpose of this hook was to examine existing theories concern­
ing the nature of what is currently termed the trade cycle, with 
a view to ascertaining what they bad 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 

-hook, 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 he quantitatively expressed, to statistical analysis ", 
and, in so far as they cannot he 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 bas 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 he 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 two 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 anrl 
suggestions, and especially to Professor D. H. RoBERTSON, 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. 

Geneva, January 1939. 

A. LOVEDAY, 

Director of the Financial Section and 
Economic Intelligence Service. 
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CHAPTER I 

INTRODUCTION 

§ 1. PURPOSE OF THE STUDY 

The purpose ofthis 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 behavim,1r 
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), 
hut 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 its 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. l\IETHOD EMPLOYED 

The method of study here employed, sometimes described as 
" econometric business cycle research," is a synthesis of statistical 
hus.iness cycle research and quantitative economic theory. A little 
may he said about each of these two elements. 



-12-

( 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 
so 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 is 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 illustrate~, 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 he called-the statistician can 
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throw light by the use of the method called multiple correlation 
analy~is. The details of this method are described in non-technical 
language in · Chapter II, and in mathematical language in 
Appendix A.1 

(2) Economic theory, to be capable of statistical test, must be 
expressed in quantitative-i.e., in mathematical-form. What has 
usually been kno·wn, however, as mathematical economics deals 
chiefly with the conditions of an equilibrium which tends to he 
established in the long run, but is certainly not realised in the course 
of cyclical fluctuations. To he useful, therefore, for business cycle 
research, economic theory needs to he 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, hut '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 
Sv.edish economists have described as "sequence analysis". 

Take, for instance, the static concept of the functional relation 
between price· and quantity supplied.1 To convert this into a 
" reaction relation " or " direct causal relation " three things must 
he 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 
he mentioned explicitly-though in some cases, if the lag is very 
short (i.e., if adaptation is almost instantaneous), it may legitimately 
he 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 he shown, and not left concealed in a 
ceteris paribus clause; though here again minor causes - i.e., 
those whose combined effects are small - may legitimately he 

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

1 This instance is taken for the sake of illustration only. In the study 
of cvclical fluctuations other "reaction relations", such as those determining 
the "movements in total outlay on investment or on consumption, appear to 
he or 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 rycle research. 

§ 3. l\IAcRo-EcoNomc APPROACH 

There is 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; Gr 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 coefficients 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 II 

ELE~IENTARY 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 he 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 he 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. Graph 11. 2. 
SCATTER DIAGRAM. PERFECT CORRELATJO!'I. 

y 
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diagram (cf. Graph II. 1) each point, such as P, is so situated that, 
with a given scale, the length of its two "co-ordinates" Xp and Y P 

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 pE;rfect 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. If it 
Perfect linear is, 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
cur~~ilinear 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) hut also through 

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

••• ..... 

Graph II. 3. 

TYPES o•· LINEAR CoaRELATJOX. 

A: Linearity. 
B B: Proportionality. 

C: Equality, 

X 
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The CUI"Ve through the points is called the regression 
Regression cur!le. If it is a straight line, its slope is termed the 
curves and regression slope and may be measured by a " regression 
coefficients. coefficient ": 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 uriit 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 + 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 andY is called the lag; Y lags behind X or X leads Y. 
It will be clear that if X is cause and Y effect, then X will lead Y. 
This fact may sometimes be used in order to find out which of 
two series is cause, which e1Tect.1 

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 11.4, 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 efTect. 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: Yt determining Xt+l and Xt+l determining Yt+2· 

2 
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(B) Total stock of houses, United States, deviations from 
trend (inverted ).1 

Graph II. 4. 

ExAMPLE oF LAG. 

It is at once clear that there is 
a lag of about three years and 
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 t<> 
exist. That curve will now 
no longer be exactly determined. 
Various choices as to its type 
are possible, some of which will 
be discussed later. Once a choice 

1920 !92.5 :.00: 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 is 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, 

• The trend or a series is a series indicating its general tendency. Details 
as to calculation or trend will be round 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). 

Regression 
curPes and 
coefficients. 

The notions of regression curve and regression 
coefficient, introduced above for the case of perfect 
correlation, are also used in cases of imperfect 
correlation; hut they now depend on certain 
choices. 

First, the type of curve has to he 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 he 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 P1, P2, etc. As a regression 

Graph II. 5. 
curve, the line AB has been 
chosen. The deviations of P 1, P 2, 

MEASUREMENT OF DEVIAT-IONS 
etc., from AB, measured in the FROM A REGREssw:ot LINE. 

direction of the Y -axis, are indi-
cated by P1Q~o P2Q2, etc. Those Y 
measured in the direction of the 
X-axis are indicated by P1R~o 
P2R2, etc. 

The third step is to adopt 
some method for determining the 
curve in such a way that the devi­
ations just defined will he as small 
as possible. Usually the "method , .. 
of least squares " is taken: the ., .. 

II Cl. P,·-------- I I 
I I 
I I 
I --------+ R II, I 

l 

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 {irs elementary regression line. IC deviations are measured in 
the X direction, the second elementary regression line is obtained. 
Each of the regression lines will he characterised by a regression 
slope and a regression coefficient. 
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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 coefficients 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, ete. 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 
andY is exact, and therefore gives an answer to the verification prob­
lem. The regression coefficients indicate about how large a change in 
Y corresponds to a given change in 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, 
Example. "value added" per ton of pig-iron, andY, pig-iron 

production for Germany, 1881-1911. Value added 
per ton, which equals price minus raw-material cost, has been taken 

Graph II. 6. in order to eliminate the effect 
EXAMPLE or SCATTER DIAGRAM. of the most important changes in 

. I 
y 

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. 

<•J 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 
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linear regressions have been calculated and the corresponding Jines 
drawn. The first elementary regression formula runs: 

Y- Y = 0.71 (X- X) 

in which X is the average value of all X's (except that for 1900) 
and Y is the average value of allY'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 eJ'asticity 
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 0.71% (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, 
more than one cause 

is ordinarily assumed to have 
acted. Fluctuations in a series x1 

will have to be explained by 
the fluctuations in a number 
of other (" explanatory ") series 
X2, x3 , etc. To begin with, 
the nature of this problem may 
best be illustrated by an his­
torical graph of all the series 
involved (cf. Graph II. 7). For 

PERFECT !IIUJ.TIPLB CoRRELATION, 

••• 0211 

1/ 

~--"" 

I 

.... 

1..,.; !'..... 

2 • 

;K· I 
I~ : 'vri 
A• I I : 

./ 

'--I 

~·' i 
"' v 

I 
s 6 7 



-22-

the sake of simplicity, we may again start with a case of perfect 
linear relationship. 

Perfect 
linear 

multiple 
correlation. 

The problem then is to find the figures b2, b3, etc., 
by which the series x2, x3 , etc., have to be multiplied 
in order that the sum b~2 + b3x3 + ... , calculated for 
each time-point, may equal the corresponding figure 
for x1• In the theoretical example of Graph II. 7, 
these numbers are 2 and 5. In fact, 2x2 + 5x3 gives 

exactly x1 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 x2, x3 showing no decline at all in that year. On 
the other hand, the rise in year 8 can only he explained by x3, as x2 

does not rise in that year. These two examples clearly show that 
only a combination of x2 and x3 can give the right result. Moreover, 
it is the combination with coefficients 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 x .. 
These elementary remarks are intended to demonstrate that 
considerations of· this kind may he helpful in the study of ac­
tual relationships, @ince they may show, after a mere visual in­
spection of the statistical material, whether or not success is to he 
expected. 

As in the case of simple correlation, the coefficients 2 
Regression and 5 in the above example are called regression 
coefficients. coefficients. As before, the regression coefficient 

indicates the increase {or decrease) in x1 caused 
by a unit increase of x2 or x3 respectively; and, as before, a 
first rough test can he applied to this conclusion by enquiring 
whether the coefficient has the sign which economic theory would 
lead one to expect. 

Influence 
of x2• 

In the expression 2x2 + 5x3, the term 2x2 {in general 
b~2) may be called " the influence of x2 " and 5x3 

" the influence of x3 ". In using these terms, one 
must, however, bear in mind that this expression is 

justified only so far a@ the economic theory which has prompted the 
calculation is 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., 
2a .. ,, etc. All these expressions are independent of the units in 
which x 2 or x3, 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 variates in a plane 

diagrams. is not easy; but, instead, two or more partial scatter 
diagrams may be considered. The first uses as co­

ordinates Xz and X 1 - 5x3 (in general, x1 - b3x3) : i.e., x1 " minus 
the influence of x3 ", or "corrected for changes in x3 ". The dia­
gram so obtained illustrates the relation bet ween x2 and x1 " other 
things being equal " or, more exactly, " other relevant things being 
equal". A second diagram may be constructed comparing x3 

and x1 - 2x2 (in general, x1 - bzX2). 

Imperfect 
multiple 

correlation. 

The same technique 1 can be usefully employed 
in cases where no figures b2, b3, etc., can be found 
which make bzX1 + baX3 + ... exactly equal to xb 

for each time-point. This, in fact, is generally the 
case as long as the number n of series considered 

is smaller than the number N of time-points.• We must be satisfied 
if certain values for b2, b3, ••• give a fairly good fit. As in the case 
of only two variates, such coefficients b2, b3, ••• can be calculated 
after choosing the way in which deviations are to be measured 
and minimised. Again, b2, b3 are called regression coefficients, and 
the expression 

x: = bzXz + baXs + ... 
is called the regression equation of x1 on x2, x3, etc.; X: is often called 
the calculated or theoretical 11alue of x1• The differences x1 - x: 
for each point of time are called residuals. If the line of best · 
fit is chosen so as to make the sum of the squares of these residuals 

1 An example or this technique is found in Graphs III. 9-111. 11. 
1 If n equals N, then values b1, b1 , etc., can always be found, as the number 

of unknowns b1, b1 , etc., equals the number of relations which must be 
fulfilled. 
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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 b2, b3, etc., will be written as 

The deviations might, however, have been measured in other 
directions-e.g., in that of x2, by trying to find an expression x: = 

b
21

x1 + b23x3 + ... which shows a minimal sum of the squares of 
x

1 
- x:. This is the second elementary regression. Of course, 

there are n such elementary regressions. In the calculations 
discussed in later chapters, the first elementary regres~ion will 
generally be used; but information as to the other regressions will· 
also be included. 

The total correlation coefficient R between x1 and x: can be used 
as a measure of the degree of accordance between x1 and x:, and 
therefore, to some extent, as a measure of the succese obtained. 

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

Partial scatter diagrams are especially helpful in 
Multiple order to test whether or not the assumption that 

curvilinear the relation between x1 and x 2, x3 ••• is linear, fits the 
eorrelation. facts. 1 If t\).e partial scatters show curvilinearity, 

this assumption is no longer valid. Two ways are 
open for further attempts. First, more complicated algebraic 
formulre 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 x1 and one other variate {say, x2), 

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 (cf. Graph II. 8) be called x; = cp (x2). Then for each point 
the difference between x1 and the value x: corresponding to its x1 

may be calculated, and this difference may be plotted again as x3• 

If a close correlation-perhaps also curvilinear--is found, the 
curvilinear explanation may be more acceptable than the rectilinear 
one. .Many alternatives are possible; to give details regarding them 

1 Graphs Ill. 9·111. 11 provide some examples. 
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and regarding the refinements of the method would, however, 
lead us too far. 

Graph II. 8. 

GRAPHIC ANALYSIS or CuRVILINEAR CoRRELATION . 

•• 

• 

••• 

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 coefficients-for instance, one system of coefficients 
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 II. 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 ••• 
of the various explanatory fac- ""2 

Graph II. 9. 

APPROXIMATION 

OF A CURVILINEAR RELATION 

BY Two RECTILINEAR ONES. 

• 
+ 

• 

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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coefficients 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 
Graphic calculations will be represented as in Graph II. 10. 

representa- At 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 bzX2, ba:r3, etc., are drawn. 

: 
A 

Graph 11. 10. 
..... ~ -· ... ¥ ..... .. . · .... · .. 
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OP A CORRELATION CALCULATION. 

"EXPLANATION, OF IRON AND STEEL 

CoNSUMPTION. 

UNITED KINGDOM 1920-1936. 

A -= Actual iron and steel consumption. 

B ... Calculated iron and steel consumption . 

C ""' Influence or profits one year before. 

D - Innuence or interest rate Y,-year before. 

E - Influence of price of iron %-year before . 

F .,. Influence ot time . 

G - Residuals, i.e., A-B. 

The ordinates of these lines are proportional to-not equal to-x
2

, 

x3 (and even proportional only in cases of. linear formula1). They 
represent what have been called "the influence of x2 "," the influ­
ence of x3 ", etc. The advantages of this procedure are, first, that the 
scale of these Eeries 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
Example. tion aiming at " explaining " the fluctuations in 

iron and steel consumption in the United Kingdom 
1920-19:JG; 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 

x; = 1.17x2 - 0.08x3 - 0.24x, + 2.39x
3 
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where x; represents the calculated physical volume of iron and steel 
consumption in percentage deviations from average; 

x2, profits, all industries, percentage deviations from average; 
x3 bond yield, deviations from average in hundredths of 
x, iron prices, percentage deviations from average; 
x6 time, years. 

10/ • 
/0' 

Obviously, this relation may he interpreted as a demand relation 
for iron where the series x2, x3 and x 5 have been taken as the other 
chief causes for changes in demand, and where a lag of one year for :r 2 

and of half-a-year for x3 and x, has been assumed to exist. The 
movements of the three series x2, x3 and x6 are responsible for the 
shifts in the demand curve during the period under review. The 
partial scatter diagram between x1 - 1.17x2 + 0.08x3 - 2.39x5 

and x, would give the usual representation of the demand curve, 
shifts having been eliminated. As both x1 and x, 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 x3 and 
x, are as they should be. In addition, it may he mentioned that 
the " influence " of x3 and x, 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 he the chief reason 
why observed and calculated values of x1 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. 
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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 
w:ill make eomewhat 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 v."ith Appendix A, on trust. 

The classical 
metlwd. 

The classical method goes back to LAPLACE and GAuss. 
It will be considered here in the final f9rm that has been 
given to it by Professor R. A. F1SHER.1 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 coeffi­
cients calculated from the observations to diller from the coefficients of the 
true relation connecting the variates. The probable average magnitudes of 
these di!Terences 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 a. 

On certain further assumptions of a rather technical nature, it becomes 
possible to calculate what results with respect to the regression coefficients 
would have been obtained if another sample of disturbances had-by accident, 
so 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 wiii 
lie. These limits depend again on the choice one makes as to the" majority". 
Orten 99% or 95% is taken. If b1 is one of the regression coefficients calculated, 
and "ba the so-called standard error of b1, about 95% of the cases lie between 

1 Cl. Statuticalllfetlwd.. for Restarch Worktr6, London and Edinburgh, 1936; 
" The goodness of fit of regression formulm and the distribution of regression 
coefficients", Journ. Roy. Stat. Soc., 85, 1922, p. 597; applications of 
"Htudent's" distribution, ll!etron, 5, 3, 1926, p. 3. 
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b1 + 2ab1 and b1 - 2aj,:. i.e., in a range of width ~"b• around b1• About 
99.7% lies between b1 ± 3abo· 

This standard error "b• is nothing else than the " standard deviation " of 
the differences between the calculated and the true regression coefficient 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 containing mutually independent 
disturbances. The larger this number, the smaller "b•· 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 (n- 1) of explanatory series. The larger this number, 
the larger O'ba· 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 ab; for R = 1, "b becomes zero, except when there is perfect 
correlation between one of the explaining variates and a group of other 
explanatory variates. 

(~) The correlations between two or more of the explanatory series. If al 
least one of these correlations is high, some of the regression coefficients show a 
larger "b (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 
coefficients 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 differences. Hence "b will be large. The exact expression for "b 

and its computation are given in Appendix A, § ~-

Frisch's 
merlwd. 

Professor R. Farsca,1 in his treatment of these problems, 
does not use the concept of some unknown " universe " from 
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 

· 1 Cf. Statistical Confl~Unce Analysis by Means of Complek Regression 
Systems. Universitetets 0konomiske lnstitutt, Pub!. Nr. S, Oslo, 193~. 
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are called the true coefficients. The calculated coefficients 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 systematic 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 
regr.sswn 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. obtained 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 " .x

1 
by .x1 and .x1• The first ele­

mentary regression equation provides an " explanation " 

(1) 

with a regression coefficient b,1•1 for .x1 and b11.1 for .x1• Taking the second 
elementary regression, we obtain an " explanation " of z

1 

X~ = bll•t Zt + bJS·t Xa, 

which may, however, be transformed into an " explanation " of .x, by putting 
.x~ = .x1 and solving for .x1 : 

u 1 bu·t 
.,, = -b- "'• - -b- "'• (2). .... .. .. 

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

x; = bn·t Zt + bat·t x, 

gives m b31'1 + _1_ 
X1 = - -b- .Xa .x1 .... b .... 

(3). 

The equations (1), (2) and (3) are three estimates or the relation between 
the variates; two bunch maps are constructed to illustrate them. The first 
compare' the three coefficients (in graphical representation, the slopes) 

obtained for the influence or .x1, viz. b11•1 from (1), - 1 - from (2) and - b.,., 
b.,.. b .... 

from (3). They are represented by three beams, numbered 1, 2 and 3 (being 
the numbers or the variates in whose direction the minimising has been 
performed). The beams 1 and 2 will bemarked0, indicating that the slopes 
are those between 1 and 2, 1 (tho lower numbered variate) being considered 
as the variate to be " explained ". The second bunch map compares the 

three coefficients obtained Cor the influence or .x
1 

upon .x viz b - b.,., 
. 1 ., ta·t• bu·a 
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and ~· The beam• are again numbered 1, 2 and 3, but here 1 and 3 are 
Jl•t 

marked0. 
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 two 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 Graph II. 11. 

SPECIMEN OP BUNCH MAP. 
-the " leading beams "-have their 
ends marked 0 (cf. Graph II. 11). 
The numbers at the ends of these two 
beams indicate the variates, the re­
gression between which is being 
studied. In the cases considered 
in Chapters III, IV and V, the variate 
with the lower number will always be I 
taken as the one "to be explained". 
Every other beam bears a number, 
and all the numbers together repre-
sent the group of variates used. • • • 

I fl.) 

The number attached to any beam 
represents the variate used as the left-hand variate in the regrjlSsion 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. 

Useful, 
superfluous 

and 

If, therefore, in a given case the bunch is not closed, the 
aim of further research, and in particular of including further 
variates in the analysis, is to close the bunch. Any econo­
mically significant variate which helps to close the bunch, or 

detrimental brings about a distinct change in the various slopes in the 
Yariates. bunch without making it less closed, is called 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, 

1 An explanation or differences in the length of the beams would lead us 
into too much technical def,ail. 
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in such a case, some of the regression coefficients become very uncertain; 
it is therefore possible that quite different 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; x1 , the 
quantity or butter sold, has to he explained by. 

x1 the price of butter, 
.r1 the price of margarine, 
.r. the income or consumers. 

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

~-~~+~~+~~ ~) 
while b1 may perhaps be readily determined, it will be impossible to find 
b1 and b1 separately with sufficient accuracy. One expedient, however, may 
be adopted. If .r1 is left out, the equation 

X:. = b;:r1 + b~:r1 (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 it is kept in mind that x1 now 
stands for the combined influence of x1 and :r1 ; it will be found that approxi­
mately b;x. = b1 :r1 + b1 :r1. This holds good only as long as the correlation 
between :r1 and :r1 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. If, on the 
contrary, the regulation does not maintain the correlation, the formula 
becomes useless for this purpose. 

A comb in at ion 
of the two 
methods. 

Dr. T. KooPMANS 1 has pointed out that the classical 
method and that of FRISCH are complementary rather than 
alternative .. Each of them deals with a part of the margin of 
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 atTect the calculated regression coefficients to an unpredictable 

1 LiMar RPgresoion Analysi8 of EconomU: Time Series, Haarlem, 1936. 
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amount, which can be dealt with only by means of Jaws of probability. Since 
FISHER does not assume disturbances in the explanatory series, he thus rules 
out the type of uncertainty studied by Frisch. For this additional uncertainty 
arises !rom 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, 

·since we do not know exactly, in calculating the regression coefficients, 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 
!roni 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 ot the variates that we may choose--i.e.; lor any numerical 
guess we may make about the relative strength ·or the disturbances in the 
several variates,- mathematical deductions lead to: 

(1) A set of "best estimates" lor the regression coefficients, 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 coefficients mentioned under 
(1) remain within certain limits !or 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 11ltimate 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 disc.arded 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 Jess importance than the others, even 
if they are " leading " beams. 

3 
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CHAPTER Ill 

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 

for 
testing. 

above to one of the central relations in business-cycle 
theory will be discussed. The relation in question 
may be defined as that indicating the " proximate " 
objective causes of changes in investment activity; 

looked 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 invest­
ment will depend on profit expectations.l , 

1 It is 'almost a: 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 dilTerent volumes or investment in difTerent 
conditions, some or which will be mentioned later. 
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Next, the extent 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 ~epend, e.g., on the existing 
unused capacity to produce and on new technical possibilities. 

Marginal 
profits and 

total profits. 

One aspect of these cal- Graph III. 1. 
culations may be considered Marginal pronts 
in somewhat greater detail, K 

with the help of Graph 111.1, 
which represents marginal 

profits (K) as a function of the number (I) 
of capital goods units in existence at a --· 
given moment. When this number is 1• at o r r 1 

the· moment of planning, the entrepreneur capital gooda Invested 
will tend to invest so many units that the point I' with zero mar­
ginal profits 1 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•1•, 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"l' changes its slope too. Moreover, 
each addition to capital will, for the next time-unit, slightly change 
the base 01• 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. 

1 Evidently the argument of this paragraph also holds, mutatu mutandu, 
for expected marginal profits and txpected total profits. 
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Finally, for many entrepreneurs~specially lor 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. 

\Ve 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. 

Factors 
influencing 

profit 
expectations. 

The factors which as a rule exert the greatest 
influence on profit expectations are by most authors 
assumed to be 

(1) 
(2) 

the magnitude of currently earned profits; 
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; 
hut 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. 

Profit 
margtn 
or total 

- profit J · 

(4) Other authors have preferred to include as 
chief explanatory factor profit margins instead of 
total profits, profit margins representing the margin · 
between average selling price and average prime cost. 
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 as the result of his act of investment; in this ca,e 
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 !JXpected that total profits as such have an important influence, 
it seems better to take total profits as one of the variates. 

Profits 
and profit 

rates. 

No distinction has so far been· made between 
amount of profits and profit rate-i.e., profit as a. 
percentage of capital. Actually, this rate is com­
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 

possibilities. 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, ~ ith 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 invt>rsely indicated by the share yield, which in some sense 
indicates the movements in the " intert>st 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 role 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 hank credits. 

Apart from profit expectations, some technical 
Technical circumstances 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 

1 Indicating by " the volume of investment, by u + " the total volume 
of production, and summarising in R all other fat tors in the " explanation " 
of investment activity, the relation to be tested will be: "= a (u + v) + R. 
Since u + " 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.1 The larger this rate of increase, the larger the need 
for new capital goods. This is the tendency upon "':hich 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,8 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 
as to include the rate of increase of the variate that is to he 
explained. It may he proved mathematically that this· means 
introducing a small change in lag.' The new variate may therefore 
he given any importance (within some limits) one likes, if only the 
lag In the relation explaining investment activity he accordingly 
changed. Only if that lag may he known a priori will the problem 
he 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 he positive. 

Series 
rejected. 

The list of explanatory series omits two other series 
which have been emphasised by some authors and 
might possibly he considered as influencing investment 
fluctuations. These series have been rejected partly 

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

also be written: (1 - ab) v = R or ~ = cR, meaning that u + ~ ~ould be 
left out as an explanatory variate. 

1 Not only consumers' goods production, since for the production of other 
goods machines, etc., are equally necessary. 

1 Cf. G. HAB£RL£R, Prosperity and D<pression, page 8~. 
• Cf. discussion or results in § tO. 
• Cf. end of § 8, p. ~8. 
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Some theorists have emphasised a new ·· explana­
tory " series by paying attention to what has been 
called the "echo effect". Suppose the duration of. 
life of all capital goods were stricti~ equal to a given 
period: then production required for replacement of 
worn-out capital goods wo.uld be an exact l'epetition 
of total production of investment goods some time 

before. If, 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 business conditions in the year in which 
it is replaced. There will he a tendency to replace more- in good 
than in had years, even if the technical 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 irt 1922. Some experiments give the impression that the 
weighting flattens the curves so radically that practically no move­
. menta are left."1 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 been 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 wHI influencjl 

Autonomous investment activity. Important inventions may do 
changes in so; or political events which suddenly change expec­
investmelit. 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 

1 See also: P. DE WoLFF, "The Demand for Passenger Cars in the United 
States'', in Econometrica, 6 (1938), page 113. · 
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normal times. This is the approach to business-cycle problems 
which is known as the " shock theory of cycles ".1 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 Englis\1 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. 

Two stages 
of 

· To sum up, there would be reason to include at 
least 'six explanatory series (indicated by the numbers 
1-6), namely: 

inl'estigation. (1) current profits; 

(3) 
(4) 
(5) 
(6) 

(2) price level of capital good~; 
interest rates (long, short or both); 
profit margin ; 
the rate of increase of prices; 
the rate of increase in the volume of production. 

To include this large number of serie·s in all calculations Vl:ould 
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, hut only three cases 
are considered (Germany and the Unite<!. Kingdom before the war; 

1 Cf. R. FRISCH: " Propagation Problems and Impulse Problems in Dynamic 
Economics" in Economic Essays. in Honour of Gustav 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 extemai 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, whef!! such problems were already 
known. 
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the United States after the war), and the calculations are limited 
to regression formul<e and correlation coetlicients. In the second 
stage, the calculations include the more important series only, 
but they are mor·e 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 significance 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 cycle 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 hav!l been made for some characteristic cases. T~ey 
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: 

Countries 
and periods. 

Pre-war: Germany 1871-1912 (42 years);* 
United Kingdom 1871-1910 (40 years);* 
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).* 
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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. 
I. Total in11estment has as a rule been represented 

(a) Descrip- by estimates of the consumption of iron and steel (11;)· 
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 interesting, 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 ( 11) is available for the post-war years 
in the figures calculated by KuzNETS.1 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) 1 has been subtracted, and 
non-residential building retained. 

1 S. KuzNETS, Gross Capital Formatwn, Bulletin 52, National Bureau of 
Economic Research, New York, 1934. 

1 D. L. WICI<BNS and R. R. FosTER, Non-farm Residential Con81ructwn 
1920-1936, Bulletin 65, National Bureau of Economic Research, !'>ew York, 
1937. 



-44-

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 have been represented by the series indicated 
in the following table: 

Country and period 

United States, 
pre-war . 

United Kingdom, 
pre-war 

Germany, 
pre-war 

France, 
pre-war 

United States, 
post-war 

United Kingdom, 
post-war 

Description of series Source 

(n) Share price index. Review of Economic Sta-
tistics. 

(E) Non-labour income. BowLEY, Economic Jour· 
nal, 190~, completed with 
the help of data by STAMP, 
British Incomes and Property 
(based on Income Statis­
tics).• 

(d) Dividends eamed in DoNNER, Die Krtrsbildung 
% of capital.• am Aktienmarkt, V iertels· 

jahreshefte zur Konjunktur­
forschung, Sonderheft 36. 

(n) Share price index. Same source. 

(n) Share price index. , Statistique generale de 
Ia France. 

(Z•) Net income of cor- Statistics of Income. 
porations. 

(n) Share price index. Standard Statistics Co. 
(Z•) Net profits earned in Economist. 

% of capital. • 

• Some experimf"nts with statistical methods devised to find the annual ngures out of 
the three-year-moving avera~es given by Income Statistics seemed to ~how that the · 
c::ycllcal movemt-nta of the latter and those or the formf'r do not differ verv much. 

b Year or earning Is taken to precede year or distribution. · 

(2) Price of capital goods. - The price of pig-iron (q;) 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 

United States, 
pre-war 

Description of series Source 

Price of No. 1 foundry U.S.A. Statistical Ab· 
pig-iron at Philadelphia. stract. 



Country and period 

United Kingdom, 
pre-war 

Germany, 
pre-war 

France, 
pre-war 

United States, 
post-war 

United Kingdom, 
post-war 
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Dt>.scrlpttnn or series 

Sauerbeck's index of price 
or pig-iron. 

Average price of pig-iron 
produced. 

Average price of pig-iron 
produced. 

Price of Bessemer pig-iron 
at Pittsburgh. 

Price of Cleveland-
Middlesbrough pig-iron. 

Source 

S. KuzNETS: Secular mcwe­
ments in Prodr1ction and 
Prices. 

Statistisches 1/andbuc/a 
· ( 1907); Statistische Ja/ar­
bucher. 

Annuaire statistique de la 
France. 

U.S.A. Statistical Abstract. 

Statist's index number of 
wholesale prices, Journal of 
the Royal Statistical Society, 
Part II. 

(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 (ii) (mLb) bond yields. 
. In addition, some calculations have been made with (mL.) share 
yield, as representing a special category of "interest rates", viz., 
the rate attributed to funds raised by share issues. The sources 
are summarised in the following table: 

Country and period 

United States, 
pre-war 

United Kingdom, 
pre-war 

Germany, 
pre-war 

France, 
pre-war 

Description or aeries 

(mLbl Long-term: 
1890-1899: Yield on ten 

American railroad bonds. 
1900-1913: Yield on . 

sixty bond issues com­
bined. 
(m8) Short-term: market 

rate on 60-90 days paper. 
(mLb) Long-term: Yield on 

2 Yz% Consols. 
(m,) Short-term: market 

rate of discount. 
(mLbl Long-term: Yield on J 

fixed interest bearing seen- ( 
rities. 

1
. 

(m,) Short-term: market 
rate Of diSCOUnt. I 

('/m.b Long-term: Index 
or price of 3% "rente". 

Source 

Review of Ecotaomic Sta­
tistics, 1919. 

Standard Statistics Co. 

I. FISHER, The Theory of 
Interest. .. 

.. 

Do,.na, see under (1). 

Bulletin de Ia Stalistique 
ginirale dt Ia Francr, 
1919/20. 
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United States, 

post-war 

United Kingdom, 
post-war 
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Description of series 
(mLbl Long-term: Bond 

yield, 60 issues combined. 
{m8 ) Short-term: market 

rate on {o-6 months commer­
cial paper. 

(mL8) Share yield: (i) Cash 
dividends of corporations in 
% or (ii) total capital stock. 

(mLbl Long-term: Yield of 
2 Y.% Consols. 

Source 
Standard Statistics Co. 

I. FISHER: The Theory of 
Interest; League of Nations 
M ont.hly Bulletin of Sta­
tistics. 

(i) Statistics of Income. 
(ii) Statistics of Income; 

prior to 1925, estimates 
based 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-% l,.,) are given in thi8 table: 

. Country ancl period 
United States, 

pre-war 
United Kingdom, 

pre-war 

Germany, 
pre-war 

Description of series 
Index of cost of living- y. 

index of hourly earnings. 
(i) Index of prices of ex­

ported finished products- y. 
(ii) index of wage rates. 

(i) General index of whole­
sale prices - Y. (ii) index 
of wages (both in % 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: Introduction to 
the Study of Prices. 

(i) J .\COBS & RICHTER: 
Grosshandelspreise. Viertel­
jahreshefte zur Konjunktur­
forschung, Sonderheft No. 
37. 

(ii) J. KuczYNSKI: Liihne 
und Erniihrungskosten 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 

Deacrlptlon of aeries 
Index of production of 

consumers' goods. 
Index of the Institut filr 

Konjunkturforschung. 

Source 
HoPPMANN: Weltwirt-

schaftlicheo Archiv, vol. 40. 
WAGENFiiHR, Die lndus­

triewirtschaft. V ierteljahre•· 
hefte sur Konjunkturfor­
schung. Sonderheft No. 31. 
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United States, 
post-war 
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Description or series 

League of Nations estim­
ates based on study by War­
burton in: 

Source 

Journal of the American 
Statistical Association, vol, 
30. 

(6) The figures for the rate of increase in general price le11el 
and their sources are: 

Country and period 

United Kingdom, 
pre-war 

Germany, 
pre-war 

Unit.ed States, 
post-war 

Description of aeries 

(.iqi) Rate of increase in 
price of pig-iron. • 

(.iqi) 1 dem. • 

(.ip) Rate of increase in 
cost-of-living index.• 

Source 

Vide supra. 

Idem. 

National Industrial Con~ 
ference Board. 

• For pre-war Urnes the general price level seemed to be ~·ell rPpresttntf'd by that or 
Investment goods. },or post-war times iron pricPB are no more representatiYe. 

(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.1 

As has already been stated (Chapter III, § 7), an 
(c) Other attempt has been made throughout to explain pro­

senes 
included. 

duction of pig-iron or consumption of iron and steel 
(11i) or total physical investment (11) by some of the 
six explanatory series mentioned above. 

1 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 
a slump year. 

In order to judge the importance of the trend, the firstc.alculation of Table Ill.~ 
was made without correction for trend. The correlation coefficient was hardly 
aiTected, 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 II, 
§ 6, page 29). 
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In some cases it has seemed useful to include still further series, 
sometimes 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 
( 11

8
) as a separate variate. This may be justified by the fact that 

the factors affecting the building volume are rather poorly repre· 
sen ted 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 proLlem; 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. 1 · In most cases, this seemed 
to be not far from reality.2 

(ii) In the second stage, various experiments were made with 
other lags. 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_1 , where z.:_1 stands for z one year earlier, this result 
represents a case of so-called " distributed lag" 8 with an average 
lag of 1/3 year. Similarly, lags of half-a-year may be introduced 
by simply taking as a variate % (z + z_1) instead of z. 

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

1.2z- 0.4 (z - z_1) 

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

1 A number of estimates available for the length of the production period 
would seem to indicate a few months for machinery, six months for house 
building, and one year for shipbuilding, Cf. "The Length of Certain Production 
Processes" (Dutch), De NederlandscM Conjuncluur, August 1934, page 32, 

1 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. CHIEF RESULTS 

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 · 

(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 (cf. Chapter II, § 5).1 

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

(c) 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 or this result is that in past cycles the role or interest 
rates and or prices or iron has been rar less important than that played by 
profit changes. It does not follow ror all cases-though it does for most or 

·them-that interest rates might not have exerted a great influence if they 
had fluctuated more violently than in fact they have done. · 

1 See Chapter II, § 6. 
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§ 10. DETAILS Oil RESULTS, FIRST STAGE. 

The results of the calculations of the first stage are summarised­
in Tables III. 1, III. 2 ·and III. 3, giving the correlation and 
regression coefficients 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; i~ 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 v' 
and on the " influence " (cf. Chapter II) which they show in the 
more complete .. explanations ". 

The chief variate or the couple of chief variates has then been 
combined with eacl! 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_.-%lw)_,11 in the case of the United 
Kingdom in the four- and five-sets, and the variate rate of increase 
in price level (t..q) 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 have 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) whether or not the variate in question increases the corre­
lation coefficient to any considerable extent, 

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

(iii) 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. " ~xplanation " of Investment Activity, Fint Stage. 

United Kingdom, 1871·1910: Iron and Steel Consumption (•;). 

Corre-

Regression coemclenta or: • 
latlon 
coetn-

Case ciehta 

E_t I (q;L% I 
Aq; I (mLbL% I (maL% I Au I<P .. -% r..>-%1 R 

11 1.85 0.552 
21 3.20 -0.31 0.6M 
22 1.92 0.17 O.M9 
23 1.92 -0.366 0.6~3 . 

2~ 2.85 -0.051 0.611 
25 1.79 0.~3 0.606 
26. 2.65 -0.~~ 0.655 
31 3.29 -0.32 0.13 0.729 
32 3.16 -0.28 -0.330 0.726 
33 3.41 -0.26 -0.021 0.670 
3~ :lo16 -0.31 O.lo5 0.7H 
35 3.16 -0.20 -0.2~ 0.680 
41 3.28 -0.30 0.15 -0.239 0.783 
51 3.'5 -0.27 0.15 -0.229 -0.016 0.786 
52 3.25 -0.31 0.13 -0.223 0.27 0.797 

Standard deviations of variates: 1 

•; 

I 7.48 2.23 13.25 H.90 6.7~ 57.87 ~.38 7.26 

. 
Maximum 7.69 4.2~ 2.53 2.47 2.95 1.97 I 
lnOuence 1 

l Units used: all series In percentage deviations from trend, except aeries mLb and m8, 
Which are in absolute deviations rrom trend, In units of 0.01% and L\qi and 41u, which are 
In percentages of the trend values of qi and u respectively. 

Meaning or symbols (for fuller explanation, see I 8). 

"i: ronsumptlon of Iron and steel. mLb: bond yield 
E: non-labour Income. m8 : abort-term Interest rate. 
fli: price of Iron. 
Atli: rate or Increase In fli - qi- (qi), . 

4u: rate of Increase In consumtra' 
goods production. 

p .. -% r, proOt margin. 

1 .Absolute value or product or largest regression coemclent wltb rtgbt sign and standard 
deviation. 

• Wrong signs. 
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Table III. 2. " Explanation" of Investment Activity, First Stage. 

Germany, 18?1-1912: Iron and Steel Consumption (v;). 

Corre-
Regression coemctents of: 1 

lation . coem-
case cients 

<Ly. I .~. .. l(p-Yafwl-%1 (mu>-r.l (qi)-% I <l.q; I (ms>-Y, I R 

11 5.37 0.853 

21 5.3? 0.23 0.857 

22 5.18 0.10 0.85~ 

23 5.63 -0.013 0.85~ 

2~ 5.39 -0.006 0.853 

25 5.51 -0.05 0.85~ 

26 ~.96 0.02? 0.865 
31 '-98 0.32 0.21 0.859 
32 5.?0 0.25 -0.017 0.857 
33 5.19 0.28 0.038 0.857 
3~ 5.~~ 0.09 -0.013 0.85~ 

35 5.32 0.28 -0.101 0.856 
36 5.?8 -0.015 -0.020 0.8M 
~1 5.80 0.36 -0.13 -0.02~ -0.07 0.03~ 0.875 

Standard deviations of variates: l 
• 

•; 
11.09 1.?6 3.52 5.25 4~.80 12.85 '9.~2 65.88 

Maximum 10.21 1.2? U7 Influence I 1.08 1.30 a I 

1 Units used: all aeries In percentage deviations from trend except s~rles d, mL8 and m,, 
which are In absolute deviations from trend. in units oft%, ().01% and 0.01% respectivelf. 
For A" and A.qi, see table III. t. 

Meaning of symbols (tor fuller explanation, see 1 8). 

Gi: consumption or lron and steel. mL1: share yield. 
d: dividends In %or capital. v;: price or pig-Iron. 
4u: rate of Increase In consumera• 4qi: rate or Increase tn price of pig-

goods production. Iron. 
p-% lw : prollt margin. m1: short-term Interest rate. 

' Absolute value or product or largest regression coemctent wttb rtgbt sign and standard 
deviation. 

• Wrong signs. 
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Table Ill. 3. " Explanation" of Investment Activity, First Stage. 

Case 

11 
21 
22 
23 
24 
25 
26 
31 
32 
33 
34 
35 
36 
41 
51 
52 
53 

,. 
19.85 

Maxi-
mum 
influ-
ence• 

United States, 1919-1933: Deliveries of Producers' Durable 
Commodities + Non-residential Building (v') 

Regression coefftclents of: 1 

ze_* I (muL% I (Vi)-% I<H>Iw>-%1 I I ~lop I ~lou I (m,)_* I 

0.19 -0.076 
0.19 ~0.074 -0.02 
017 -0.083 0.10 
0.18 -0.079 -0.13 
0.20 -0.074 -0.29 
0.19 -0.076 0.01 
0.18 -O.o78 0.004 
0.16 -0.077 -0.01 0.27 
0.18 -0.081 -0.07 -0.63 
0.20 -0.071 -0.02 -0.29 
0.17 ....,-0.076 0.19. 0.57 
0.19 -0.076 0.02 -0.29 
0.20 -0.072 0.10 -0.29 
0.16 -0.075 -0.14 0.31 0.13 
0.18 -0.071 -0.07 0.14 0.10 -0.23 
0.16 -0.077 -0.17 0.31 -0.13 -0.06 
0.17 -0.067 -0.18 0.24 0.27 0.012 

Standard dr.vtatlons of varfatrs · • 

96.50 154.20 25.49 17.81 ,.32 7.44 7.48 130.23 

19.30 12.80 4.54 5.52 2.72 a 0.07 I 

Corre-
latlon 
coem-
clenta 

R 

0.986 
0.987 
0 987 
0 986 
0 990 
0.986 
0.986 
0.989 
0.987 
0.991 
0.987 
0.990 
0.990 
0.989 
0.991 
0.989 
0.990 

1 Units used: All series In percentage deviations trom the average. except series mu 
and m8• which are In absolute deviations from average, In untt1 of O.Ot %. For 4p and 
~lou, see table III. I (69; and ~lou). 

~leaning of symbol& (lor fuller explanation see t A). 
v•: deliveries or producers• durable goods t: trend. 

+ non-residential building. 4p: rate of increase In cost of living. 
zc: profits or corporations. Au: rate of Increase in consumers• 
mu: share yield. goods production. 
Qi: price of plg-tron·. m1 : short-term internt rate. 
P-~ 1w : pront margin. 

1 Absolute value or product oflargest regreaslon coemctent wttb right algn and standard 
deviation. 

1 Wrong signa. 
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The importance of profits (Z), and, in th_e case o_f the Uni~ed 
States, of share yield (mL8), is confirme~: the mcrease _m correl~t10n 
and the influence of the variate are considerable; the signs are right. 

The increase in correlation obtained by the inclu­
lncrease in sion of each vari~te may be taken from the following 
correlation. table: 

Average Increase in Correlation Coefficient obtained by adding Each 
of the F o/lowmg Variates. 

Short- Rate of increase 
Share term Price In Profit Country Profits yield Interest or margln 

rate iron p~duc-1 prices t10n 

United Kingdom 
1871-1910 0.552 0.069. 0.023 O.o78 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 

a Bond yiPid. 
• ln tbis case the sign or the regression coemclent is wrong. 

For the variates: short-term interest rate (m.), 
Signs. rate of increase in price (~q or ~p) and profit margin 

(p- Y2 lw), 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 
Yariate ~~~. rate of increase in consumers' goods production, shows 
positive signs in at least one case for each country, but its influence 
is found to be small. In addition, as has been observed in the 
theoretical part of this chapter ( § 7), this influence may always 
be replaced by a shift in the lag assumed, especially in case of a 
high correlation between investment activity and consumers' goods 
produetiori. Price of iron (q;) shows negative signs in most cases 
for each country. 
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Taking the standard deviation of I'; equal to 100 
Influence. in each country, the maximum influence found 

is the following: 

Short- Rate or Increase 
Share term Price in: Pront Country Profits or yield tnt Prest Iron mar~;io 

rate produc-~ prices tion 

United Kingdom 103 33. 39 57 26 34 • 
Germany 92 10 • 12 11 • 13 
United States 97 64 • 23 0 • 28 

• Bond yield. • Wrong signs ln 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. DETAILS OF RESULTS, SECOND STAG!>. 

A. Examination of Regression Equations found. 

Correlation 
found. 

The correlation coefficients found (cf. Tables III. 4 
to III. 9) are, in general, fairly high, their median 
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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1s Kuznets' index of investment activity instead of pig-iron 
production. 

" Influence " 
of profits. 

A feature common to all results is, as has already 
been observed, the important part which profits (or· 
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 III. 2-III. 5, constructed in accordance · 
with the rules laid down in Chapter II, § 5. 

Graph Ill. 2. 

"ExPLANATION" OF INvESTMENT AcTIVITY. 

UNITED STATES OF AMERICA, 1919-1933. 
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goods to enterprises, plus flow ot consumers' 
durable goods to enterprises and households. 

l'o : investment activity, actual. 

••• Investment activity, as explained D• 
by: 

Z'-%: proftts 

(qi)-% : price of Iron 
agged 

(ms>-%: short-term Interest %-year. 
rate 

(mLS)-%: ohare yield 

1: trend. 
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Graph III. 3. 
"EXPLANATION" OP IRON AND STEEL CONSUMPTION. 

UNITED KINGDOM, 1920-1936. 

Zc • -·· 

iron and steel consumption, 
actual. 

iron and steel consumption, 
as explained by: 

profits, lagged 1 year; 

(qi>-%: price or iron l 
lagged %-year; 

(mLbL%: bond yield 

!: trend. 
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Regression 
coefficients. 

The regression coefficients of profits vary according 
to the series taken to. represent them. It is found in 
using such a comprehensive figure as corporation 
profits, for the United States, that when there is an 

increase in these profits of 1% of their average level, there is a 
corresponding increase in investment activity of 0.3% 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; hut the latter is based on the Economist sample of 
profits, ~hich seems to show relatively small percentage fluctuations. 

It is natural that share prices,1 if used as representative of profits, 
obtain a larger coefficient, lying between 0.6 and 1.0.1 This means 
that the change in investment caused by a 1% change in share 
prices is also of the order of 1 %-

1 For in pre-war times share prices in general showed smaller percentage 
fluctuations than dividends or profits. In the United States alter 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 Ill. 4. 
"ExPLANATION" or hoN.AND STEEL CoNSUMPTION. 

UNITED KINGDOM, 1871·1910. 

1900 
'~~i: Iron and steel consumption, actual . 
• 

"i: Iron and steel consumptlnn, as explained by: 

lagged I year. rate of Increase In non-labour Income 
non-labour Income· I 

(qi)_ll: price ol Iron lagged li·Year. 
(mLbl-y1 : bond yield 

1910 

Lag. 
In order to obtain an impression of the empirical 

evidence regarding the lag between profits and in· 
vestment activity, Graph III. 6 has been constructed 

from all cases where a " free " lag was used in the calculations, i.e., 
where both profits without lag and with one-year lagl were intro· 

1 
Or, which comes to the same thing, profits and the rate of increase in 

profits. In Graphs III.~ and III. 5, the latter's influence has been shown 
separately, whereas in the tables (except Table III. 10) it has been combined 
with the influence or profits. 
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Graph II I. 6. 

"ExPLANATION" or Iao11 AND STEEL Co!ISUMPTIOII. 

GERMANY, 1871-1912. 
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duced and the real lag was assumed to be the average of these two, 
weighted by the regression coefficients corresponding to each. 
Graph II I. 6 gives the frequency distribution of the lags found, 
the average length of which is about eight months. This figure 
supports fairly well the a priori reasoning in § 8. 
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Graph Ill. 6. 
FREQUENCY DISTRIBUTION OF LAGS. 

-
The two 
relations 
between 

profits and 
investment 
activity. 

and 

At this point, the validity of our general result, 
that profits have a large influence on investment 
activity, may be discussed in a more general £~arne­
work. It is clear that, between these two variates, 

profits (Z) and inv~stment act~v!ty (V),. there exists 
another relation-viz., the defimt10n (or, 1f one prefers 
it, the calculation) of profits. Writing 

u for consumption goods production 

j for the general profit margin, 

profits will be defined (or calculated) by the equation 1 

= - - = z = (ii + ii) z • 

Hence we would have two relations between profits and invest-
~~~~~ , 

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) As has been stated in the Introduction,' an essential element 

of our method is that the variates playing a role in each equation 

• 1 For the p~rpose of our argument, it is immaterial whether or not slightly 
d1~erent defimbo!lll (or methods of calculation) are adopted. 

Cf. p. 12. 



-61-

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, 
v and z does not imply that each of these three variates is closely 
correlated with Z. If the other relation between v and Z also exists, 
it is to be expected that the correlation between v and Z will be 
closer than that between u 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 11 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 11 are not closely 
correlated will the test be possible. 

Such a case is that of Germany before the war (cf. Graph III. 7, 
left-hand part). The upper pair of curves compares profits­
represented here by dividends, d-with the a priori combination 
u + 11, and z (for lack of better data, z has been approximately 
represented by the expression (p - %l,.) where p is the general 
price level, Zw the wage rate, % being approximately the wage 
quota in prices). The three other pairs of curves compare d 
with each of the variates u, 11 and z separately .. 

The correlation between d and the combination is close. Of the 
three other correlations, that between d and 11 is the nearest. This 
is demonstrated by the following correlation coefficients: 

Between dand combination : 0.80 

d II+% 0.70 .. .. 
d u 0.44 .. .. .. d .. p-% lw 0.64 

.. u .. II 0.26. 
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The result is therefore favourable to our thesis, though not 

strikingly so. . 
Another clear case is that of Germany m the years around 1929. 

The fluctuations in profits (Z) may be accounted for by the 
fluctuations in the factors u + 11, volume of production, and pfl,, 
the proportion between prices and wage-rates (following Donner,1 

who prefers the proportion to the margin). His especially noticeable 
that the volume of total production is not correlated with home 
investment (v) so closely as profits are (cf. 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 crf 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 imd vis much closer. The only test possible in such cases 
is to ascertain whether the correlation between profits (Z) and " 
is 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. 

B~1t, it must be repeated, the greatest importance must be 
attr1buted to the a priori argument to include profits in the 
explanation of investment. 

(2) The problem of the reliability of the coefficients when two 
equations exist between two variates arises also in the statistical 
dcte~?•inati~n of supply and demand curves: the variates "price" 
and qual)tlty exchanged" occur both in the demand and in the 
supply function. Often a doubt is expressed as to whether· in 

.' DoNNER: "Die Kursbildung am Akr k 
Ii.onJimkturfo'Schung, Sonderhe!t 36_ •enmar t ", Vierreljahreshefte zur 



Graph III. 1. 

Tss Two RELATIONS BETWEEN PROFITS AND INvasTIIENT. 

GERMANY 192~·1930 AND 1871-1911. . 
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such a situation both relations are statistically d:terminable. 
This doubt seems to be based on what happens m a special 
case-viz. when both relations are supposed to contain no, 
or no im~ortant, other variates, or wh~n, for lack of s_tatistical 
data these other variates are left outs1de the calculatwns. In 
fact 'in such a case, only one statistical equation will in general 
be f~und, 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 
commodity 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 iltvestigations.l 

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 relatw~ representing the calc~lation of profits does 
con tam o~her var1ates-viz., those indicated above: production of 
cons~mptwn goods and profit margin. There is therefore no 
part_Jcular reason for doubt as to the significance of our co­
effiments. 

1 H. StBULTZ: Statistical Laws of Demand and Supply, Chicago, 1928. 
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The regression coefficients found for iron prices 
sometimes show positive signs, which contradict 
theoretical expectation. But these results are pro­
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 
coefficients 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 95% 
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. 

The 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 III. 4 ab~ve.) 

Even greater uncertainty seems to exist concerning 
Coefficient 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 III. 4-111. 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 1% 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 
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in any cycle before the war was 0.18% and that in most cases it 

was far Jess. 
;'lint very different results are obtained in cases where share yield 

has been introduced as representing the interest rate, or where 
both share yield and the short-term interest rate have been used, 
cx1•ept' for the United States in the post-war period. Here share 
vields are found to have a considerable influence, possibly because 
ihey showed large fluctuations in a direction opposite to the usual 
fluduations showed in pre-war times in Germany. This must be 
ul.lrihutcd chiefly to the exaggerated stock-exchange boom in 
1!l2H-2!l, whieh forced the yields down to very low levels, and to the 
r-onlidence crisis in 1932, which resulted in very high share yields. 

In addition, it must be noted that the fluctuations in share yield 
•li•l not show any correlation with short-term interest rates; 
then~fore the importance of share yield as an explanatory factor 
does not involve any proof of the importance of interest rates in 
the narrower sense. 

Finully, 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 
r-hunge of 1% in profit rate, (i.e., profits as a percentage of 
enpitul). If it is true that the difference between these two rates 
is the guide for investment activity, these two influences must be 
nbout 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 
l't'gre~~ion coefficients calculated on this basis compare as follows: . 

lnllurnee or 1% change in 

llnited Kingdom post-war 
Germany pre-war 

Profit rate 

12 
6 

Long-term 
interest rate 

-8 
-8 

l~he. res~11l is n~t had: the order of magnitude is the same, a 
devJatJon 111 one d1rection bein<> counteracted b d · t" · · th . . . " y a ev1a wn m e 
11 PP0_8•te du·:chon. !~•is would, in a sense, support the results 
obtauwd. For the lmted Kin.,dom before th tl m · t " e war 1c coe JCJen 
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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. 

Comparison 
between 

Table III. 4 (pages 68 and 69) enables us to compare 
the results obtained for the four countries studied. 
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 longer than in most other cases. In addition, 
the influence or the price or iron and interest rates seems to be 
smaller in Germany and France than in England. 

Table III. 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 III. 5. As 
was to be expected, the infl.uence of profits is greater on 
consumption than on production, the difference being greater 
in Germany than in England. 

Comparison 
between 
periods. 

Table· III. 6 (pages 70 and 71) shows comparable 
figures r~r three periods: (i) before 1895, the turning­
point or the .. long cycle .. ' (ii) between 1895 and the 
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 regressioncoeffi-' . 
cient for profits. Unfortunately, it is almost impossible to obtam 
comparable figures for the pre-war and the post-war periods. 
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"EXPLANATION " OF INVESTMEI 

Table Ill. 

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

Correlation 
Country Period Series expllllned coefficient 

R 

(I) (~) (3) (I) 

United States 1919·1933 Production of pig-iron 0.94 

" " Investment activity 4 0.98 

United Kingdom 1871-1910 Consumption of pig-iron 0.75 

" 1920-1936 
" " " 

0.90 

Germany 1871-1912 
" " " 

0.87 

United States 1895-1913 Production of pig-iron 0.77 

Germany 1871•1912 Consumption of pig-iron 0.79 

France 1871-1908 0.81 " " " 

United States 1895-1913 Production of pig-iron 0.76 

Germany 18i1-1912 Consumption of pig-iron 0.83 

.... 
a Flow of producers' and consumers• durable commodities, building excluded. 
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AcTIVITY, SEcOND STAGE. 

Comparison of Countries. 

which are in absolute deviations from trend in units or 0.01 %. The lag in years is 
"freely", the coefficient is in italics. 

Rf'gression coefficients and latl's or: 

proftts non-Jabour share price or short-term lonR"·term 
income prices pig-Iron Interest rate Interest rate 

I>> (6) (7) (8) (9) (10) 

t 0.29 ( Yz) -0.03 (%) t-0.32(¥.) 
t0.28 (%) -0.36 ( %) t-0.05(%) 

3.24 (0.8) -0.31 ( %) -0.26 ( %) 
1.17 (1) - 0.2~ ( %) -0.08 ( %) 

0.53 (0.9) -0.23 ( %) -0.08 ( %) 

0.85 ( %) -0.51 ( %) -0.27 ( y.) 

0.72 ( %) - 0.13 ( Yz) 0.21 ( %) 

0.94 (0.9) 0.10 ( %) -0.08 ( %) 

1.05 (0.~) - 0.5~ ( l~) 0.02 ( %) 

0.61 (0.3) -0.17 ( %) 0.06 ( %) 

t Intercorrelation between 0.7> and 0.80, 
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" EXPLANATION " OF INVESTMENT 

Table III. 5. Comparison ol 
~· s note to Tahle II I ~ off'. , ee ' 

Correlation 
Cunulr)' Period Sl·rlrs explained t~ot·!Ocient 

R 

(I) ('!) (:1) ( 't) 

lJ n i loci Kingdom 1871-1910 l'l'oduet.ion of pig-irvn 0.79 

.. .. Consumption .. .. 0.75 

Oel'lllany t8i1-HII2·- Production .. .. 0.75 

" .. Con<umption .. " 
0.88 

Frmwe 1871-1908 Production .. .. 0.69 

" .. Consumption .. .. 0.81 

Table III. 6. Comparison 
Not•• - Sre note to Table III. 4. 

CorrPiation 
Country Perio1t :-iot•rit>s explained coetncient 

R 

(I l (~) (:1) ( ,., 
llnitt'<l ~Hatt:>s 1877-1895 Production of pig-iron 0.75 

" " 1895-1913 
" .. .. 0.68 .. " 1919-1924 
" " " 

0.83 

" " 1919-1933 
" " " 

0.61 

l' nitetl Kingdom 1871-1895 Consumption of pig-iron 0.77 

" • 1896·191 0 
" " " 

0.68 .. " 1920-1936 .. " " 
0.90 -

German~· 1871-1895 Consumption of pig-iron 0.90 .. 1895-1912 
" " 

0.88 
" 

t lntt~r<'nrr('Lltion brlwt>t>n 0.75 and O.RO. 
• lh·cau~t· or tbt• lad, ur corrt•lation. tht" calculation of a lag has no llOint in this case. 
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AcTIVITY, SEcOND STAGE. 

Pi&·iron Production and Consumption. 

Rf'KressJon coPffiCif'nts and la~s or: 

• 
profits 

non-labour share prices price or ,;hort-trrrn lnnJr-tPrm 
income -pig-Iron interest rate lnlerrst ratt" 

<>l (6) (7) (8) (~) (I 0) 

1.96 (0.1) ·- ll.17 (h) -0.39 ( %) 
.1.24 (0.8) - 0.31 { Y:,) - 0.2G ( li) 

0.23 ( Y.l 0.08 ( %) -0.01 ( %) 
0.53 (0.8) - 0.26 ( '1:.) 0.02 ( %) 

0.49 (0.1) 0.17(%) - 0.03 ( Yz) 
0.94 (0.9) 0.10 (Y,) -0.08 ( y,) 

of Various Periods. 

Rrgrpssion coemelents and lag or: 

profits non-labour share prices price or short-term Jon~·tPrm 
income pig-iron tntl.'rt>st rate Interest rate 

<>l (6) (7) (~) (~) ( H•) 

0.94 (0.2) 
0.74 (0.2) 
2.71 (0.3) 

. 0.1aa 

3.29 (0.8) - -0.33 ( Yz) -0.56 ( %) 
t I.4J(Iead0.1i t- 0.11 ( Yz) -O.D7 (hi 

1.17 (1) ~ 0.2~ ( Yz) -0.08 ( Yz) . 
t 0.31 ( Yz) t 0.10 ( Yz) 0.02 ( ~;.) 

0.90 ( Yz) 0.13 ('/,) -0.03 (%1 



-i2-

J>1·olit figures for the United Kingdom and for the United States 
IlK liKed in post-war calculations are not available for pre-war years. 
Share pri,,es, which in pre-war United States could proba~ly be 
liKed as an indicator of profits, are no longer representative of 
profits in the entire post-war period, as they are quite out of line 
ut the top of the 1929 boom. As a consequence, (i) the correlation 
obtained with share prices is no longer good and (ii) the regression 
m>Cffieient obtained for the period 1919-1933 is quite different 
from that obtained for the period 1919-1924. The intensity with 
whieh investment activity reacts to share prices would seem to 
have decreased 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,1 which is about comparable to pre-war figures, leads to 
a r~gression coeflicient considerably lower (1.36). There is therefore 
Rome 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 coefficient 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 coefficients for the two sub-periods, as well as the 
1871-1895 English coefficient, 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 a 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 
Doer war counteracted the 1901 depression; 1 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. 

: ·~·ati~ll.al l11romt a11d Vwlay, Lon~o~, 1937, page 60. 
(f. t.r.1ph Ill. ~- It shows that ptg-Jron consumption fell only bv about 

10~~ from 1~,9 to 1901, whereas it fell by some 20 to 30'Yc in the cri~es pre­
cedmg·1,9o~_an~ b~ ~0% in Germany, cf. Graph III. 5, in 1°901. The employ­
m~nt h~ttrts abo sho\\ed the smallest fall ever seen in a crisis. 
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Extra­
polation for 
the United 

States, 
1934-37. 

It has already been mentioned that one of the 
calculations for the United States has been extra­
polated in order to cover the years 1934-37. In 
other words, the regression coefficients for the period 
1919-33 have been applied to subsequent years 
(cf. Graph III. 8). 

Graph Ill. 8. 

"ExPLANATION" OP PIG-IRON PRODUCTION. 

UNITED Suus, 1919-1937. 

pig-lron production. ac­
tual. 

pig-iron production, as 
explained by: 

<Z'l-% : profits ( 
(qil-% : price of Iron lagged 

y,-year. 
(muL)> : bond yield 

I : trend. 

A - Calculated. 
B - Extrapolated. 

0 

-20 

As Kuznets' estimates of _investment activity are not available 
after 1933, 1 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 he estimated for 1936 and 1937. 

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



-74-
" EXPLANATION" OF INVESTMENT 

Table Ill. 7. Comparison ol 

N 1 See note to Table Ill 4 - Series (II) is in absolute deviations lrom o e. . ' 

Country Jlt>rlud Srrles f'Xplaincd CorrPiation 
coemcient 

. 
(I) (~) (:l) (4) 

United States 1877· ) Upward Production or pig-iron 0.86 
1913 Downward .. .. .. 0.78 

United Kingdom 1871- \ l'pward Consumption of pig-iron 0.79 

1910 /Upward .. .. .. 0.78 
Downward .. .. .. 0.59 

Germany 1871·! L"pward Consumption or pig-iron 0.90 
1912 Downward .. . .. .. 0.89 

France 1871· j Upward Consumption or pig-iron 0.85 
1908 Downward .. .. .. 0.79 

t Iutt>rcorrl'lalion brtw,.rn O.i':J and 0.80. • Multiple corrrlatlon over 0.80. 

Table III. 8. Comparison ol 

Country l't'rlod St•rlt>s expl:.inf'd Correlation 
coelllcient 

(I) ('.!) (:1) (I) 

United States 1877-) Upward Production or pig-it·on 0.78 
I 913 I Downward .. .. .. 0.60 

United Kin~:dom 1871·! Upward Consumption of pig-iron 0.68 
1910 Downward .. .. .. 0.53 

Germany 1871- ~ l'pward Consumption or pig-iron 0.84 
1912 Downward .. .. .. 0.84 

.. 1871- i llpward .. .. 0.72 
1912 I Downward 

.. .. .. .. 0.85 

Ft·am·e 1871- i Upward Consumption of pig-iron 0.81 
1908 I Downward .. .. .. 0.75 
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trend, in units of 0.01%; series (12) is in % deviations from trend. 

Rt>grf'Ftll.ion eot>fficients anrt la11s or: 

sharr pri<'P of shnrt-trrm 
profits• priers pl~-lron 

intt>rt>st 
rate 

(5) (7} (8) (9) 

• 0.26 (0.3) • 0.~2 -0.03 ( %) 
0.69 (0.9) 0.23 0.01 ( Y2) 

2.46 (0.8) 0.16 ( %) 
2.79 (0.8) 
1.38 (0.8) 

0.36 ( y,) O.M ( Y.) 
t 0.5~ ( Y.) O.M ( %) 

0.88 (1.3) 0.27 ( Y.l 
t 3.15 10.7) -0.36t( Y.) 

.• United Kingdom: non-labour Income. 

Upward and Downward Phases II. · 

· Regre,;ston coefficients and lags or: 

prnnts 

(5) 

M6 ( Yz) 
o.u ( Yz) 

non-labour 
incomf' 

(6) 

2.24 (1.5) 
1.11 (0.7) 

share 
prices 

(7) 

0.73 (0.2) 
0.58 (1.2) 

0.57 ( Y.) 
0.58 ( Y2) 

1.92 (0.8) 
2.24 (0.7) 

lnn~-tPrtn 
intt>rl$t 

rate 

(I 0) 

-0.27 ( Y.l 
-0.29 ( ~~) 
-0.31 (%) 

-.0.29 ( Y.) 
0.251 y.) 

share )'lrld 

(II) 

• 

0.13 ( %1 
t-0.03(%) 

bulldinc 
volume 

(12) 

*0.27 (0) 
0.55 (0) 
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The estimate was based on two very high correlations found for the 
period 1919-1933, which held also for 1934 and 1935.. The fi.rst 
"explnins" profits by (1) total receipts of. all corporatw~s durmg 
tho same year and (2) total receipts durmg the precedmg year. 
The incluKion of Jagged receipts is justified by the fact that 
"total deductions" (i.e., the amounts to be deducted from total 
reeeipts 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 
Statistit~s); and 

(2) Department-stores sales. 

This Iutter correlation 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 chang~d structure. 

Com parisun 
between 
phases. 

Tables III. 7 and III. 8 (pages 74 and 75) give com­
parable results for two sets of years; those showing a 
lower, and those showing a higher, investment figure 
(measurPd 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 to construct bunch maps, etc.' As in Tables 
Ill. 4 to Ill. 6, only cases in which the correlation coefficients be­
tween the " explanatory " series do not exceed 0.80 have been 
im,luded, in order to exclude-although admittedly only in a very 
~ugh way-<'ases of multicollinearity. Some of the cases given 
m Table II I. 7 are probably still unreliable, however, in that respect, 
an~ Tab I.e II I. 8 has therefore been added; in this table, only the 
eluef. var~ate-. pr~fits-or a representative series is employed, and 
mulhcolhneartty ts therefore impossible. 
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No systematic differences can be discovered. The regression 
coefficients of profits in Table III. 7, although rather divergent, 
do not diller from those for the whole period by more than three 
times the standard errors of the latter (cf. Table III. 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 CO<'fficients 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 therefoN' 
difficult to obtain evidence regarding the necessity of explaining 
downward phases by other relations than upward phases. 

Table III. 9 (pages 78 and 79) gives, for a few cases, 
Inclusion the successive results obtained if more and more 
of more 

llariates. 
variates are included in the explanation. It is chiefly 
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. 

Partial 
scatter 

diagrams. 

Graphs III. 9 to III. 11 represent partial scatter 
diagrams (cf. Chapter II, § 5) for three cases. As has 
already been observed, they enable us to test whether 
the hypothesis of rectilinear relationship is fulfilled or 
not. It may be seen from the graphs that there is no 

wide departure from rectilinearity, hut 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 ofthe United 
States as the investment index includes other investment goods, 
hut, owing to the rather large parallelism between the production of 
the various kinds of investment goods, the error cannot be important.) 
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"ExPLANATION" OF INVESTMEN' 

Table Ill. 9. Influence ol 

N 0 ,_ See note to Table Ill 4 and Ill. i. ~ stands for "rate of increase in" . . -. 

CorrPiation 
Cnuutry Prrlod Serlr!' cxplalnrd coefficient 

R 

(I) ('I) (3) (I) 

llnited Htulcs 1919-:1~ Investment activity b 0.97 

.. .. .. .. .. 0.98 

.. .. .. .. .. 0.99 

lJnitecl Kin~1lom 1H;t-19!0 Consumption or pig-iron 0.59 .. .. .. .. .. .. 0.65 

.. .. .. " .. .. 0.75 

Otwmnn~· 18;!-1!112 Consumption or pig-iron 0.79 

.. .. .. .. .. 0.79 

.. .. .. .. .. 0.83 

.. .. .. .. .. 0.85 

a Jo'nr l 1nllt•d 1\lnJLtlum, non-labour nwunu•. 
b l•'lnw ur Jtrudut•t·~· und cunsunwrs' durable commodities, building excluded. 

Table Ill. 10. Results ol Significance Calculations: Serial 

Rrgression coefficients, with 

C':nrrf"- S••rlal 
ca~n l111inn t'nrrt>la t ion Pronts .1 pronts Non-labour 

Ctlt'IU- or rt~sh.l.uals iucome 
clt•ut 

(I) ( '1) (:1) ( r,) (5) (6) 

I 0.99 -O.-i6 ± 0.27 0.24 ± 0.02 ( Y.l 

II 0.77 0.01 ± 0.20 3.29 ±0.84 (1) 

Ill 0.75 0.16 ± 0.16 3.24 ± 0.58 (1) 

I\' 0.90 0.00 ± 0.25 l.li :!o0.17 (I) 

v 0.87 O.-i3 :!o 0.16 0.53 :!oO.O~ ( Y:,) -o.20 ±0.11 ( Y:,) 

' -. . . 
1

: United statts, ln\cstme-nt ach\!ily •. 1919-1933. 
Ill} t 1nltt'd 1\.lnK"tlum. { IR!l·l~!l!l. 
1\ , Cons.UIUlHtuU oC "i•-iron IS,l·l~lll. , 

r ' ~~~t)..HUti. 
V lit•rmany. Consumption of pig-iron, 1 ~7 1·191 :!. 

o Flow of pnJduct.>rs' and eon~umt>rs' durolhlt> commodities, building excluded. 
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ies (13) is expressed in % of average level of price of pig-iron during p•riod. 

Regression coefficients and haas of: 

price of short-tf'rm lomHPrm l price 
1roOts• share prices pig-iron lntert-st inten-st share yield or 

rate rate plg-lron 

(5) (i) . (8) (9) (I 0) (II) (13) 

31 ( Yz) 
28 ( Yz) -0.04 ( Yz) 
2~ ( %) -0.25 ( %) -0.05 ( Yzl -0.08 ( Y2) 

82 (0.6) 
90 (0.8) -0.33 ( Yz) 
24 (0.8) -0.31 ( Yz) -0.26 ( Yz) 

0.-59 ( Y.l 
0.59 ( %) 0.00 ( %) 
0.61 (0.3) -0.17 (Yz) 0.06 ( Yzl 
0.56 (0.9) -0.15 (Yzll· 0.03 ( Y.l 0.35 ( V.l 

rrelation of Residuals and Standard Errors of Regression Coefficients. 

·ir standard errors and lags of· . . 

: Son-labour Price of Short-term Lontl'-term Share ylrld income_ pig-Iron Interest rate Interest rate 

(7) (8) (9) (I 0) (II) 

-0.25 ±0.12( V.) -0.05 ±0.02( Y.) -0.08 ±0.02( Y.l 

5~ ±0.54 (1) -0.33 ±0.13( Yzl -0.56 :;!:0.49( Yz) 

66±M2(1) -0.31 ±0.10( V.l -0.26 ±0.14( Yz) 

-0.24 ±0.14( V.) -0.08 :;!:0.10( V.) 

-0.23 ±0.1i( Y.) -0.08 ±0.14( Yz) 
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B. Significance calculations. 

Table II). 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. 

Serial 
correlation 

for 
residuals. 

First, the serial correlation for the series of the 
residuals has been calculated; i.e., the correlation of 
that series with itself if lagged one year. This 
calculation serves to test the hypothesis at the basis 
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 diller~ 
from zero to any significant extent, the serial correlation coefficient 

1 
has to be compared with its standard error, which equals ·

1 

· yN-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 tlw 

errors. regression coefficients 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 95%- 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 coefficient (i.e., b ± a b) have been indicated in 
blac~, those within twice the standard error (i.e., b ± 2ab)by shading. 
It w1ll be seen that five of the latter areas go beyond the zero point. 
Nevertheless, there is more probability of the regressions, being neg­
at.ive.ll\!oreover, it is satisfactory to the statistician that the range 
of !'rror is generally smaller for post-war than for pre-war figures. 

1 Cf. 1\1. fl. BUTLETT: .. Some Aspects or the Time Correlation Problem", 
~o'"'!'"' of tlo. Royal Statistical Society, 1935 (98), page 537, quoted in 
1. KooPMAXS, lor. crt., page 129. · 
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GMph Ill. 9. 
Partial scatter diagrams. 

hrvEST!IBNT AcTIVITY: UNITBD SuTas, 1919-1933. 
Ordina~s Ablci.a• 

I I Investment activity (now of durable I ProQta _ 111 producers• ~roods to enterprises, plua 
II 11ow or durable consumers• goods to II Price or pig-Iron_ ,1, 

III enterprises and bousebolds) corrected III Sb re yl ld 
tor tnOueoce of other "explanatorJ a e - 1/t 

IV variates••. i .•. , cettri1 paribua. IV Short-term Interest rate _,1, 
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Graph /11.10. 
Partial scatter diagrams. 

PRoDucTION or PJG·IRON: UNITED KINGDOM, 1920-1936. 

Ordinot111 

l I Production of pia-Iron, cor­
ll rcet~d f11r Influence of other 

" ex.plauatory variate&", 
III i.e., ceteri• paribu.e. 

I 

ll 
-20 

36 ][ 
-s 

33 
32 

Ablci,.e 
I ProOts -I 

Il Price o! plg·lron _ , 11 
Ill Long-term Interest rate_ 1/a 

2& 

~0 

21 

SON6'296 
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Graph Ill. 11. 
Partial scatter diagrams. 

CoNSUMPTION op IRoN AND STEEL: UNITED KINGDOII, 1871-1910. 

I~ I 
IV I 

I 

m 

II 

Ordinauo 

Consumption of plg-lron, 
corrected for inOuence of 
other • explanatory vari­
ates .. , i. •·· ceteria paribua. · 

_,. 

AbiCiu• 
I Non-labour Income _ t 

II a. non-labour Income_ t 
IU Price of plg-lroo _ , 1, 
IV Long·term Interest rate_ 111 

J[ 
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Graph. I II. 12. 

Rt:GRF.SSJON Co EP PJCIENTS AND RANGES oP INCERTITUDE. 

Regression Coef!icient.s of I ron Price. 

United States, 1919-1933, I. . 
United Statea, all casea .. .. 
United Kingdom, 1871-1119~. II. 
United Kingdom, 1871-1910. III. 
United Kingdom, I 920-1936, IV. 
United Kingdom, nil cues. 
Germany, 1871-191 2, V. 
Germany, all caeca. 
France, all cases. 

0 

Regression Coefficients of Interest Rate. 
A. Long-term, 1n 0.01 %. 

United Statca, all cases. . .. . . 
United KlnKdom, 1871-189~, II. 
United Klngctom, 1871-1 91 0, III. 
United KlnKdom, 1920-1936, IV. 
United Kingdom, all cases. 
Germany, 1871-191 2, v. 
Germany , all cases. 
Franct1, all cuea. 

Regression Coefficients of Interest Rate. 

United State~. 1919-1933, I. 
United Stat.!'s, all cases. 
German y, all cases. . •. . 

B. Short-term, In 0 .0~ %. 

-1.0 

Explnna lion : Black range: range between ) 

+10 

+1.0 

~C1.16S66 

b and b ± o11 • • • • • f 
Shaded range : range between > only for cases where o h as been cal cu-

b and b ± 2ob ..... ) lated (cases I-V, table III. I 0) . 

Solid line : post-war result ! 
Broten line : pr~war result 1 for all cases. 
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Grapla III. 13. 

Bunch map. 

IKVBSTMEKT AcTIVITY: UKJTBD Suns 1919·1933 

1 - Investment activity (llow or durable producen' 100do to enterprloeo, pluo Dow or 
durable consumen' IOOdo to enterprlleo and bouoeholda). 

2 - Prollta_./a' 8 - Price or iroll....lfa• 4 - Short-term lntereat rato_,/1 • 

& - Sbare Jle1L.J1 • 

. , 
·S 

1.2.3.l.5 so• .,... 
L---------------~~----------~ 
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In Graphs III. 13 to Ill. 16 a number of bunch 
Bunch maps are reproduced. 
maps. Graph Ill. 13 (page 85), relating to one of the United 

States post-war calculations, is very satisfactory, and 
even more so if-following Koopmans' argument--only the beams 
with numbers 1 and 2 are considered. In fact, in the 5-set (the case 
including all five variates) they coincide almost entirely, indicating 
a high degree of determinateness of all regression coefficients found. 
Those findings are in close agreement with the findings on standard 
enors. 

Graph III. 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 
Koupmans' result regarding the minor importance of beams 
corresponding to variates which exercise only a secondary influence. 
Table I I I. 11 shows the coefficients of the four elementary regression 
equations, together with the probable limits to the true regression 
coefficients that take into account both the error of weighting 

Graph I II. 14. 
Bunch map. 

CoNSUMPTION or IRoN AND STEEL: UNITED KINGDOM, 1920·1936. 

t - Consumption of Iron and steel. 2 - Pronts_t· 3 - Price or tron._y. 
4 - Long-term interest rate_Ys. 

~"00 0 D D 
1.~ 1.3 1.4 

/' \,~ 
I 

/ ' ~. 
., 

"'· --r' I J "'1 

[If 
J 4 

1.2.J 124 l.l4 

v· I~ J ~I o: ,-;;;, 

I.~.J4 so .. a~•o 
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and the error of sampling in these coefficients. For the calculation 
of these limits, see Appendix A. 5. The assumption underlying the 
calculation or the limits to the error or weighting is that the standard 
deviation or the disturbances in each or the three explaining 
variates is not greater than a third or the standard deviation 
of the corresponding variate itself. Allowance lor sampling errors 
of regression coefficients has been made by extending the limits to 
both sides by twice the standard error of sampling. · 

Table m. 11. Probable Limits io the True Regression Coefficients. 
Consumption of Iron and Steel: United Kingdom, 1920-1936. • 

Explaining variate 

1st . . . . . 
2nd. 
3rd . ... 
Uh. . 
Limits to the error of 

weighting given by 
ultimate beams in 
bunch map 

~ o~mooWy 
regression 
coefficient . 

l upper . 
\ lower . 

Maximum fraction of standard deviation 
admitted for disturbances • . 

Narrower limits to the error of weighting: 
According to the ! upper . . 

rule of thumb lower • 
According to the upper . 

strict rule 1 lower . 
Final limits including ~ 

allowance for samp- upper · · 
lower ; . ling errors • 

• For units. cf. Table III. 4. 

2 3 ' 
Price of Long·term 

ProOto_1 Iron..% lnleresl 
rate_~ 

1.17 -.2~ -.07 
1.49 -.29 -.07 
u~ -1.31 -.21 
.11 -.07 -1.7~ 

1.49 -.07 -.07 
.11 -1.31 -1.H 

1/3 1/3 1/3 

1.3~ -.07 -.07 
.99 -.28 -.09 

1.28 -.2~ -.07 
1.17 -.28 -.09 

1.62 .0~ .12 
.811 -.56 -.28 

Graph III. 15 concerns one of the calculations lor 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, 
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it is interesting to see how the direction of the relation between 
variates 1 and 4 (consumption and price or iron) is changed by 
the incluKion or the other variates; even iC only 2 is added 
(cf. set 124). The significance or variate 3 might be doubted, 
but ir only the beams 1 and 2 are considered, the regressiop coeffi­
cient Cor 3 is again very well determined. 

Graph III. Iii. 
Bunch map. 

CoNSUMPTION or IRoN AND STEEL: UNITED KINGDOM, 1871-1910. 

t - ConBumptlon of Iron and steel. 2 - Non·labour lnoome_t. 
3 - A. DOO·Iabour lncome-1/1• 4. - Price of lrOil_f . 5 - Bond yield_t/a• 

[ZJDDD 
1.2 1.3 u 1.5 

1.2.'-4 .. 5 
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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 coefficients 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 satisfac.tory 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 Ill. 16. Bunch map. 
CoNSUMPTIOI'f or lao11 AND STEEL: GERMAI'IY, 1871-1912. 

I - Consumption or Iron and steel. 2 - DlvldendLtt
1

• S - ~ dlvldtnda_,,,. 
6 - Price or lron_,11 • 5 - Long-term lntoreat ratLt1,. 

~lZJ D [Z] D 
1.2 1.3 1.4 1.5 • 

I 

• l.ll..S 

0 J 

·• . 
1.2.3.4.5 50..,.,,. 
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CHAPTER IV 

RESIDENTIAL BUILDING 

§ 12. THE RELATION TESTED 

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

and societies may be governed by different considerations.1 

Two groups 
of " explan­

atory" 
variates. 

The " explanatory factors " included may be 
separated into two groups. The first group consists 
of some factors which roughly determine the profita­
bility of owning houses. In a perfect market, this 
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. 

First group 
of 

l'ariates. 

The profitability of owning houses depends chiefly on: 
(a) The rent level; 
(b) The cost of maintenance; 
(r) Interest payments and 
(d) Amortisation. 

The amounts of interest payments and amortisation will first of 
all dt'pl'nd on the level of building costs; amortisation may be 

1 In pre-war time, building of dwellings by public authorities was non­
exislt•nt or insignifkant. For the post-war period, no detailed figures are 
a\·ailahle fur the l'nited States, but State intervention started onlv in 1933 
and was rather inuirel'l. For Sweden, the data for 296 cities cov~r all resi­
dential building, but those for Storkhohn relate to private building only. 
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said to be a fixed percentage of the latter--which will be not far 
(rom 1 %, 1 whereas interest will be the product of three factors, viz.: 

(l) building costs; 
(2) the percentage of building costs which on the average will 

he 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 1% of building cost per annum. 

Series 
included. 

It follows from the above that the following series 
should, first of all, be included in the " explanation ":. 

(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 relati"e Indicating the construction costs of a certain house 
influence. by 100, this account will approximately show items 

of the following orde1 of magnitude: 

Receipts: rent . . . . . . . 8 
Deductions: amortisation and 

maintenance . . . . 2 
interest on mortgage . . . 0.7mLb, where mLb represents 

the interest rate. 

If rents are measured by an index iii8 , with average rna= 100, 
construction costs by an index q8 with average 9a = 100, and 

1 This figure may be somewhat too low in some cases; 11·hat matters, h~wever, 
for the calculations is the total of amortisation and mamtenance, wh1ch has 
been taken at 2% (see below). 
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interest rates mLb in natural units (per cents), then profits, in 
per cents, from the holding or houses will be represented by 

0.08m8 - 0.02q8 - 0.001qamLb = z 
This expression may be also v.Titten as 

0.08 (m8 + m8 ) - 0.02 (q8 + qs) - 0.007 (ijs + qs) (mLb + mLb) 

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: 

i = (6- 0.7iiiLb) + 0.08m8 - (0.02 + 0.007mLb)qs - 0.1mLb· 

The first term in brackets is a constant, the average value of 
the expression: i = 6- 0.7mLb· The deviations may as usually 
be indicated by z: 

z = 0.08m8 - (0.02 + 0.007mLb) qs - 0.1mLb. 

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

z = 0.08m8 - 0.055q8 - 0.7mLb• 

Two· sorts of calculation have been made; calcula­
Two sorts of tiona using m8 , q8 and mLb as separate variates 
calculation. (Table IV. 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 11ariates. faction of some of the markets which play a role in 
. our problem. 

The variates of the second group are: 

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

(5) Some income series (E). 
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The reason for including the number of unoccupied 
houses is that it may directly discourage building, 
even if rents, building costa and interesL rates are in 
a favourable relation to each other. In a perfect 
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 aeries, forms a rough correction for the need for dwellings 
in that caae.l 

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 50% of all inhabitants live in owned houses; 
it was estimated that about 75% 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. 

Imperfectwn 
of credit 
markets. 

In some investigations by other authors, explana­
tory series have been included which are connected 
immediately with the imperfection of credit markets. 
An extreme case is the one treated by Professor 
·C. F. Roos,1 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 

1 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 varioua items or the budget il 
of course influenced by the number or families. For long·term investigations, 
it may be a useful guide; for an analysis of fluctuations it seems less important, 
as the number of family units usually develops smoothly. An exceptional 
growth of the number of family units is, however, regarded as one or the 
causes of the • building boom " in the United Kingdom from 1933 to 1936. 

1 Dynamie Economieo, Bloomington, 193i, pages 69·110. 
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of foreclosures per 100,000 families. This rate he considers as a 
good inverse index of the willingness of hanks to grant ~redits. 
A closer investigation shows that it is highly correlated With the 
number of unoccupied houses a shor~ time before, which seems 
quite natural. In a sense, therefore, this factor is already included 
in our series h', 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 
confidence 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 
houses 
and of 

bility of owning houses, presupposes that the market 
for houses so nearly approaches perfection that the 
builder acts in the same way as the future owner of 

constructing houses would have done: i.e., it is assu111:ed 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. 

Long and 
short wa,•es. 

Trend 

Several authors have pointed out the existence of 
a specific building cycle of fifteen to twenty years 
duration,1 on which fluctuations of lesser duration 
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 

'. Cf., •·«·• C. F. Roos, l<>c. cit.; J. R. RIGGLE !IAN," Building Cycles in the 
l'mlfd Stales 1875·1932 ", Journal of the American Statistical Association, 
Vol. 28, P,agt•s 17~-183. 
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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, therefore, 
conclusions apply solely to short waves. 

Countries 
and periods. 

§ 13. THE STATISTICAL MATERIAL 

The countries and periods studied are: 

Pre-war: Germany (Hamburg) 1878-1913 (thirty­
six years); 

Sweden (Stockholm) 1884-1913 (thirty 
years). 

Post-war: United 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. 

Description 
of series. 

The following table indicates the series which have 
been used to represent: (i) the volume of building 
and (ii) the explanatory factors mentioned above. 

Country and period 

Germany, 
· . pre-war 

Sweden, 
pre-war 

Volume of Buildint. 

Descrlpt ion of aeries 

Net increase & in total 
number ·or " rooms " b in 
Hamburg. 

Total number or newly 
built rooms or kitchens in 
Stockholm. 

Source 

Huii5CBA, Dill Dynamik , 
du Baumarkll, Yierkl· 
jaAruMjte sur Konjunktur­
forachunt, Sonderhert t7. 

Statuti•lrArobok for Swclr­
holnu Stad. 

• The year 1933 hu been excluded in &lJ calculalioDB owing to big alrlkeo in lhe bulldinll 
lndustry. 

• Gross increase was only available for a aborter period, and ft'fnred to the number 
Of dweUings without reaard to their alze. 

" I .. okaJ.Jtl.ten. - · 



Counlry and period 

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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Descrlpllon of 101'101 

Number of houses built by 
private enterprise without 
State assistance. 

(i) Estimated total value 
of non-farm residential con· 
atruction in 1923/25 dollars. a 

(ii) Contracts awarded, 
residential building, floor 
apace of building. 

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

(ii) 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. o 

Index of building costs. 

Source 
Statistical Abstract for the 

U nitetl Kingdom. 

N a tiona! Bureau of Eco­
nomic Research, Bulletin 
No. 65, and Statistical 
Abstract . . 

Statistical Abstract (data 
from Dodge Co.). 

Soeriges Statist ish Arsbok. 

Stockholm Stadskollegicts 
utlatanden och memorial. 
Bihang No. 10 A, 1935. 

HuNsca.\: see under Vol. 
of building. 

IIIYRDAL, The Cost of 
Lioing in Sweden. 

Abstract of Labour Stat· 
istics. 

Statistical Abstract. 

'Soeriges Statistisk Arsbok. 

JAcoas und Rtcana, 
Grosshandels preise, V icrtel­
jahreshefte sur Konjunktur­
forschung, Sonderheft 37. 

IIIYRD.t.L, loc. cit. 

• J .e., va.luf'l at cuneont prices deflated by Index of construction costs t 923 1925 - t 00 
' Up to U'.'!S, the Index relates to controlled rents; from t929 onwirds t~ controlled 

and uncontrollt'd rents combine-d. No better Index ls available ' 
• Whtn rt'<'konlng the • prolltabllity • or holding houses aJioWance wu made tor wage 

roats: tbt'l8e we<re supposed to have been constant throughout the period and to account 
for 35 ~ of total construction costs. 



Counll"f and period 

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 
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Description of series 

Index of building costs. 

Index of construction costs 
of Engineering N ewo Record. 

(i) Index of building 
costs.• 

(ii) Index of building 
costs in Stockholm. 

Interest Rate. 

Average rate on mortgage 
banks' new issues. 

Savings banks' rate. 

Yield on 2 Yz % Consols. 

Yield on 60 bonds. 

Savings banks' rate. 

Source 

CoLIN Cua11:, ln~~e•lmenl 
in Fi..red Capital in Creal 
Britain, Special Memoran­
dum No. 38, London & 
Cambridge Economic Ser­
vice. 

Statistical Abstract. 

S~~eruka Handelsbanken: 
"Index". 

Slalistislc Arsbok for Stock· 
holmr Stad. 

lluNsca&: see under Vo­
lumd of building. 

LINDAHL, etc.: The Na­
tional Income of Sweden. 

Statistical A bslract. 

Stalistical Abstract {from 
Standard Statistics). 

S~>erigea Sllltislislc Arsbok. 

Indez. of Housing Nuds.b 

Germany, 
pre-war 

Sweden, 
pre-war 

United States, 
post-war 

Germany, pre-war 

Sweden, pre-war 

% of vacant dwellings in 
Hamburg. · 

% of vacant dwellings in 
Stockholm. 

Stock of houses,c devia­
tions from trend. 

Pro{iu or IncotM. 

Dividends in % of capital. 

Total re81 income.d 

H UNSCRA: see under V o­

lume of building .. 
Slalistislr Arobolc f~r Stoclc­

holmr Stad. 
SlaliBiical Abolt"acl. 

DoNNEa,Die Kur~bildung 
am Alctienmarlcl, Yierteljah· 
reshefte 21U" Konjunkturfor­
ochung, Sonderheft 36. 

S<~erigeo Slllliotislc ,(,..bole. 

• The Ogure lor 1923 waJ obtained by comblnln1 the Index or priceo of building materlall 
(~tatblisk Arabok) and the index of hourlJ wages to building (BAoaz: Wage1 tn Sweden) 
With the same weights as tn index ror subsequent yean- i.e .. matertals 60%, 11r·aa-es 40%. 

• No data are shown for the United Kingdom. An attempt at computloc the stock of 
houses, in deviations trom Its trend, Jed lo Unreliable results. 

• Census data, interpolated on the basis or noor apace or buildings tor which eootracg 
have been awardrd. 

• Total assessed income of following year denated by cost-of-living Index (XYRDA.L: 
Th• Coat of L&'Ding in Sweden. 1830-1930). 

7 



Counii'J and period 

United Kingdom, 
post-war 

United States, 
post-war 

Sweden, 
post-war 
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Deocrlpllon of aerteo 

Real income from wages 
and salaries. a 

(i) Net income of corpo­
rations. 

(ii) Urban non-workers' 
income. 

(iii) Capital gains. 

Total real Income. b 

Source 

CuRl:, National lncomt1 
and Outlay. 

Statistical A h•ll'act. 

Estimates based on S. 
KuzNBTS: Nationallncom~~. 

Estimates based on WAR· 

BURTON: Journal of Political 
Economy, Vol. 43. 

Sverig•• St.ati.stish Arsboh. 

• Manny tn<'ome denated by cost-or-living Index (Ministry of Labour). 
• Total uael&ed Income or followlnl year deBated by coat-ot-Uvlng Index. 

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-half and three and a-half years, 
according to the best result yielded. 

§ 14. RESULTS 

. 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. ~n 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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Graph JY. 1. Graph IY. 2. 
"ExPLARATrow, oP BurLDING. 

UN I TED STATES t 920-1937. 
"EXPLANATION" Or BUILDING. 

UNITED STATES 1920-1937, 

(Free calculation.) 

A - Calculated. 

(Rent, bulldlnllf rostJ and lnterftl ratf' 
combtned a pnori.) 

8 - Extrapolated, 
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Graph I Y. 8. Graph /Y. 4. 

"ExPLANATION" or BuiLDING. "ExPLAI'IATION" ov Bun.D.ING. 
UNITED KINGDOM 1923-1937. UNITID KINGOOOI 1923·1937. 

f!l'ree calculation.) 
(Rent, building costa and Interest rate 

combined a priori.) 
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Graph IY. 6, 

• ExPL.I.IU.TION" or BuiLDING. 

SWEDEN 192~·1936. 

(Rent, buUdlng costa and interest. rate combined a priori.) 

-
.. :· building activity, actual. 

•: : building activity, aa explained by: 

<m.Lt : rent l · 
(q8 Lt : building costs lagged 1 year. 
(m,.bl-t : Interest rate 
'-1 : real Income 

I 

1935 --
In the United Kingdom and Sweden, on the other hand, the 

~reatest importance seems to attach to the interest rate and real 
mcome. 

For before the war, the results are more doubtful and will be 
discussed in the next section. 



• 

• 

• 

Graph IV. 6. 
u EXPLAIIATIOII" or BUILDI!IO. 0ERK.UfY (HAKBURG) 1878-1913. 

(!tent, bulldlnr cootl and Jntereot rate combined " pnorl.) 
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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· 
defmed mode which coincides with the median in three cases out 
of four. 

Grapla. IY. 7. 

DisTRIBUTION o• RaGaassloN Coanlci&IITI. 

(Tables IV. 1 and IV. 2.) 

.. ! 4 

Rent. . Ill I IiI II I I • 
"! 0 

Conalrllctlon coati IIIII I I 
< 

.. 0 

Interest rate . I II 111:1 II • 
~ -~ ... ~ ! 

Number of houses II I II Ill II 
• 

Income. . il II 'I II 
! 
I • --

(ThO X Indicates tho median.) 

The values of the medians are roughly as follows: rent + 1 ; 
construction costs - 1; interest rate - 0.1; number of houses -20; 
income + 1 %· Owing to the choice of the units, these figure• 
represent the various elasticities, except in the case of interest rates. 
In this case, the figure indicates that an increase of p.01% 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 
Extrapola- 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 shov.'ll by 
current statistics: both the free and the a priori calculations point 
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Building. Table IV. 1. Explanation 

Note -Unless otbeTWise stated, the units used are: for pre-war, % devtatt!ns from trend; 
Interest fate, the dt-vlatlons of which are expressed in units of t% and 0.01 .o respectively, 

I 9~ I each aeries, see tab e on pagett e 1eq. 

Correlation 
Counll'}' PP.rlod Series explained coefficient 

R 

Germanh 1878·1913 Net increase in number of rooms. 0.92 
(Ham urg) 

Sweden 188~-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-
vate enterprise without State 0.99 
assistance. 

Sweden 192~-1936° Number of houses built in 296 (i) 0.97 
cities. (ii) 0.97 

Sweden 192~-1936° Number of houses built without 
(Stockholm) State assistance. 0.95 

Building. Table IV. 2. Explanation ol 
and Interest Rate 

Note - SPe note to Table IV t 

Countq Period Series explained 

Germany 1878-1913 Net increase in number of rooms. 

Sweden 188~-1913 Number of new rooms built. 

United States (i) 1915-1935 Floor space of con tracts awarded. 
!!!! ~ 1920· Volume of non-farm residential 

(111 1935 construction. 

United Kingdom 1923-1935 Number of houses built by pri-
vate enterprise without State 
assistance. 

Sweden 192~-1936 Number of dwellings built in 
296 cities. 

G % vacant houses. 
b NPt Income of corporations. 
c Total urban non-workers• Income plus capital gains 
• 1933 excluded. · 

Correlation 
coetllcient 

R 

0.87 

0.59 

{ 0.96 
0.98 
0.99 

0.96 

(i) 0.89 
(ii) 0.91 
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of Building : Free Calculations. 
for post·war, % deviations from average, except for the • proOtabfUty of butldlng • and the 
'fbe tag, tn yean, is indicated in brackets after each coemcient. For a deta.J.Ied description of 

Regression coefficients and lags of: -

I 
Construction 

I Rent costa 

5.20 {1) - 1.541 {1) 

. 
1.14 (1) -1.59 {1) 

0.31 lO) -1.90 {0) 
0.23 .0) -1.56 {0) 

10.09 {1 %) -0.95 (1 %) 

-1.16 {11 
-1.43 (1 

0.341 11) 
0.39 1) 

-
- 0.52 {1) 3. 741 {1) 

Building: Rent, Construction Costs 
eomblned a priori. 

Interest 

I 
Number 

rate of houses 

0.72 (1) -16.5• {3) 

-1.03 {1) - 3.7• (1 Yz) 

-0.02 {0) -33.2 !3Yz) 
-0.03 {0) -37.0 3Yz) 

-0.56 {1 %) I 

-0.241 {1! I 
- 0.241 {1 I 

0.21 {1) I 

Regression coemclen ta and lags of:. 

Prontablllty of building 
Number 

I I construction I Interest of houses Total Rent costs rate 

4o8.2 (1) 3.36 (1) -2.19 {1) -0.32 {1) - 20.41• (3) 

I 

-19.0 {1) -1.93 {1) 1.31 {1) 0.17 (1) - 5.2• (1 Y.l . 
13.3 (O) t.21 

lg! 
-0.93 t -0.12 t! 12.3 (0) 1.23 -0.90 0) -0.12 0 

11.9 (0) 1.19 (0) -0.87 0) -0.11 0) 

69;0 (1 %) H9 (1%) -3.36 (1 %) -0.47 (1%) 

4.5 !1! 0.69 !1! -0.524!1) -0.06 (1) 
7.5 1 1.16 1 -0.94o• 1) -0.12 (1) 

d lnde'!: nt constnJctlon costs ot Svenska Hande-lsbanken. 

l
ei

8
ndex of construction costs or Stockholm Stattsttcal omce. 
ertes not included. 

-17.8 (3w 
-25.1 l3 ) 
-26.5 3~) 

I 

I 
I 

Income 
or pronts 

earned 

1.71 {1) 

3.75 {1) 

0.106 {0) 
0.16< {0) 

2.06 {1%) 

2.22 {1) 
2.25 {1) 

'-12 (1) 

Income 
or proOta 

earned 

0.71 {1) 

5.341 {1) 

0. Ho6 !0) 
0.066 0! 
0.26< {0 

1. 71 {1 Y.) 

1.66 !1) 
1.38 1) 
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Building. Table IV. 3. Explanation or Building: 
Combination with Rent and 

No!tl -See note to Table IV. I. 

Country Period 

Germany (Hamburg) 1878-1913 

Sweden (Stockholm) 1884-1913 

United States 1920-1935 

United Kingdom 1923-1935 

Sweden 1924-1936* 

Note. - See note to Tablo IV. I. 

Country Period 

. 
Germany 1878-1913 

" 
" 

United States 1920-1935 

" 
" .. 

1920-1932 

l' nited Kingdom 1923-1935 

" 
Sweden 1924-1936* 

" .. 
a Number or vacant bnuses In %. 
b NPt Income of eorporatioOs. 
c St"rles not included. 
• 19J3 excludt:'d. 

I 
Series explained 

Net increase in number of rooms. 

Number of new rooms built 

Total volume of residential construction 

Number of houses built 

Number of houses built in 296 cities 

Building. Table IV. 4. 
Influence or Number 

Series explained 

Net increase in number of rooms 
•• " " 
" " " 

Volume of non-farm residential building 

" " " 
" " " 
" " " 
" " " 

Number of houses built without State 
assistance .. .. " 

Number of rooms built in 296 cities .. 
" " .. 
" .. 
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Calculations using Interest Rate In a priori. 
CoDStruction Costs, and also freely. 

correlation 
coefficient 

R ProOtablllty 
or building 

0.93 76.8 (1) 

0.65 1.1 (1) 

0.98 12.5 (0) 

0.97 20.5 (1 ~) 

0.97 - 5.3 (1) 

Explanation of BuDding. 
of Variates Included. 

Correlation 
coefficient 

R Profitability 
or building 

0.66 
0.82 

3.8 (1) 

0.87 
. 

48.2 (1) 

0.78 33.0 (0) 
0.97 
0.98 10.5 !0) 
0.98 12.3 0) 
0.99 11.6 (0) 

0.96 88.8 (1 ~) 

0.96 69.0 (1 ~) 

0.82 11.9 (1) 
0.87 
0.89 ~.5 (1) 

I 

I 

Regression coemcienta and 1381 or: 

I 
Interest Number 

rate of houses 

1.0~ (1) -20.ta (3) 

-0.70 (1) - ~.~· (1%) 

0.02 (0) -25.1 (3%) 

-0.56 (1 ~) • 
-0.35 (1) • 

Regression coemclenta and 1381 or: 

I Number Income or 
or houses profi ta earned 

-15.5• !3) 
-20.4. 3) 0.71 (0) 

-36.0 (3%) 
-29.8 !3%) 
-25.1 3Y,) o.o6• (0) 
-22.5 (3~) -o.o6• (0) 

1.71 (1 ~~ 

2.36 (1) 
1.66 (1) 

I Income or 
proO ta earned 

1.72 (0) 

~.29 (1) 

0.06. (0) 

3.11 (1 ~) 

2.02 (1) 

I Capital 
gains 

0.003 (0) 
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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 Jesser 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-IV. 4 the results of the principal 
Details of calculations are set out. In Table IV. 1, all the 
results. 
Tables explanatory factors enumerated above have been 

IV l-IV 
4 

included separately in the correlation calculations; in 
· · · Table IV. 2, the three factors of the first group have 

been combined a priori 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 coefficients 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 of except the interest rate in the case of Germany, 
regression pre-war, which is positive instead of negative and all 
coefficients. coefficients but two of the components of profitability 

for Sweden, post-war. 
. . ~or Sweden, pre-war, the regression coefficient 

?f profitability 1s negative in Table IV. 2, but it is reversed 
m 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 coefficients with a 
wrong sign. 

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

C . The main divergencies between countries as regards 
o;parJ.Son the order of magnitude of the regression coefficients 
etwe~n of Tables IV. 1 and IV. 2-leaving aside those with 

. countnes. . 2 b b . 11 . d a w~ong s1gn -may e ne y summarlSe : 
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 coefficient 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 coefficients 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 negligible. 1 _ 

. Table IV. 2: the coefficient 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. 

C . A comparison of the coefficients of rent, construc-
~fa;~on tion costs and interest rate in Tables IV. 1 and IV. 2 

;V ; esd shoul~ make it possible to test the assumptions 
jy ~n 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. 

1 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 
influences the incentive to build. 

1 It may, in this connection, be noted that both the ~nt index and. the 
construction costs index for Sweden, post-war, which obtain only wrong s1gns 
in Table IV. 1, are not very representative. 

1 These coefficients were somewhat raised when real instead of money 
income was used, but they still remained very low. 
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Graph IV. 8. 

Bunch Map. 
BUILDING: UNITED STATES 1915-1935. 

1 - Building (contracts awarded). 2 - ProOtablllty of building. 
3 - Number or houses_ 3, 11 . 4 - Profits. 

· -Vr'Cd 
Graph IV. 9. 

Bunch Map. 
BUILDING: UNITED STATES 1920-1935. 

I - Building (total Don-farm residential construction). 2 - Prontablllty of building. 
3 - Number of houses_3'/•• 4 - PfoOts. 

0 Q>OO 
L-....1 [. f·l .... I .... , 

I.J.411 

'·'·'·' 
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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. 

Country 

Germany 
1878-1913 

Sweden 
1884-1913 

United Statea 
1920-1935 

Utd. Kingdom 
19~3-1935 

Sweden 
1924-i936 

Tables IV. 1 and IV. ll eomblned.• 

A - Free calculatitma. B - A priori calculations. 

Regression coemcienll of: 

Rent 

A B 

5.20 3.36 

• • 
0.31 1.23 

10.091 5.49 

. : ' 

Construction 
cos II 

A B 

-1.54 ~-2.19 

• • 
-1.90 ~ -0.90 

-o.95 ~-3.36 

• • 

Interest rate 

A B 

• • 
• • 

-o.02 ~-0.12 

-o.56 j-O.i7 

-o.21o j-o.o6 

Number of 
houses 

A B 

-16.5 ~-2U 

- 3.7 ~- 5.2 

-3:.2,-2:.1 

. ~ . 

Income 

A 

1.71 ! 
3.751 

0.10 j 

2.06! 

2.22 i 

B 

0.71 

0.06 

1.71 

1.68 

• For the sake of clearness, the description of series, the Indication of lags, and all 
footnotes have been omitted. 

' Cases including wrong signa have not been Included. 
• Series not included. 

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

As regards the first a 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 
BUILDING: UNITED STATES 1920-1935. 

t - Total non-rarm residential construction. 2 ~ Rent. 3 -= Construction 
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'V.JO. Bunch Map. 
BUILDING: UNITED STATES 1920-1935. 

oats: 4 .- Interest rate. & - Number of houses _ 31/r. 6 ~ Proms. 
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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 3 in 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 coefficients 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 (b) 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 btlen made. An attempt has been made 
to explain the net investment in railway rolling-stock 118 by the 
following primary factors: 

(1) The rate of increase in traffic ~ u8 only ("acceleration 
principle "); 

(2) The profit rate Z8 only (" profit principle "); 
(3) Both ~ua and Z8 (" mixed principle "). 

As secondary factors the same factors have been 
Secondary chosen as in Chapter III, viz., 

factors; lags. The price of iron qi ; 
The long-term rate of interest mLb· 

About the probable lag, some information is available in the lags 
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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 1% 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 1% 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 (2% years) for Germany, if for these two 
countries the acceleration principle was accepted as the explanatory 
principle. Therefore, a lag of 2% years for Germany has been taken, 
whereas for the other countries the lag of 1% 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 role in total invest­

ment, it did not seem ~ecessary for the ultimate 
objects of this enquiry to go into very much detail, the more so 
because the results were only moderately good. 

Countries 
and periods. 

All necessary 

§ 16 .. THE STATISTICAL MATERIAL 

The countries and periods studied are: 

France, 1876-1908 (thirty-three years). 
Germany, 1874-1908 (thirty-five years). 
United Kingdom ,1873-1911 (thirty-nine years} 
United States, 1896-1913 (eighteen years). 

data on railways are taken from the Statistical 
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Year-books of th"ese countries. For the secondary factors, the data 
referred to in Chapter III are taken. 

Some preliminary work was involved in calculating 
Computatwn the necessary indices . 
. of indices. An index Va 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. 

Profit 
senes. 

As profit series (Za), the following have been used: 
United States: " Net operating income ·: as a 

percentage of "investment " (i.e., capital 
invested); · 

United Kingdom: Ratio of net receipts 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 

i_ncreuse in 
traffic. 

percentage fates of increase in passenger traffic and 
freight traffic. The weights chosen are numbers 
roughly proportional to the total receipts for passenger 

traffic 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 traffic series used. 
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Traffic •erieo and weights used. 

PaHenger traffic Freight tramc 
Country 

series used jwelgbt Series used jwelght 

United States Passenffers carried Freight carried 1 
3 1 m1 e 1 mile 

United Kingdom Total ordinary pas- Total tonnage of 
senger journeys ~ goods conveyed 5 

Germany Passengers carried Freight carried 1 
2 1 kilometre 1 kilometre (tons) 

France Passengers carried Freight carried 1 
5 t kilometre ~ kilometre (tons) 

For pig-iron p~ices and long-term interest rates, the same series 
have been used as described in Chapter II I. 

In order to eliminate trends, deviations from nine­
Trends. year moving averages have been taken for all series 

except iron prices, where percentage deviations from 
nine-year nioving averages were taken, 

§ 17. RESULTS , 

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: 

(i) Looking at the correlation coefficients obtained. 
Results not one finds that the results are not, as might have been 
better than 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 a more restricted field of activity. 

for general 
investment 
activity. 

Lags. 
(ii) 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 1% years for 

the United States, the United Kingdom and France, and 2% 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 
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case. of the United Kingdom and France, the regression coefficients 
obtained for profits with 2% years lag are small in comparison to 
those obtained for profits with 1% years lag. This means that the 
optimum lags are near to 1% years-somewhat more in France, 

Graph V. 1. 

"ExPLANATION" Ol' INVESTMENT IN RAILWAY RoLLING-sroctt. 

UNITED STATES 1896-1913. 

Left-band side: "-llllxed principle • - Right-band side: • Profit principle •. 
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Investment in railway roiUog..atock:, actual. 

investment tn railway rolling-stock, as explained by: 

increase in traffic, lagged ~ % years; 
pronts, lagged t year; 
profits, lagged 2 years; 

profits } 
rate or increase in proots 

lagged I!> years. 
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somewhat less in the United Kingdom. For Germany, both coeffi­
cients are equally important, pointing to an optimum )ag of 2 years. 

The regression coefficients 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" OP INVESTMENT IN RAILWAY RoLLING·STOCK.. 

"• : 

~~:: 

(~•.>-! \i : 
(Z•J.-1% : 

(Z•l-2li : 

UNITED KINGDOM 1873-1911 • 

.. lllxt."d prln«"lple ". 

Investment In railway rolling-stock, actual. 

Investment in railway rolllng-stock, as exPlained by: 

rate or Increase In tramc, lagged t y
1 

years; 
pront rate. lagged t % years; 
pn.Hlt rate, lagR"Pd 2 Ys years. 
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stock requires at least on"! 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 couh.l, however, be 
written in the form: 

Graph V. 3. 

"ExPLANATION" OF INVESTMENT IN RAILWAY RoLLING-sTocK.. 

"•: 
w:: 
~~ .. >-2~: 
<Zal-t% : 
<ZaL2%: 

GERMANY 187~-1908. 

• Mixed principle •. 

Investment tn railway rollina--stock, actual. 

investment In railway rolling-stock, u explained by: 

rate of Increase In traffic. lagged t ~ Jears; 
pront .rate, lagged t% years; · 
proftt rate, Jagged 2% years. 
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where the first expression in brackets is very near to twice profits 
with a lag of 1 Y2 years and the second expression in brackets is the 
rate of increase in profits "ith a lag of 1 Y2 years. Thus the rate of 
increase of profits, as well as profits themselves, is represented as 
exercising an influence on investment. Briefly, and very appro~­
mately, we get 

"n = 1.86 (ZnLu + 3.20 (Znl-t.s (cf. Graph V. 1). 

Graph Y. 4. 

"ExPLANATION" or INVESTMENT IN RAILWAY RoLLING·SToc~:. 

"• :· 

"·· : 
(A•aLt%: 
(Zal-t% : 
<ZaL2%: 

FRANCE 1876-1908 . 

. ·Mixed principle •. 

Investment In raHway rolltng-.stock, actual. 

Investment In railway rolling-stock, u explained by: 
rate of Increase In trame, laggeod t% years; 
pront rate, lagged t ~~ rears; 
pront rate, lagged 2 ~~ )'tars. 
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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 
principle for the United States and France, and about the same 

correlation as the profit principle for Germany and 
:Mixed England. Calculations (3) (Table V. 1, 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 pripciples 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 
Calculations V. 2 and V. 3) show considerable improvements in cor-

usmg 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. 

Regression 
coefficient 

for 
acceleration 
principle. 

The regression coefficient obtained in case (1)-· 
whether or not secondary factors are included makes no 
difference-is far lower than the acceleration principle 
in its simplest form 1 would suggest. In fact, it is 
often suggested that a given percentage increase in 
traffic would lead to an equal percentage increase in 
rolling-stock. Instead of unity, the coefficient 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 IIABERLER: Prosp.rily and Depression, pages M and 85. 
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Table V. 1. " Explanation " of Investment 

Unlta: Invf'slmf'nt: Prrcf'nta"'e Jnctt>a~e In rolling-stock, deviations from 9 years movlnp: average, 
l Trame: Perct>ntaJ,(e Jncrf"ase In tramc. df'vlations from 9 ,-ears moving average, 

Prollts: t•ercentage profits,l deviations from 9 years movmg averaKe. 

' ( t) Acceleration prtnetpl~ (2) Profit principle 

Country Period Corre- Regr~~lon · Corre- ReKTl'~slon 
I a lion cot"tnclent lation coefficient. 
cof'ffi- and laa- of f"oem- and Iaiit' of 

' cient .1. tratnc <'it>nt profits 

(I) (:.?) (:1) (4) (5) (6) 

United States 1896-1913 0.54 0.15 (1 V!l 0.63 3.20 {1) 

United Kingdom 1873-1911 0.63 0.3~ (t %) 0.66 ~.80 (1 %) 

Germany 1874-1908 0.79 • 0.3~ (2%) 0.74 2.H (2%) 

France 1876-1908 0 .. 57 0.211 {1 %) 0.67 3.42 {1 %) 

l Or the best approximation to It available. • 

• 
Counlry 

(I) 

United States 

United 
Kingdom 

Germany 

France 

Table V. 2. " Explanation " of Investment 

Introduction of iron prices and long-term interest rates as 
I 

. 

I. Acceleration principle 

Ptrlod Cnrrf'-
I alton 

Revesslon coefficients and lags or: 

("Of' In-

I I 
dent traffic Iron price lnteiest rate 

(~) (:1) w (5)' (6) 

1896-1913 0.78 O.M (1%) -0.0~ (1%) -0.09 {I%) 

1873-1911 0.75 0.27 {1 Yz) 0.02 (1 V!l -0.04 (1 %) 

1874-1908 0.88 0.40 (2%) -0.04 (2V!) 0.01 (2%) 

1876-1908 0.83 0.19 {I%) 0.06 {1 %) -0.05 (1 %) 
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In Railway Rolling-stock. 

Interest rates: deviations from 9 years moving average, in O.Ot ~:.. 
Iron prices: percentage deviations from 9 years moving average. 
Lags: ye·ars . 

. 
(2') Profit principle (distr. la2') (3) llixed principle 

corre-
Re~ression co~fficients 

Rf'grf>S.Sion coefficients and lags or: 
Ia IIon Carre-
cooftl- aiJd lags or profits lation 

I etent .l. traffic proOts 

"(7) (8) (G) (10) (II) (I~) ( t :J) 

0.77 4.13 ( 1) - 2.2? (21 O.i7 0.01 (1 %1 3.98 (1) - 2.16 (2) 

0.66 5.10 (1 Yz) -0.55 (2Yz) 0.84 0.3? (1 Yz) 1.95 (1Yz) 2.?0 (2Yz) 

0.83 1.52 (1 Yz) 1.53 (2 %1 0.88 0.18 (2Yz) 1.1? (1 Yz) 0.78 (2Yzl 

0.68 3.00 (1 Yz) 0. ?1 (2 Yz) O.i5 0.1? (1 Yz) 1.40 (1 Yz) 1.50 (2 ¥!) 

In RaHway Rolling-stock (continued) . 

. supplementary explanatory factors. Units: see Table V. 1. 

2'. Profit principle 

Corre- I Regression coefficients and lags or: 
latlon 
coem-

I I I cient profits iron prlre interest rate 

(7) (8) (9) (I 0) (II) 

0.87 2.55 (1) -1.80 (2) -0.02 (1%) -0.07 (1 %1 

0.70 3.80 (1%) -1.35 (2 Yz) 0.02 (1%) -0.03 {1 Yz) 

0.84 2.14 (1%) 1.58 (2%) 0.01 (2~) 0.04 (2¥!) 
0.86 1.89 (1Yz) 0.81 (2%) 0.03 (1 zl -0.01 (1 Yz) 

0.79 2.15 (1%) -0.35 (1%1 0.04 (1 Yz) -0.05 {1 Yz) 
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(I) (~) 

United States 1896-1913 
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Table V. 3. " Explanation " of Investment 
Calculations using only interest rates 

I. Acceleratton principle . 

Regression coefficient and lags of: 
Correlation 
coefficient _ .l traffic I Interest rate 

(3) (4) C>l 

0.69 0.09 (1 ~) -0.07 (1~) 

United Kingdom 1873-1911 0.67 0.29 {1 ~) -0.03 {1~) 

Germany 187~-1908 
' 

0.79 0.3~ (2~) 0.00 (2~) 

France 1876-1908 0.69 0.19 (1~) -0.06 (1 Yz) 

one-half, 1 which means a considerably smaller s~nsitivity of invest­
ment. After the introduction of the "secondary factors" and of the 
mixed principle, these coefficients grow less uniform, but in general 
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 proportion to changes in production.1 

Influence 
of iron 

Not very much evidence is found of any influence 
of iron prices in the European countries. The regres­
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 {~) by column (3), and is 
therefore: .· · 

U.S.A. U.K. Germany France 
0.28 0.>1 0.43 0.42 

1 In the case of the mixed principle for the U.K. and Germanv, the correla­
tion would improve if a continuous fall in the regression co;fficients were 
assumed to exist {cf. Graph V. 2 and V. 3). · _ 
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,0 Railway Rolling-stock (continued). 
as supplementary factors. Units: see Table V. 1. 

2'. Pront principle 

Regression coemcient and Jags ol: 
Correlation 
coemctent proftts I interest rate 

(6) (7) (8) (9) 

0.8.5 2.68 (1) -2.65 (2) -0.07 (I%) . -
0.67 U2 (1YJ) -0.56 (2%) -0.02 (1 %) 
-
0.84 1.76 (1Yz) 1.71 (2Yz) 0.03 (2 Y.l 
0.83 1.37 (1 Yz) 1.59 (2 Yz) - O.ot (I Yz) 

0.76 2.27 (1 Y.l 0.87 (2 Y.l -0.05 (1 Yz) 

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

On the oth~r hand, the influence of interest rates 
Influence seems to be quite clear (Table V. 2, columns (6) and 

·of intet:est (11), and Table V. 3, columns (5) and (9)). Here, as 
rates. in other 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 0.1% 
(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 0.9% (ten times 
the regression coefficient found) more than normal, whereas the 
corresponding figures are 0.2, 0.3 and 0.4 f9r 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 role than it did before the war; 
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In addition to the i,nformation 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-xhibiting the " mixed principle " • without 
secondary factors and the acceleration principle with interest 
rates asasupplementaryfactor(cf. Graphs V.5 to V.S). These bunch 

Graph V. 5. 

Bunch Map. 
RAILWAYs: GERMANY 187~·1908. 

t - Investment Index. 2 .. 4. traffic lnde:t_2Ys· 3- Profits_ I%. 4 = Pronts_ 2Yt. 
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'·' 

Graph V. 6. 

Bunch Map.· 
RAILWAYS: GERMANY 187~·1908. 

••• 

t - Investment Index. 2 = A traffic index_ 2%. 3 - Interest rate_2%. 

• """' / I~ ·f· 
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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 coefficient 
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. 

Bunch Map. 
RAILWAYS: UNITED STATES 1896·1913. 

t- Investment Index. 2- ll. traffic Index_,. 3- Proftts_ 1. 4- Proftts_2. 
' 

Graph V. II. 

Bunch Map. 
RAILWAYS: UNITED STATES 1896·1913. 

1., Investment Index. 2- ,6, traffic Index_ I. 3- Inte'rest rate_ I . 

. .... 
L............l 

'. " 



-130-

influence of interest rates in Germany. In the case of the United 
States (Grap!J. 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 eleme~tary 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 yields correct ~igns 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 enterprises. 

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 
coefficients 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 INVESTIGATIO~S 

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 Ill. 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 1% 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 he 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 (ii) 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 K1 ; 

Depreciation allowances N. 

Calling the amount of profits Z, we therefore get: 

Z = U + V - (L.., + L, + L. + K,. + K1 + 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 he made after a 
complete system bas 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 he 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 he represented by Xe. where t indicates the year 
(or any otherunit 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 he x:T). The latter is then of the form 

x:•> =a+ bt (1) 

where a and b are constants, which should be chosen so as to 
obtain the .. best " fit between x, and x!T). This is usually done 
by applying the method of least squares, which prescribes that 
the expression 

(XI- X~T))2 + (X2- x;Ty + (X3- X~T))2 + •., 
... + (X,.- x~>)2 or ~t(X1 - x:T>) 2 

I . 
(2) 

he made as small as possible by a suitable choice of a and b. This 
problem can lie solved .most simply if t, X1 and x:T) are measured 
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as deviations from their mean values. If the mean values be 
indicated by t, X and x<•> respectively, and the deviations by t'; 

(T) h • x1 and x1 , we ave. 

-( ) 1 " x• = -~~x<•> N f . I 

and 
<•> - x<•> - x<•> t' = t - t j XI = XI - X j XI - I 

It follows immediately that: 

:Et' = 0 ; :Ex1 = 0 ; :Ex~•> = 0 

Assuming now that the trend equation takes the form 

(T)- 1 + b't' x1 -a 

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

" l: 1 (x1 - x~•>) 2 minimum 
I 

Replacing x:•> by its value (1'), this becomes: 

" :Et(x1 - a'- b't')2 minimum. 
I 

(3) 

(4). 

(5). 

(1 ') 

(2'). 

This expression depends on a' and b', since all other variates 
are given numbers drawn from observation. It is therefore a 
function F(a', b')" of a' and b', and its minimum value must, 
according to a well-known statement in differential calculus, obey 
the two relations: 

~ F (a', b' ) = 
0 

~a· 

~ F (a', b' ) _ 
0 1 

~b' - (6). 

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

l:x1 - Na'- b'l:t' = 0 l:x1t'- a'l:t'- b'l:t' 1 = 0. 

Applying relation (5), they are much simplified and become: 

a'= 0 l:x t' = b'l:t'1 or. b' = l:x1t' 
I l: t'2 (7). 

The trend, if measured in deviations 
therefore of the simple shape: 

from its mean value, is 

(8). 

To obtain its actual level, the easiest way is to introduc.e t' into 
equation (1), as follows: 

• x:Tl = a+ b(t' + t) = a + bt + bt' (9). 

As the. average of bt' = ~ l:b t' = ~ l: t'. = 0, it follows that 

a+ bt = X(T)• 

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

applying the principle of least squares, that x<Tl = X (this, in 
fact, is self-evident). 

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

x(T) = X + t'l:xl t' 
I l: t'2 (10). 

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 b1, b12 , b13 , etc., which give the best fit between any 

• For simplicity, the suffixes to the sign :E_ will in future be omitted. 
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given series X 11 and a linear function X'11 of a number of " explana-
" . X X t 1 tory ser1es 21 , att e c. 

All series may again be measured in deviations from their averages. 
(The suffix t will in future be omitted in the formulre, as no 
ambiguities can arise.) The deviations will be denoted by x1 , x;, 
x2 , etc., and, as before, it follows from their definitions that 

!:x1 = !:x; = !:x2 = !:x3 = ... !:xn = 0 (12). 

By this choice, b1 will become zero. 
The problem is to find for b12 , b13 etc., values which make the 

expression 

a minimum. The quantities x~,23 ... n will he called the residuals. 
They have to fulfil the following conditions known as " normal 

equations " and perfectly analogous to equations (6): 

. . . . . . . . . . . . . 
These may be written: 

b1 2 !:xi + b13 !:x2x3 + ... + b1n !:.1:2xn = !:x1 x 2 \ 

b12 !:x2xa + bu !:x; + ... + b1n !:x3xn = !:x1 x3 ( 

~ 
. . . .. . . . . . . . . . . . . . . (15) 

where n - 1 is the number of" explanatory series", Equations (15:• 
are usually the most convenient to use in numerical calculations. 

1 In Chapters lll·V, where only the first regression has been considered 
X' and z' have bt'en replac~d by x• and z•. ' 



-137-

All th " · " ... _2 ... _ k f e sum-expressions """""
2

, """2x3 , etc .... are nown rom 
observation. 

A general definition of the correlation coefficient between two 
Aeries is given by the formula: 

(16). 

This definition may also be applied to the series x and x;, and 
then provides the "total correlation coefficient" R~,23 ... n· The 
result can be put in the form: 

R -1.23 ... 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: 

b12 + b13r23 + ... + btn'zn = '12 

. b12'23 + bu + ... + blnr3n = 'u (17) 

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

The coefficients b12 , b13 , etc., to be found from the normal 
equations (15) are the regression coefficients for the first elementary 
regression. H, for example, the second elementary regression is 
to be determined, the role or suffixes 1 and 2 should be interchanged 
and the coefficients in that regression -
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- have to he calculated from: 

b21 I:x~ + b23 I:xtx3 + ... b2ni:X1Xn = I:x2x1 

b21 I:xt x3 + b2a I:x~ + ... b:in I:X'aXn =" I:x2xa 
(19). . . . . . . . . . . . . . . 

b21 I:x1 Xn + b23 I:x3 Xn + ... b2n I:x! = I:x2 Xn 
' 

Equation (18) should be transformed into: 

x" = __!_(x2 - bi3 x3 - b24 x,- ... - b2nxn) (20) •. ~. . 

by writing x2 instead of x;, and x; instead of x1 if it is to he used 
as a second estimate for the " explanatory equation " for x1 

(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 11-faps. 

Here the technique outlined by Professor Frisch, who proposed 
the method, in his " Statistical Confluence Analysis by Means of 
Complete Regression Systems" 1 has been almost exactly followed. 
As bas been pointed out in § 2, the regression coefficients in nor­
malised units can he determined from the system of all correlation 
coefficients between the variates considered. Starting· with these 
correlation coefficients, it is conceivable that every possible re­
gression formula is calculated in the way indicated sub 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 

1 Publication No. 5 of the Economic Institute of the university of Oslo 
(Universitetets 0konomiske Institutl), Oslo, 193~. 
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of the determinant of the correlation coefficients: 

(21) 

should be calculated, and this is done in a systematic way. 
As any minor of a two-rowed determinant is itself 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 

r 11 r 12 r 13 

A12a = r21 rn r23 (22). 

The_ minor i-11 (this notation being provisional only) corresponding 
with the element r11 is found from i-11 = r22 r33 _..:_ r 23 r32 = 1 - r~a­
Similarly, i-22 =·1 - r;3 and r33 = 1 - r;2• The minor i-12 

. corresponding with r12 equals 

Similarly, 
i-,a = - r,a + r12r23 

i-23 = - r23 + r 12 r13 : 

The figures for rilt and for riA are written in a table showing them 
in the following way: -

rUt 1 2 3 Tilt 1 2 3 

1 ru r 12 r 13 1 i-ll i-,2 i-13 

2 r22 r23 2 i-u i-22 i-23 
3 r33 3 r13 r23 ~'aa 



-140-

Because of the symmetry, the figures below the diagonal may be 
left out as has been done in the left-hand table. The figures rill 
can no~ be easily checked, as there ar~ three ways of calculating 
the value of 11123 : 

11123 = ru ru + r12 ;.12 + ru ;.13 

= r12;.12 + f22;.22 + r2a;.23 

= ruru + r23,23 + r33,33' 

' 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 
coefficients is now obtainable from table rill. The regression 
coefficient of variate 2 in the "explanation" of variate 1 is equal to . " 

- ~12 if the direction of minimising is that of variate 1 ; - ~22 if 
ru rl2 

r 
the direction of minimising is that of variate 2; and -,23 if the 

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

rta r2a rsa . . 
respectively - ,--, --::- or - ,-- m the three cases mentiOned. 

ru ru rta 
Each group· of three coefficients supplies the material for the 

. construction. of one bunch map. Taking the first group, the 
r 

number - •12 indicates the slope of the beam to be indicated 
ru 

. h 1 ;.22 ;.23 wtt 0 , --::- that of beam 0 2 and - .,.-- that of beam • 3; the 
~2 ~3 

symbol 0 being used for the "leading beams "-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~ an be analysed. 
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Here it must he emphasised that the symbols used above, 
r13, etc., are, stricty speaking, incomplete and should be written 
r131123,-, indicating that it is the minor within .1.123 corresponding 
with the element r 13 • Otherwise there would he no possibility or 
distinguishing it from, e.g., r131134l. 

·In order to make bunch maps for the next higher stage-i.e., 
"four-sets "-the minors r1211234l, etc., have to he calculated. 
Those relating to elements on the diagonal-viz., i\w 234 l, 72211231>, 
etc.-are, owing to their definition, simply equal to .1.234 , .1.134 , etc. 
Those not relating to an element on the diagonal have to be . . 
calculated With the formula: 

;:.. =- ~ . ; . r. 
1J(•,I···Tl It- •, l···lJ( ... T tlt{•,l· .. )l(···Tl 1t1 

(i ¢: j) . 

The meaning of the suffixes is the following: 

at, ~ ... 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 

r,~~.'s have to be taken as corresponding to the set 
without j. 

As an example, r12u 231l ·may be taken. Here i = 1, j = 2, 
at, ~ ... y = f, 2, 3, 4, and k evidently has to assume the values 
1, 3, 4. We find: 

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 II, the standard 
error ab for any regression coefficient b111. must he calculated 

lit 
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by means of the formula: 

(23) 

in which the symbols have the following meaning: 

(a) V N ~ n crt. 2a ... n is the standard deviation of the resi­

duals xt. 2a ... n• corrected for the number of coefficients in 
the regression formula (11) and therefore equal to: 

V 1 v 1 . =-- I:x2 = I:(x' -x )2 
N _ n . 1.23 ... n N _ n 1 1 

(24). 

The easiest way of calculating this standard deviation is giyen by: 

cr
2 = cr2(1- R2 ) 
1.23 ... n ol 1 .• 23 ... n 

where cr1 is the standard deviation of x1 • 

(b) M 11 is the determinant: 

I:x! I:x2x3 I:x2x4 .... I:x2x,. 

-I:x2x3 I:xi 

I:x
2
x ............... I:x2 

. n n 

i.e., the determinant formed by all moments of the " explanatory ~· 
series. In those cases in which calculations for bunch maps are 
already available, it can very easily he obtained from: 

1 r23r24 .... • r2n 

r23 1 ...... . 

r. . . . . . . . . . . 1 .n 
= N"-lcr2cr2 2 A 

3 
... au 

2 n 23 ... n 
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where a2 ••• a,. are the standard deviations of x3 ••• x m N is the number 
of observations, and A. is the symbol introduced in Appendix A, 3. 

(c) M11kk is the determinant remaining if the kth column and 
the kth row in M11 are dropped; e.g.: 

MuJJ = · 

· l:x
2
x ......... l:x2 

n n 

This, again, can be calculated by: 

1 r2!. ..... r
2
,. 

r 24 1. · · · · · · : 

r2,. ........ 1 

5. Calculation of Limits to the Error of Weighting in Regression 
Coefficients. , 

The formulro 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 x1). 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 
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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 involving the complete set of variates. Thus, b11 must lie 
between the largest and smallest of the four coefficients 

r 
b(2) =-...!! 

I 2 • ' 
rzt 

Additional limits to the error of weighting in b12, 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 

(26), 

' 
the standard deviation a of the variate x1 itself being equal to 
unity. Similarly, if only the second variate is subject to disturb­
ances, their standard deviation is estimated by 

./N ./N 2 

V N- n az.m = V N- n (1- Rz.m) (27), 

and so on. The expressions containing the four multiple correlation 
coefficients R are easily computed from 

1 Rz 11tz3t 
- 2.m=~, 

134 

etc. 

Ir any one of the standard deviations (26), (27), etc., of distur­
bances seems too large to be accepted, a priori considerations may 
lead one to adopt limits, say, 

(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 b11, 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,1 which 
excludes a considerable part of those values of b11, 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 b11 ••• , the interval between these limits partly over­
lapping, or falling entirely within, the interval defined by the 
figures (25). Only values of b11 ••• common to both intervals, then, 
have to be admitted. 

The additional limits for b11 according to this rule are the largest 
and smallest of the quantities 

• 

]~t> = _ n,2 
t2 A t 

nil 

. 
n 

•(2) - 22 
1,2 --;. • 

21 

• 

/
·<3> = _ na2 
t2 ... ' 

n3t 

. 
n 

•(4) 42 
/12 = --.­

nu 
(29). 

Here, n11, etc., are the minora of the elements n11, etc., in a deter­
minant, obtained from the determinant 11 of the correlation coeffi­
cients by replacing the diagonal delements r11 , raa, etc. (which 
equal unity), by 

' 

where 

etc. 

Mutdtis mutandis, similar limits for b11 and bu 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. KooPIIANS. 

so 
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H greater precision is required, it may be useful to determine the 
full consequences of the limitations (28) on the coefficients b12 •••• 

These can best be formulated in geometrical terms. A set of coeffi­
cients, b12, b18, b14, may be represented by a point C in three-dimen­
sional space having these coefficients as its rectangular co-ordinates. 

· Then, instead of the simple limits (25) for b12, and similar limits for 
b18 and bw the more restrictive proposition holds that the point C 
is confined to the tetrahedron formed by the four points 
(!J<Il b<ll b<ll) (b<2> b<2> b<2>) etc. Further as a consequence of the 

12 ' 13 ' t4 ' 12 ' 13 , u. ' , 
limitations (28), the point C must in addition be confined to the tetra-
hedron formed by the four points (J"<Il ,·(I) ·,·m) (/"<2> ,·<2> 1·<2>) 

12 I 13 I ~~ I 12 I 13 1 14 I 

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 p;; p;, 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 x1 
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

12
, 

etc., by the remaining limitations, but only serves as an aid in 
computing the effect of the choice of p', p', p', 

. 2 3 ' 
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 

I 
PIG-I ROlf 

{ 
ConAump- Price of Production Pront Descrtptloo Pig-Iron tton or Iron pig-Iron of oonsumen• margin of 1erlet production and ateel good& 

Unlto . { 000'1 tons 000'1 tool 1782- 100 1913- 100 1907- 100 

(I) (2) (3) (I) m (6) .. 
1810 &.9~1 2,736 u 53.5 168 

1 6,627 3,372 47 58.3 161 

' 6,742 3,411 H 57.9 188 

• I 6,566 3,396 85 61.0 190 
I 5,991 3,271 66 62.7 170 
& 6,365 3,680 52 60.9 156 

• 6,556 3,969 16 60.5 136 
7 6,608 3,927 H 61.5 136 
B 6,381 3,812 36 58.3 134 
9 &,995 3,224 37 5U tn 

80 7,749 4,0'.?0 42 64.6 130 
1 8,114 4,057 37 6'2.9 lt8 

' 8,586 4,281 39 66.7 120 
I 8,529 4,339 . 37 68.0 lt2 
I 7,812 4,131 32 69.0 101 

' 7,115 3,782 31 64.6 91 

• 7,009 3,614 30 65.2 86 
7 7,559 3,486 31 67.8 82 

• 7,999 4,415 31 71.6 84 
t 8,323 5,064 38 71.9 81 

90 7,901 4,829 39 75.4 92 
I 7,406 4,772 36 78.2 90 

• 6,709 5,014 33 73.0 82 
I 6,977 4,766 32 "72.3 80 
I 7,427 5,356 32 75.3 72 
& 7,703 5,458 32 79.& 66 

• 8,660 6,151 34 81.5 68 
7 8,796 6,619 34 79.1 66 

• 8,610 6,889 36 83.6 61 

' 9,4'H 7,574 47 86.0 78 
1100 8,960 7,693 55 84.2 too 

1 7,929 7,231 II 83.7 90 

' 8,680 7,491 10 8U 8~ 
I 8,9:15 7,765 40 82.2 84 

' • 8,694 7,739 39 80.8 86 
I 9,608 8,019 42 85.7 84 • 10,184 8,247 46 8H 92 

' IO,IH 7,608 48 91.4 100 

' 9,057 7,133 43 90.1 96 

' 9,~32 . 7,477 42 88.7 88 
10 10,012 7,860 42 89.3 94 

1 9,b'!6 8,207 II 92.8 98 • 8,751 8,055 48 98.8 100 
I 10,260 9,540 50 100.0 104 

Notea Gnd Sourcee. 
(2) Production or pla-troo and ferro-alloys. British Iron and Steel Federation: 

Slahshre of lhe Iron and Sltel ltulustrits. · 
(3) Home consumption of iron and steel. Unpublished estimate by Mr. A. CAlRNCBOSS., 

Olasa-nw. 
(4) Saut"rbt'<'k'A priC'f' lndf'X, S. KUZNETS: S~O?' Movemmts in Production ond Prir,.s. 
(:,) lnd.t>X of production of conaumen' goods. HorFJU.MM: WeUw1rlllclla/Uichea Architt. 

~ol, 4.0. 
(6) ProOt mal'llln - lndn: of priCf'S of f'Xportf'd Onl!'bed produrtl (Cal('ulatlon L.o.N .• 

bast"d on tradr statlsti("S)- % Index of wa.rt ratf's (Index or BowLKY and \\·ooP, 
taken trom LAYTON: lntroduchon ao the Studu of Pricea). 
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PRE-WAR 

RAIJ.WATB FHU.ft'CB I 
Railway Index of Non-labour Long-term Short-term } Description Investment increase Proflt rate Interest interest 

Index In traffic Income rate rate of aerhs 

% % % million ! % % L Unit& 

(7) (8) (9) (10) (II) (12) {I) 

460 3.24 3.1 1111 
8.51 4.69 490 3.23 2.7 I 
5.33 9.06 4.78 525 3.24 3.8 ' 6.19 7.19 4.62 515 3.24 4.5 ' 1.70 1.56 4.10 555 3.24 3.5 ' 3.82 8.16 ' 1.47 560 3.20" 3.0 ' 2.99 1.11 4.36 560 3.16 2.2 • 1.21 2.58 1.33 555 3.15 2.3 7 
1.20 -0.13 4.24 540 3.15 3.5 • 0.77 Ul 4.18 545 3.08 1.8 ' 2.19 9.45 4.41 560 3.05 2.2 10 
2.89 3.75 4.33 575 3.00 2.9 I 
3.74 4.78 4.36 590 2.98 3.4 I 
S-55 4.18 4.32 585 2.97 3.0 ' 4.17 -0.72 4.19 580 2.97 2.8 ' 2.07 -0.25 4.04 580 3.02 2.0 ' 1.10 1.32 4.01 580 2.98 2.1 • 1.26 3.60 4.02 595 2.95 2.4 7 
2.15 3.20 '4.08 615 3.02 2.4 • 3.12 5.01 4.23 640 2.87 2.7 • 3.85 3.52 Ul 640 2.85 3,7 , 
00 2.82 4.31 6~5 2.87 2.5 I 
3.62 0.89 4.17 62!) 2.85 1.5 ' 2.16 -2.72 3.91 630 2.79 2.1 ' 1.66 8.06 Ul 645 2.72 1.0 ' 1.69 2.51 4.17 660 2.59 0.8 6 
2.16 6.23 4.34 680 2.!8 1.4 • 2.16 5.11 4.35 715. 2.45 1.8 1 
3.>1 2.02 4.25 ns 2.48 2.6 • 3.23 7.04 4.31 765 2.58 3.3 • 3.11 3.00 1.06 790 2.76 3.7 1100 
1.36 0.05 3.89 800 2.92 3.2 I 
t.29 3.34 4.06 805 2.91 3.0 ' 1.01 1.13 1.07 810 2.83 3.4 ' 0.55 0.89 4.02 825 2.83 2.7 ' 0.25 t.t2 4.05 8CJS 2.78 2.6 • 0.57 4.92 4.09 875 2.83 4.0 • 1.59 3.77 1.10 90S 2.97 I.S , 
0.37 -1.94 3.92 895 2.90 2.3 • 0.04 0.45 4.05 910 2.97 2.3 • 0.02 3.05 -i.24 940 3.08 3.2 ,. 
0.08 1.67 4.34 985 3.15 2.9 I 
1.28 -1.40 U8 3.28 3.6 ' 3.40 4.4 ' 

(7) % increase In number of locomotives and of earriag('S, waa-ons and truck!', webrbted 
by I and 4 respectively. OriRinal data from C. D. CAMPBELL: .. Cyclical nuctuatlona 
tn the Railway Industry • in tbe TranB4Ctiona of the Manchester Statistical Society. 
t9'l9/30 sesslon. 

(8) % increase in ordinary JUlDf'n~f'r joumf'ys and in tonnage of .-oods convryrd; 
weighted by " and b respectively. Original data from C. D. CAMPBELL. toe. eu~ 

(9) Ratio or nf't rece_ipts to paid-up l'apital. C. D. CAXPBB_LL, loc. cd. 
('0) BowLEY: Economac Journal, Vol. XIV. and 1. STAMP: .. BrihM Income• and Pro,wrtv • ~ 

Years endin~ June. 
(tt) Yif'ld on British Con sols. I. Fr!!HEB: The Th~TJI oJ lnkrt•t~ 
U'!) Market rate of discount. I. FISHER: toe. c:il.. 



GERMANY 

I PIG~IBOK FIIU.NCB 

" Con- Indrx of 
Index Long- Short-~I! !·~- produc--

~~ pro- IIUIIIP'" tlon of Price of Pront Dlvl- ol term term Share 
tlon of pig-Iron margin dends share Interest Interest yield 

la 
due>- Iron and con-

prices rate rate tlon ateel aumera' 
good& 

--- --- -
!l to• me-

to• me- 1913 Markl Nominal 
;; trtc trlc 

- 100 
per % % value %' % % 

" tone toni ton - 100 

(!) (2) (3) (I) (~) (6) (7) (8) (9) (10) (II) 

1170 1.39 1.40 29.3 72.8 -7.' 9.16 126.2 4.61 4.19 7.~0 
1 1.56 1.78 34.7 74.7 - 0.1 12.88 147.6 4.44 3.7~ 8.13 

• 1.99 2.32 38.0 108.6 10.8 1~.13 196.7 4.26 3.9~ 7.69 

' 2.24 2.69 36.4 107.7 12.8 12.04 18~.0 4.30 4.46 Ul 
4 1.91 2.04 31.& 81.1 b.3 8.~6 138.1 4.24 3.23 6.20 
6 . 2.03 2.07 34.3 68.9 - 4.6 &.22. 106.2 6.25 3.70 4.92 

• u~ U6 37.7 &8.9 - 4.3 us 86.6 4.22 3.04 4.83 
7 1.93 1.83 38.6 &&.2 - 2.0 4.33 79.7 4.23 3.17 &.43 
8 2.1& 1.88 37.8 &2.1 - 6.3 4.37 83.7 4.2& 3.07 &.22 
9 2.23 1.8~ 38.3 49.1 -u &.47 100.6 4.18 2.60 &.21 

10 2.73 1.97 34.8 &8.& u 6.4& 129.0 4.0& 3.04 b.OO 
1 2.91 2.04 36.9 ~~.3 4.2 6.64 134.9 3.97 3.~0 6.92 

• 3.38 2.~& 38.2 ~7.0 0.9 6.67 133.9 3.9& 3.89 4.98 

' 3.47 2.63 41.8 ~2.& 1.0 6.63 134.8 3.93 3.08 4.92 
4 3.60 2.80 44.0 47.1 - 0.6 6.26 129.& 3.88 2.90 4.83 
6 3.69 2.84 4&.0 42.7 - 3.4 &.73 121.9 3.81 2.8& 4.09 

• 3.~3 2.44 4o.t 39.& - 6.6 &.49 t25.9 3.73 2.16 U6 
7 4.02 2.83 49.3 10.7 - 6.8 6.18 129.1 3.70 2.30 '-19 
I 1.31 ~.:18 19.9 13.& - &.1 8.0& 147.1 3.64 '2. it &.47 
9 1.~2 3.80 54.2 17.& 4.0 9.62 178.1 3.61 2.63 &.39 

110 1.66 1.01 ~6.1 ~1.0 9.8 10.22 173.2 3.67 3.78 &.90 
1 1.64 3.62 ~8.0 49.& 9.0 8.14 148.& 3.71 -<!.02 &.48 

• '-94 3.89 &7.7 16.0 2.1 7.00 142.9 3.67 1.80 4.90 

' 4.99 3.82 ~8.3 43.0 - 0.6 6.80 143.6 3.66 3.17 414 
4 ~.38 1.08 61.9 42.6 - ~.3 7.70 ~~~.~ 3.~& 1.74 '4.98 
6 &.46 I.Ob • 68.7 1:1.0 - 6.0 8.38 178.8 3.37 2.01 1.69 

• 6.37 &.10 67.0 46.7 -7.1 9.97 184.~ 3.34 3.04 &.10 , 6.88 &.17 69.8 &0.6 - 2.0 10.~0 194.~ 3.36 3.09 &.40 
B 7.31 &.93 7&.0 &I.& 0.0 11.08 200.1 3.41 3.~& &.bl 

' 8.14 7.12 71.2 ~b.6 2.9 11.14 201.6 3.~4 1.4b b.b3 
uoo 8.6-.! 7.60 72.2 64.3 9.8 10.23 184.& 3.68 4.41 ~.bl 

1 1.88 &.73 7&.7 62.2 0.& 7.74 16:!.1 3.6~ 3.06 1.11 

• 8.b:l &.25 79.3 ~3.2 - 2.8 7.31 164.3 3.~2 2.19 u~ 

' tO.O'l 6.4& 72.8 5~.1 - 3.3 8.29 170.2 3.~3 3.01 4.81 
4 10.06 7.'1'2 82.2 &1.6 - 4.6 9.09 182.~ 3.[>7 3.14 us 
$ 10.88 7.47 82.3 ~3.0 - 0.6 10.16 199.1 3.b7 2.8~ ~.10 

• I'<!.'J9 8.76 88.0 58.2 3.8 10.90 l98.f> 3.63 4.04 U9 , I'I.KM 9.63 89.2 61.0 6.3 10.40 I H2.1 3.7~ ~.12 ~.69 
~ 11.81 8.03 87.0 60.6 - 2.3 8.92 178.1 3.80 3.~2 S.OI 
9 t ~.6t 8.10 90.6 ;~.7 - 2.1 9.H 189.3 3.70 2.87 4.99 

10 14.79 9.88 89.1 ~u - 2.2 10.09 200.8 3.76 3.~1 5.02 
1 1~.01 10.13 97.1 ~7.1 -2.5 10.40 201.9 3.79 3.~4 b. I~ 

' 17.8& 11.82 96.3 60.6 4.1 11.06 200.9 3.91 4.22 ~.bl 
I 19.31 100.0 - 1.0 10.47 192.9 4.09 4.98 &.13 

l\'olt-1 and .ourr.ta: 
('l) Slatitfiarhr• llondbtcch fiir dlU Df'ulache Rtieh (1907) and British Iron and Steel Ftdtrati~n. 
(:1) PhHrun produ<'tion + Df't Imports of Iron and steel and their products +steel production 

- consumption of pill-iron for stee-l production. 
(o\) lusutul fOr KonJunkturtorschung, Vitortf'ljahnsheOe zur Konjunkturtorschllng, Sonderbrrt 

No. :H. 
(5) Avt"ravl" J•rlf'f' of ptg-lron produced. Slatisliache• Handbuch fUr das Deutsche Reich ( 1901); 

·"tahJtfiat'hf"t J,ahrbut'll. 
(!l) Ot•nt>ra_llndt>X of wholf'sale prl~f"s- % lndt>J: of wages, both In %deviations from trt'~d. 

ln!l.lllut .rur KtiiiJUUklurforsdlUn~, ~ atrlrljahrrsht/le :rur Konjunlllurjor1chung, Sonderbeft 37, 
and J. K_tJCZVSI!Itl_: LMne und t.:rndhrungslwstna in Deutschland. , 

(7) 't>arly dlndt>nd!t. In '\.. lnstllul fur Konjunk.turtorscbung Vierteljahresht>/te :rur 1\0fl• 
jun*turjorlif"l&ung, ~nndt"rht•ft No. 36. ' 

(N) lndt•X of share prh."t"S in % of nominal value. Ibid. 
(9) Yh·ld on llud intt"rt"St·bearina securities. Ibid. 

(hi) ~larkt•t rate of disrount. lb1d. 
(II) llh·ldt>nd~ paid In % of share prl('f'S, Ibid. . 
(I'!) Net ,IIH'rPas.f' In numbt>r o~ ro_oms (LnkalltAtt'n) In Hamburg. Instltut fiir KonJunktur­

fnn-rliuru~. \ lrrlt>IJnllrt>~hr!te :ur• 1\on}ttnhlur/ursdnmg, Sonderhefl l7. 
(l.i) r--;umbt>r or rooms vat•:mt as % or total. lb1d. · 
(U) \"t'arly avenge rt'nl pt>r room of OCCU(IIt"d houses. Ibid. 



BUILDING RAILWATS I 
!lei Inde-x of Ratf' or 

l 
= 

Increase Rf'nt or lntert>st Proftta~ lndf'~ or ·~ price or Invest- i·~ In num- Vacan- occu- building ol billty ntt"nt lncrt>ase Profit 
ber or cies ph•d mort- ol In rate t~ 

rooms tn houses mate- galle building Index tratnc c-

Hamburg 
rial a banks ~Q 

-

} Marks 1913 ! 
000'8 % per = 100 % % % % % c 

room ;, 

(12) (13) (14) (15) (16) (17) (18) (19) (20) (I) 

9.30 7.93 6.16 11170 
9.05 I R.99 &.9\ I 

17.01 17.33 5.98 ' 15.63 19.08 &.21 3 
12.87 2.14 4.71 4 
6.43 2.71 4.68 s 
3.38 3.07 4.45 6 

612 107 4.58 1.39 1.55 1.16 4:16 7 
5.00 5.78 593 96 4.57 1.57 2.40 1.36 4:.?!) • 
1.18 6.50 585 90 4.40 1.78 1.97 4.48 4.'.?8 • 
3.59 6.85 580 86 4.28 1.93 0.83 5.99 4.4\ •• 
3.18 7.07 572 82 4.00 2.14 1.76 5.50 4.54 I 
2.89 6.92 573 82 4.00 2.16 3.13 7.H 4.80 ' 0.19 4.91 575 87 4.00 2.07 3.21 4.88 4.61 3 
0.35 3.46 587 93 4.00 1.99 2.46 3.07 4.60 4 
0.31 2.71 596 93 3.86 1.89 2.35 O.'.!!'J 4.42 s 
0.~8 2.&0 615 97 3.50 2.22 1.41 3.81 4.66 8 
2.62 2.38 632 104 3.79 1.99 1.48 '7.2, 5.17 7 
1.88 2.82 660 103 3.68 2.38 2.78 8.37 5.40 • 7.61 3.H 677 112 3.50 2.48 3.80 8.70 5.60 • 9.02 4.64 676 100 3.73 2.63 4.73 4.65 4.86 ,. 
6.92 5.86 681 92 4.00 2.74 4.15 4.0f> 4.49 I 
7.08 8.38 687 85 3.99 3.03 4.25 O.f>7 4.f>6 ' 6.23 9.01 664 79 3.93 3.01 2.08 5.89 5.03 I 
4.37 9.00 6[>0 ·77 3.63 3.13 1.83 1.23 4.98 I 
3.16 7.98 643 78 3.50 3.07 2.59 7.18 5.74 s . Ul 6.37 637 81 3.50 2.91 3.14 6.88 6.15 • 
2.20 4.f>3 637 93 3.50 . 2.57 3.8f> 7.36 6.21 . 7 
2.42 3.[>1 6:!9 102 3.58 2.28 4.90 8.10 6.06 • 3.35 2.97 643 103 3.94 2.04 4.00 6.90 6.12 • 
3.93 2.51 650 107 4.00 1.94 4:H 6.13 5.91 1900 
Ul 2.15 665 98 4.00 2.38 3.06 -2.01 5.14 I 
4.29 2.72 676 98 3.98 2.51 2.42 3.46 uo ' 7.40 3.54 681 101 3.78 2.61 1.91 7.31 5.95 J 

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.fl4 6.29 6 
10.:18 5.32 694 106 3.94 2.48 4.75 8.'18 6.35 • 8.60 4.65 705 103 4.02 2.64 6.42 6.H 5.60 7 
8.03 4.56 714 97 4.02 2.9'! 5.82 -0.33 4.51 ' 8.85 4.82 709 104 4.00 2.67 4.06 6.77 5.09 ' 1!.:!9 6.87 717 97 4.00 2.97 3.17 6. 21) 5.74 10 

10.85 7.21 724 97 4.00 3.04 3.74 8.94 6.41 I 
12.16 7.16 737 I 04 4.03 2.94 4.05 6.37 8.'.?9 r 
6.18 6.02 747 100 4.11 3.12 5.2·2 2.58 &.70 J 

(IS.) Index Or price of bulldinK materials. Instltut fUr KonjuniEturforM'hung. Vin"ttljahruht/le 
:ur Konjunklurforachuna. Sonderhert 37. . 
r (16) Averaae- intrrest rate on nf'w Issues of Gf'rman mortaa&"t" banks. Institut ror Konjunktur­
orschun&". V!erleljahruht:/Ce zur Konjunltturforachung, Sonderhrrt t 7. 

117) Prontablllty ~ m,- (0.65 q• + 0.35)(0.007 rn,.b + 0.02) 
where m, =rent Index, In%, 1913 = 8. 

4a =index or cost of building materials, t9t3 =:s too. 
"'t.b = Interest on mortgage banks new llluea. 

(18) % inCI'f'ase in the number or locomotlvf'l. pa.s.sf'nstn ears and trrltrbt ~an. with the 
~~~ weights t. t. &. Original data from ~laH.sh«h.el Handbuch ( 1101) and Stat••hecha 

U9) % lnC!ease -in number of passf'naers and tonnaa-e of Roods curlf"d one mil~. with the 
,...J Pf'Ctlve We&gbts t and 2. Original data from StohaiiKhn Handbw:h ( 1901) and SlahahKha 

o.hrbuch. 

S 
(~0) St>t opPratlng Income In % of capital tnl"l"StPd. SlatiAi«h~• Handbuda (11117 J and 

laCutiachu Jahrbucll. 
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UNITED ITATEI or AMERICA - PRE-WAR 

I Pro-raoi' RAILWAYS Fll'U.XCI: 

~-~ ! PIR-Iron 
Railway Index of Long- Short-

Price of Building Invest· Pront Stock term term - j! pro- ment Increase rate prices Interest interest pi1Hron volume In tralllc ~- ductton Index rate rate QQ 

!I { 000'1 'per 1913 - % % % • % % = toni ton 100 

"' 
(I) (~) (3) (4) (b) (6) (7) (8) (9) (I 0) 

U77 ?,067 18.9 19 39.2 b.2 
8 2,301 . 17.7 17 42.1 4.8 • 2,742 21.7 19 44.4 b.l 

53.9 5.2 ,. 3,8:16 28.5 22 
66.7 b.2 J 4,144 25.2 27 

' 4,6'l:t 2b.8 33 60.8 5.7 
~ 4,596 2~.4 39 65.9 6.6 
I 4,1198 19.8 u 46.2 &.2 

' 4,tJU 18.0 47 48.0 u • &,6H:J 18.7 bl 65.9 4.8 
7 6,417 20.9 47 66.8 b.8 

' 6,490 IH.9 46 • 64.2 4.9 • 7,6114 17.8 63 61.2 u •• 9,203 18.4 75 4.65 57.7 5.04 5.7 
J 8.2HO 17.5 76 3.90 4.60 53.6 5.17 6.4 

' 9,157 I b.8 84 9.70 4.U 65.4 4.95 4.1 
I 7,126 IU 55 6.17 4.42 53.0 6.08 6.6 
4 6,657 12.7 55 -10.52 3.80 49.4 4.90 3.0 • 9,146 13.1 73 -0.23 0.89 3.81 51.8 U7 3.7 • 8,613 13.0 60 1.43 10.65 3.84 44.8 4.83 5.8 , 9,653 12.1 67 0.27 - 1.66 3.93 45.2 4.66 3.5 • 11.774 11.7 . 58 1.41 17.22 4.39 5'1.2 4.49 3.8 • t3,62t 19.4 70 2.65 8.57 4.95 71.0 4.23 4.2 1900 I3,7H9 20.0 46 4.23 13.36 5.13 61.2 U5 4.~ J 16,818 I 5.9 66 6.06 4.95 6.43 69.6 4.07 u 
' 17,821 22.2 69 4.76 8.b8 b.63 65.1 4.06 u I 18,0119 19.9 71 6.31 9.16 5.72 bb.8 4.24 b.b I 16,497 16.6 80 3.H 1.76 5.38 . 54.2 4.23 4.2 

' 2t,99'l 17.9 106 2.70 7.28 b.bl 7U 4.06 4.4 

' 25,:1117 21.0 109 6.02 13.28 5.90 93.9 us b.1 , 25,7HI 23.9 98 7.41 9.73 5.95 76.2 4.51 u 
' 16,9:16 17.7 89 4.74 - 4.55 Ul 74.7 4.55 4.3 • 2S,7PS 17.8 tt~ -0.02 0.17 b.22 92.2 4.33 4.0 10 21 ,:Hl4 17.4 109 3.03 15.19 b.53 81.9 4.44 6.0 J 2:1,6~0 15.7 104 3.64 o.ao 4.77 82.3 4.43 4.0 ' 29,7·n 16.8 108 1.46 2.99 4.55 88.4 4.46 4.7 ' 30,966 17.1 too 3.03 11.69 4.86 79.5 4.64 6.6 

Norea and Source•. 

('2) Production or piR-Iron and ferro-alloys. British Iron and steel Federation: Stati•tia at the 
Jron and Steel lndustriea. 

(3) Prlr:e or No. t foundry pig-Iron at Philadelphia. U.S.A. SlaliaticaJ Ab$tract. 
(4) W. H. NEWMAN: 'J'he Buddmg lnduarrv and Busineas Cvde•. Chicago, t93&. 
(!J) Per Cf'nt lncrtase In the number or locomotives, passenger can and rreight can, with the 

rt'flpf'rttve weights 2, t and 4. Original data from the U.S.A. Stahstical Abstract. 
(6) Per c~nt lnc~ase In number or pa.qgengers carried one mile and weight or freight earrl~ ~me1 mll~. With the respective weights t and 3. Original data from the U.S.A. Stahst1ca Abstrart. 
(7) Net raHway operating Income In per cent of total railway Investment. Original data on net 

tralllc urnlngs, nE"t revtnue and Income or net railway operating income and on railroad 
Investment or capltallsaUon rrom the U.S.A. Statistical Abstract•. 1904, 1110 and 1924. 
1'he original seril'B have been adjusted before being linked up. 

(8) A\•traxt prlee of Industrial stocks. Rwvtew of Ecohomlc .Statiahca 1111 and 1911. 
(9) t8Y0-1899: '\'it"ld on ten American Railroad bonds. Rtview of Economic Statistics, 1919; 

t9UO-t9t3: \'lf'ld on sixty boud Issues eomblnt>d. Standard StatlaUca Co. 
(tO) Markt>t rat~ on 60-9~ay paper. I. Jo.'J&Ksa: 1·h• Theorv oJlntn~••· 
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FRANCE- PRE-WAR 

I 

I. 
PIO-IIlOM RA.JLWAYIJ FIICAJ'(CS 

= o• Consumy- Railway -~ I Produ~ PriCe JndPX O( Index or -- lndrx or 
0.~ tion o Invest .. ProUt 
-~ t~o~ or of lnCTease share bond t• Iron and mPnt rate ·- ptg-tron steel plg·lron Index In traruc prices prlcca 
~0 
Q 

• - OOO's . 000'1 :'francs 1901-10 1901-10 

= tons tons per ton % % % -tOO -too p 

(I) (2) (3) ,I (4) (b) (6) (7) (8) (9) . 
1810 1,178 t,2t2 92 3.7 -9.0 4.40 S9 67 

1 860 836 98 3.8 8.3 &.20 77 && 

' 1,218 l,t 62 121 8.2 t9.4 4.84 8t &6 
a 1,382 t,3H 137 u 4.4 4.67 8& &8 
4 1,416 1,380 119 4.2 - 1.1 4.44 8& 62 

' 1,448 1,488 108 1.9 u 4.6& 94 66 

• 1,435 1.&19 98 0.8 2.8 4.59 92 70 
1 1,507 1,641 95 4.6 - 1.7 4.29 9& 72 

' 1,521 1,663 88 3.7 9.8 4.52 99 77 , 1,400 1,527 85 1.9 - 0.1 4.33 102 8•! 
10 t,725 1,872 93 3.2 13.5 4.80 113 86 

1 1,886 2,244 91 7.4 5.8 4.82 125 87 

' 2,039 . 2,&90 91 7.8 3.8 4.H IH ., 
I 2,069 2,&20 81 &.2 3.0 4.08 102 81 
4 1,872 2,11 I 7& 3.8 - 4.0 3.61 96 79 

' 1,631 1,744 62 2.4 -2.7 3 36 88 82 

' t,5t 7 1,&59 && 1.6 -2.0 3.27 86 84 
1 1,568 1,4H &1 1.0 t·l 3 38 87 83 

' 1,683 1,651 &7 1.0 .8 3.40 92 84 
9 1,734 1,506 61 1.2 I 1.1 3.61 97 87 

90 1,962 1,723 70 0.9 0 3.50 104 94 
I 1,897 1,827 65 1.2 . u 3.42 103 97 
I 2,057 2,043 61 1.6 4.3 3.t6 98 too 
I 2,003 2,014 58 1.0 u 3.to 96 too 
4 2,069 2,052 57 1.1 2.4 3.23 94 103 

' 2,003 1,868 && 0.8 3.3 3.40 92 104 

' 2,339 2,103 56 0.6 3.4 3.57 93 104 
1 2,484 2.367 &8 0.6 3.& 3.69 102 til$ 

' 2,525 2,37& 63 0.6 5.8 3.86 ItO filS> , 2,578 2,&42 72 u u 3.93 113 t03 
1900 2,714 2,908 82 3.1 9.1 3.86 109 tOJ 

I 2,389 2,362 70 3.0 - 5.1 3.52 96 102 

' 2,405. 2,067 68 1.1 ' 1.2 3.67 89 t03 
I 2,841 2,489 64 1.0 1.8 3.82 89 100 
4 2,974 2,561 65 1.1 1.1 3.93 90 99 
I 3,077 2,637 68 -0.1 5.3 4.03 lOt 101 

' 3,314 2,983 80 0.7 4.5 4.t6 to5 IUO 
1 3,590 3,075 87 3.6 5.8 3.97 105 97 
8 3,401 2,925 82 4.9 u 3.86 tot 98 , 3,574 3,1&2 82 1.9 2.8 3.89 108 100 

10 4,038 3,7t5 78 1.8 32 3.84 116 tOO 
1 4,470 4,278 76 3.6 5.1 3.12 121 98 

' 4,939 4,649 3.6 5.3 3.82 130 94 

' 5,207 4,817 4.5 5.3 3.91 127 8g 

!Voles and Soun:oo. 
(2) An11uaire aratislique de la Fra11ce. 
(3) Pig-iron production + net Imports of phZ"-Iron, Iron and sterl and manufacture~~ 

lhereot. Data from Annuaire statUhque de la .France and lnstltut de Rechercbea tcono­
rniquea de l'UniversJt~ de Paris. 

(\) Averagf' price per ton Of pig-Iron produced. AYinuaire atati8tiquf' M fa Fro:nu . 
.. (~) % increase in number of locomotives and of pa.ssenli(er and treigbt cars, weighted 
uJ t and 3 respectively. OrhZ"Inal data from Annuaare ttati•hqt&e de Ia Franu. 
l (6) % lncl'f'ase in pa88f"Da't"rs· carried one km. and goods carried one km., weighted ltJ 
• and ~ respf'<"tlvely. Original data from Annuaire •tattatique de Ia Frana. . 

(7) Net receipts pr.r tm. of Uoe divided by cost of construction of one km. Annuoarc 
ltohsUque dt Ia Fraftct. 
, (8) Index or price or vartablelnterest-beartng securities. Bulldin de 14 SI41Utiqu< flhljrole 
:.ae Ia France, U19!t9. 

(9) Index of price of 3% •rente •. Bulklin tU lei Slal:istiqtu ~lefU Ia Fran« 11111%11. 
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IWEDEK- PRE·WAR 

BUILDING 

$1! [Number Cost or Long· Pront- Total Cost Real 0. t: or Vacan- Rent CODA- t~rm ability assessed of Income-l ~ roomo cte1 Index tructlon Interest of income living earnrd '0 buUL Index rate building index 

:1 { 1861·70 1861-70 % % million 1861-70 to• kr. ;; 000'1 % - 100 . c:a 100 kr .. = 100 1861-70 ;;> 

(I) (2) (3) (I) (5) (6) (7) (8) (9) (I 0) 

1880 &.3 107 5.8 286 
l 7.6 107 5.8 304 

' 9.4 3.0 108 ' 5.7 318 106 .31 
I 8.0 8.6 112 112 5.7 2.2& 332 105 ·.at 
4 10.5 4.2 116 112 5.7 2.58 33~ tor .35 
6 10.8 1.8 118 .. ItO 5.6 2.93 349 96 .36 • 6.8 5.1 112 108 5.6 2.56 345 92 .38 , 6.1 6.2 105 105 5.1 2.33 350 88 .II 

' 6.3 5.1 tOO 109 5.1 1.92 355 91 .42 

' 5.4 3.9 95 109 4.9 1.68 381 96 .43 
10 7.6 8.& 95 112 4.7 1.60 Ill 98 .43 

l 1.2 5.1 94 109 1.8 1.67 118 . I 01 .43 

' 1.7 5.0 93 107 4.9 1.62 425 99 .43 

' 0.9 3.5 93 106 4.8 1.68 4.~2 95 .47 
4 2.5 1.6 95 tOO 4.8 2.24 448 90 .52 • 4.0 1.6 tOO 114 4.6 2.04 465 92 .54 • 6.3 0.8 107 '117 4.5 2.H 495 91 .59 , u 1.2 107 I I 9 u 2.52 538 94 .64 • 8.2 0.8 120 i'l4 4.4 3.30 601 98 .67 • 7 .I I 1.8 135 131 4.8 3.79 660 103 '.70 

1900 1.2 I. I 138 125 . 5.1 1.08 716 I 04 ,73 
I 1.3 1.8 I !18 115 5.3 4.47 764 101 .76 

' &.3 1.1 U2 117 5.1 U3 765 102 . .81 

' 9.9 2.8 135 136 4.9 3.46 831 104 .87 
4 12.2 u 1:19 127 1.9 4.23 895 103 .91 . • 8.6 2.3 Ill 138 1.9 3.79 944 105 .97 
' 11.1 1.0 145 139 5.0 3.91 1,017 107 1.07 , 11.0 1.0 160 155 5.3 8.95 1,145 113 1.11 
' 7.0 1.8 175 145 5.5 5.53 1,245 114 1.11 • 8.7 u 176 148 5.1 5.46 1,268 113 1.11 10 7.8 2.1 169 151 5.2 5.00 1,254 113 1.28 I u 2.1 166 141 5.1 5.25 I,U6 112 1.36 I 8.9 2.0 172 160 5.0 1.95 1,519 119 1.39 
' 12.1 8.8 169 160 5.1 5.10 1,655 119 

No~e• cmd SoW'elc. 

(t) Total number ofnf'Wly built rooms or klt<'hens In Stockholm. SrahtUcal Abstract for Slodtholm. 
Slnl't" 1906, adjustPd tor eharure In scope. 

(3) Nu!nbPr of rooms vacant on llt'<'-emhP.r 31st as a percentage or total.- Slalistical Abstracl /or 
.Storltholm; I !Ul3~7: esllmatt'd, 

(4) and (!I) Mvan.u. 'The Coal of Ltt~ing in Swedm 18JD~I9JD.' ' 
(6) Jnten>.st rate or Swedish savinp banks. LrNhAHL: NaUonal Income of Swedm I85l-J93D. 
(7) ProiUabUlty - m.- (U.U07q•mlb + 0.02t~a) ~herem.-= rent in% (1861-70 = 8); '-..,.indeX 

or constructtoo coata. 1861-70 = IOO:~nt.b -long-term Interest rate. 
(It) ASSPMt'd lncom~ from capital and wages. Swrig~tt StaliaCiaJt .AraboJt 
(9) MYftllAL: loc. cit - • 

(tO) Allt'88ed lntomt' or followlnc year, dtvldt4 by cost-of-living ln~ex~··· · 
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SWEDEN - POST·WAR 

BUILDING 

''I ROO~ DwpJ .. Con- Con- Savlnn Profit- Pront-
o:;: built linn Rent a true- struc- banks abiHty ability Rf'al 
1i ~ tn 296 built In index tlon tion Interest or n! ln("nme 

~...., cities Stock-. costs (i) costs (ji) rate building building earned 
Qc • holm 

(I) (Ill 

!l { I. VII. 1913 1914 to' Kr. 
= ooo•s ooo·s 1914 ~ 100 ~ 100 % % % 
;J = 100 191\ 

(I) (2) (3) (4) (&) (6) (7) (8) (9) (I 0) 

zgu 169 211 210 &.2 1.6 1.7 2.6& 

• 10.0 2.8 180 216 230 &.& 1.8 0.9 '1.18 
I 12.3 1.2 186 219 23& &.6 2.0 1.0 '!,R'l 

• 13.& 6.1 188 210 23& &.& 2.4 I ., 2.96 
1 13.9 6.6 196 213 232 &.4 3.3 2.3 3.07 

' 46.7 6.0 199 210 232 &.& 3.6 2.1 3.10 

' 46.4 &.6 200 209 232 &.& 3.7 2.& 3.:H 
ao &9.& 8.1 204 208 232. &.2 1.& 3.3 3.'18 

1 &9.3 7.7 206 . 201 232 &.2 &.2 3.& 3.:16 

' &2.7 6.9 206 • 194 2'.!8 &.3 u 3.1 3.1•! 
a 40.2 3.7 203 192 221 1.7 6.~ 4.6 3.10 

• &1.2 3.0 202 191 217 4.4 6.6 &.2 3.:<9 
6 76.7 &.8 199 193 217 3.9 6.7 &.7 3.70 

• 86.9 6.9 197 193 (3.[>) (3.90) 

Note. and sources. 

(2) Gross increa~e tn number of rooms or kltchPns In 296 C'itirs. LtNDAHr.: Th~ Nalitmal lnromr 
of Sweden, Part n-and Sociala Meddelandm, No.7. 1937-AdjuAtmenta have been made 
be<':ause the number or cities varied "li~htly. 

(3) Number of dwellin~n~ built by private enterprise only. Stockholm Stad•koUegitt• uUdtandm 
och memorial-Bihang, No. lOA, 193!).- Sociato Meddtlandm, HIJ7. 

(U Index. entering into the cost·or-livtng lndt>:t. Statisti311: A
11

1'sboll (61' Svt"1'iqe. 
(5) Index or construction costs. Svenska Handelabanken: lndf'll:, St>-e notr (a) on page 97. 
(6) Index of construction costs- in Stockholm. Slali•H311: ArsbM ftJr Stodtholm.~ SkJd. 
(7) Svenska sparbank rorenlmten. Statilllislt Arsbolt /ffr S"eriae. 
(8) ProntabiHty = m..- (0.007 q

8
mLb + 0.02q8 ) where ma =rent Index in %. 19141 - 8; fa­

Index or construction costs (1), 1913-= tOO; m..r, = tong·terrn tntrrest rate. 
(9) Ao (8), but with Index of construction costa (II). 

(lO) Total assesstd income or following year divided by cost-of-living lode•. Sla&itti.M Artbolr 
/Or S"eriQe. . 
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UNrrED STATES 

I Pro-raoK RUlLDING 

" Res I- Res I-
Profit a-.2~ Kuzneta' dentlal denllal 

~.- ~~- invest- Prt~e of COOl- cons- Rent Building bility Stock of .... produc-- Index costs or bouRes ~~ numt · phc-lrou true- true-tlon Index tlon tlon building 
QQ (I) (II) 

~ 
{ 10

1 
ton• 

1 o• 1 1 per to• • to• oq. 1913 1923-25 
% OOO,OOO's c 19~9 ton teet - 100 - 100 ., 

(I) (2) (3) (4) (5) (6) (7) (8) (9) (I 0) 

1911 39.1 36.7 104.7 89.2 -0.15 20.5 

• :u.o t2.3 31.1 288 114.2 93.5 0.08 20.7 ,. :16.9 12.1 44.5 1122 164 134.9 I 18.5 -1.28 20.9 
l 16.7 9.':! . 25.3 1841 244 I 59.0 95.1 2.46 2t.2 
J ~7.2 10.9 . 27.6 3tl5 370 160.9 82.3 1.40. 21.6 
3 10.1 14.2 29.0 3980 422 16H 100.9 3.05 '2'."!.0 
~ 31.1 14.1 • 2;1.3 4'!44 642 168.0 101.6 3.46 '2'2.:; 
& 36.7 I 5.1 22.3 4754 560 167.4 97.5 3.84 23.1 • 39 ' 16.9 21.3 4311 521 165.4 98.1 3.78 23.7 
T <16.6 16.2 20.1. 40M 495 162.1 97.3 3.76 24.2 
I 38.2 16.7 19.2 3813 568 I 57.6 97.5 3.45 24.8 
p 42.6 18.4 20.5 26'13 388 • 153.7 97.6 2.96 25.2 

JO 31.8 , I 5.1 20.3 141>6 ' 230 149.6 95.7 3.02 '25 .4 
l 18.1 IU · 18.7 1005 190 142.0 85.5 3.09 25.6 
J 8.8 7.9 17.1 282 74 127.8 74.0 2.11 25.7 

' I 3.3· 7.7 18.3 201 73 108.8 80.3 0.52 25.8 
I 16.1 . 20.5 . 211 61 IOU 93.4 -0.14 25.9 
8 21.1 21.0 585 135 102.1 92.0 0.38 26.0 
d 30.6 22.0 1202 2'!2 104,6 97.3 
T 36,6 25.8 1278 236 tto.o 109.5 

Nolet and aourut. 

(2) Production of pta-Iron ·and ferro-alloys. Statialical Ab1trad o/ the Vnited StGtea and 
Surceu o/ Currmt Bwineu, Department of Commerce. 

(:i) Flow of producrrs' durable oommodtties to enterprises + now or consumers" durable 
commodltlt•a to households and entt>rprist'S. . . · 

(o\) Price or Ueossf'mrr pig-Iron at Pittsburgh. SlatiaticaJ Abatracl. 
(~) Valut or total nrw non-farm rt>sidt'ntlal bulldin~. National Bun•au of Economic Research 

BuU<!'hn No. 6~. 1'o obtain an Index or volume this aeries bas to be deflated by construction costs. 
(6) Con!'tructlon contracts awardPd, noor apace of buildinp. Data from DoDGE Co., ln 

Sloflahral A b•trort of the Un1ttd Slolel. · 
(7) Index or the Bureau or Labor statistics. Figures for June of each year. · 
(8) Jndu or construction costa of the Engineer-in" NNe Rtcord. Stati1tical Abstract. 
(9) l'roOtablllt)' - m•- (0.007q8 m,_b + 0.02q0 ) 

·where ma - rent Index In %, average t 901-35 .... 8. 
q• -Index of construction coste, t90t-3&- tOO. 
mLb - long-term Interest rate. 

(tO) Estlmatrd number or bousee at end of year based on census data and yearly volume of 
~~- . 
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1ST· WAR 

PaooucTIOl"'', Patczs, Fuu.Mc& 

Pro- Index Urhan I . .Cost~ Corpo- Index Lone- Short- e• 
llction ol non- -· rcon- whole- or- rations wor- Capital Pront or trrm tt-rm Share C.i: 
ImPrs' sale liYing net ken• gains margin ltot.'k intf'rrMt lntf"r"t yield '5 ~ 
roods priCt"S Index income Income price& rate rate :-Q~ 
----- --------- ------ --- ---
to• • 19~6 t9'23 to• • to• • to• ~ 19H 1928 } • 1929 = 100 =too =too =too % % % = i ;;., 

(II) (12) (13) (II) (I~) ( 16) (17) (18) ( 19) (20) (21) (I) 

~3 12~.0 94.2 7.67 ~6.6 ~.43 8.0 11.9 19U 
~I 134.4 102.3 8.42 IU 1.2 126.4 72.8 u• ~.6 9.0 ' ~0 157.7 118.2 5 87 1[>.9 1.1 U0.2 66.1 6.1·~ 7.5 9.1 tO 
43 111.0 102.3 0.46 H>.O 0.5 116.4 51.6 5.97 6.8 9.6 I 
5:! 9U 97.4 4.77 16.4 1.3 110.6 64.7 5.10 u 6.9 ' 59 10'1.0 100.0 6.31 11.9 u 107.8 66.6 5.12 5.0 8.1 ' 59 99.6 101.3 5.36 18.7 2.0 106.4 69.6 ~.00 3.9 7.7 ' 61 10'1.9 103.7 7.62 19.9 4.6 Ill. 2 88.4 4.88 4.0 7.3 ' 65 103.2 104.3 7.50 20.2 3.6 110.4 100.0 4.73 u 7.3 f 
66 96.5 102.0 6.f>l 20.9 4.4 105.8 118.5 4.57 4.0 6.4 7 
70 96.4 100.6 8.23 22.1 7.8 103.0 154.3 4.;; 4.9 f>.l ' 14 9[>.9 100.1 8.74 23.7 6.~ 100.0 189.4 4.H 5.8 4.8 ' 66 92.[> 96.7 l.fi~ 22.4 - 3.5 93.2 140.6 4.55 3.9 [>.2 ,. 
61 78.2 87.2 -3.29 19.5 -10.4 78.2 87.4 4.58 2.6 6.1 I 
~6 67.3 77.9 -5.64 15.7 - &.7 69.6 46.5 5.01 2.8 8.0 ' 61.0 74.9 -2.55 H.8 6~.6 ft5.7 4.49 1.7 5.1 I 

72.2 79.4 81.1 4.00 t.O ' 78.8 82.6 90.8 3.60 0.8 ' 80.6 84.8 3.'!4 • 85.9 88.5 3.28 , 

(tt) Estimates based on data from W.a.BBURTOM, Journal of lhe Amt'riccm ScatUhtaJ A"~ 
a!ion. Vol. 30. 
(1'2) Index number of the Bureau of Labor Statistic.~. Figures tor January or each year. 
(t3) National Industrial Conference Board. ' 
(14) Corporations• net Income minus deOclt. Sk&li•tical Abatmct o.nd Stafi.Jtia o/ Income. 
(t~) Estimates basf'd on data from S. Kuz!lfsTS: Notional Income, l911-19JS, National 
ureau of Economic Research, Bulletin No. 66. 
(t6) Estimates based on data from WA.B.BUB.TOK, Journal of Politic'o.l Economv, vol. 43. 
(t7) Index of cost of living- st index of hourly earnings. National Industrial Conference 

oard. 
(18) Index ol Standard Statlstlca Co. for Industrial stocks. 
(t9) Yield or sixty bonds combined, Standard Stati•hct. 1936 and 1937: estimates on tbe 

uta or forty-five bonds. 
(20) Market rate, 4-6 months commercial paper. I. FIBRE&, The TMorv of lnterut and League 

t N a tiona Monthlv BuUttin o/ Stah•hca. 
('ll) Cash dividends In % of tota1 caplta1 stock. Stoti•tiee of lncmnt'. Up to U'l3, capital 

;ock bas been estimated oo. the basis or new corporate iesues and Index of atock prtce.. But for 
slight difference or trt>nd. the movf'ments of the series or share ylf'ld thua calculated are bl.irhly 
>rrelattd witb those or the series published since t926 bf the Standard SlaUsUca Co •• New \ork. 
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UNITED KINGDOM 

I· 
. 

Pro-rao!f .- lltiiLDil'fG 

. ' 
De~~crlptlon Number { Pia-Iron Pig-Iron Price of ot houses Rent Index or acrlee produ~llon consumptJon pic-Iron built 

Unllo { to• toni to' tons I. per ton 000'1 VU.t9H=IOO 

(I) .. (2) (3) (4) (5) (6) 

19I9 7.10 5.15 6.85 105 
10 8.03 5.48 10.45 121 

I 2.62 2.42 6.87 148 • 4.90 2.03 1.33 to3 
I 7.U 1.06 5.U 67.3 148 • 7.31 5.19 Ul 69.2 147 
I 8.26 1.83 3.63 66.4 117 • 2.48 • 1.95 1.38 63.9 119 , 7.29 • 1.93 3.65 60.3 tot 

' . 6.61 1.79 3.29 64.7 t5t • 7.59 >.n 3.51 91.7 153 
10 6.19 5.58 3.35 125.1 153 

I 3.77 1.10 2.93 128.4 151 

' 3.57 3.01 2.93 142.0 154 

' 1.11 2.96 3.11 2()7 .9 !56 • 5.97 1.83 3.35 286.1 156 
I 6.42 1.95 3.39. 271.4 157 • 7.69 6.68 3.66 273.2 159 , 

257.1 159 

Notee and Sourcea. 

(2) British Iron and Steel Federation: StaUaHct· of the Iron Clnd Steel Industries. 
(:1) Produttlon minus net exports of Iron and steel and their prodoets. British Iron and 

Sl.r~l Federation and Annual Statemmt oJ the Trade of the UnUed Kingdom. 
• A veraf{e or 19-.!6 and t9'l7. 

(4) Prl<'~ of CltoV("Iand-1illdd1PSbrough pig-Iron. Yearly article by the Editor of the Statist, 
Journal ol tlut Roual Statiahcal Societv. Part 11. 

(~) Number or house~ bunt by private enterprise without State assistance; yean ending 
rullowlna March: Stahthcal Ab.ttracl fw lhe United Kingdom and Annual Report, 
M1nistrv O/ H~allh. 

(8) Rent lndf'X of the cost-ofa1lvln~ Index. Up to 1928, Ogures relatr to controiiE'd rf'nts; 
alnet'! t 929, lo controllt'd and uncontrolled rents combined. lOth A bs~ract of Labour 
.SiatiJhca and Monthlll Labour Gazette. 
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iT· WAR 

BUILDJliUl Ftl(A.l"CB 

Index Of Profttabllity Real tnoome Long· 

} Dnstruction of from Wa¥e& 
Profit term Dl'Scrlptlon 

costs bull ding and salaries rate intert"sl or aerhs 
rate 

1929 = 100 % to• £ t9U % % } Unlll 

(7) (8) (9) · (I 0) (II) (I) 

1~6.9 -2.64 4.62 J911 
142.~ -o.28 1~.2 ~.32 u 
11~.6 2.U 10.3 ft.'.!l J 
103.6 2.55 12.5 7.0 4.42 ' 99.9 2.64 13.6 8.8 4.:11 ' 97.1 2.75 13.6 10.3 4.39 • 97.1 2.79 13.7 10.9 4.44 ' 100.0 2.73 13.0 I 1.3 4.5~ • 100.0 2.79 14.1 10.5 4.56 1 
100.0 2.78 H.2 I 1.1 4.47 ' 96.8 3.05 U.8 10.~ 4.60 ' 95.2 3.25 U.7 9.8 4.48 30 
93.2 3.78 15.2 7.2 4.39 J 
89.5 4.27 16.4 5.8 3.74 ' R8.9 4.47 16.2 6.1 3.39 ' 87.9 4.70 16.7 7.2 3.10 • 88.1 4.77 17.2 8.5 2.89 ' 92.7 17.4 9.7 2.94 • 1 

(7) COLIN CLARK, In"estmml in Fi:ced Capital in G~ol Britain, Special Mrrnorandum 
No. 38, J.ondon & CambridKe Economic Service. This aeries baa been conlinued 
on figu.res obtained from Mr. R. STONE. 

(8) Profitability = ma- (0.007q8 mLb + 0.02q8 ) where m. = rent index. ih '%, 19'.!9 ""' 8; 
q• =index or construction costs, 1929 :2::1: tOO; '"t.b =long-term lntertat rate. 

(9) Income from ·wa!les and salarlf'S according to C. CLARK, JVotionol lnc<nm and QuUav. 
divided by tndex or cost or livilul'. 

(tO) Rallo of proUts or a sample or industrial corporations to their preferred and ordinarr 
capital. . The Economist. 

(1 t) Yl~ld or 2 Ya% Com~ols. Statistical Abstract /or the L"nittd Kingdom and Stali•hcal 
Summaru of the Banlt of England. 
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INDEX 

Acceleration principle, 39, 115, 123, 
126. 

Amortisation, 36, 90, 91. 
Averages, moving, 41, 95, tt 8, 133. 

BARTLETT, M. S., 80 n. 
Beams, in bunch maps, leading, 31, 

33, 140. 
-- ultimate, 33. 
Boer war, 72. 
Bond yield, 38, 45·6, 127. 
Boom, building, 93 n, 108, 131. 
-- stock exchange, 66. 
Building, general, 43, 48, 11. 
-- non·residAntial, H. 
-- residential, 43, 90, sqq. 
-- boom, 93 n, 108, 131. 
-- costs, 90·1. 
-- cycles, 94-5. 
Bunch maps, definition and theory 

or, 30, 31, 138-U. 
-- explosion or, 114. 
-- in investment, general, 86-9. 
----building, 111-H. 
----railways, 128. 
Business cycle, 12. 
-- shock theory or, U, 80. 

Capacity, productive, 20, 35, 38, 39, 
6'•· 126. 

Capital goods, price of ( s..: also Price 
of iron), 36, 41, 44. 

Capital stock, 37. · 
Cuax, C., 72. 
Closed economy, 132. 
Coefficient (see also lables in each 

chapler}, correlation, 18, 20, 24, 
29, 50, 135, 137. 

- regression, 17, 19, 20, 22, 29, 
32, 50, 135. 

---- true, 28, 30, 87. 

Component, erratic, 28. 
-- systematic, 29. 
Confidence, 94. 
-- crisis, 66, 9'. 
Consumption, goods, 39 o, 43, 46, 

60, 61. 
-- or pig-iron, 26, 43, 67. 72·3. 
Correlation, curvilinear, 16, 20, 24. 
-- imperfect, 18, 23. 
-- linear, 16, 19, 20, 22, 77, 136. 
-- multiple, 13, 21, 23, 24, 135·8. 
-- perfect, 16, 19, 20, 22, 29. 
-- serial, 79-80. 
-- simple, H. 
-- collfficient (see auo 1nbka in 

each chapler), 18, 20, 24, 29, 50, 
135, 137. 

-- index, 18. 
Costs, or maintenance, 90. 
-- of production, 76, 132. 
-- of construction, 90-1. 
Cycles, building, 94-5. 
-- endogenous, 41. 
-- length or, 12. 

Deductions, from rorporation re­
ceipts, 76. 

Demand, 34, 62, M, 93. 
· -- curve, 2i, 32, 77, 126. 
-- elasticity or, 27, 65, 126. 
-- potential, 93 n. 
Department stores sales, ;'6. 
Determinants, 139-U, 145. 
Deviation, standard, 23, 28, 30, 33, 

50, 126, H2, 1H. 
Distribution, frequency, 59, 103. 
-- normal, 28, 80. 
Disturbance, 28, 29, 33. 
Do:<NER, 0., 62. 
Durable goods, producers', 43. 
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Durable goods, consumers', 43. 
Dwellings, need for, 93. 

Echo efTect, 40. 
Econometrics, 11, 14. 
Economic theory, 13, 20, 34. 
-- quantitative, 11, 13. 
Economist, rOle or the, 12. 
Elasticity, of demand, 27, 65, 126. 
- of supply, 21, 103. 
Employment, 12, 72. 
Endogenous cycles, 41. 
Equations, normal, 136·7. 
-- regression, 21, 23, 32, 121, 122. 
-- complete system of, 132. 
Equilibrium, 13. 
Erratic component, 28. 
Error, standard, 28, 33, 77, 79, 80, 

141·3. 
-- of measurement, 28. 
-- of sampling, 32, 33, 87, 141,146. 
-- of weighting, 33, 86·7, 143·6. 
Expectations, profit, 34, 35 n, 36. 
-- sales, 37, 94. 
Exports, 43, 62. 
Extrapolation, pig-iron production, 

73. 
-- building, 103. 

Family units, 93 n. 
~"inancing, 36, 38. 
Frstrr.R, 1., 48 n. 
FrsiiER, R.' A., 28, 32, 80, 1U·3~ 
Foreclosure rate, 93. 
FOSTER, R. R., 43. 
France, general investment, 42, H-7, 

65, 67, 68·71, 74-5, 77. 
-- railways, 11 5·30. 
Frequenry distribution, 59, 103. 
-- normal, 28, 80. 
FRrscu, R., 29, 32, 33, u n, 138·41. 

GAUSS, 28. 
o~rmany, general investment, 20, 

42, H-7, 52, 57, 61, 62, 65, 66·71 
72, 74-5, "· 79, 89. ' 

-- building, 95-9, 104·9, ttt. 
-- railways, 115·30. 

fiABERLER, 0., 9, 39 n, 123 n. 
Hamburg, building, 95-9. 

Incentive to build, 90, 109. 
Income, consumers', 12, 32, M, 92, 

109 n. 
-- non-labour, 48, 72. 
-- real, 97, 98, 109 n. 
Influence, 22, 26, 49, 50, 55, 56. 
Intercorrelation, 32, (.7 n, 77. · 
Interest, payments, 90. · 
-- rate of, 36, 38, 41, 45-6, 49 n, 

65, 91, 97, 127. 
- -- long-term, 38, ~5-6, 91, 

92, 115, 127. 
-- -- short-term, 38, 45~6. 
Inventions, 40. 

KooPMANs, T., 32, 33, 80 n, 86, 
143·6.' 

KuzNETS, S., 43, 56, 73 n. 

Lag (set also tableo in each chapter). 
--definition or. 13, 17. 
-- determination of, 17, 25·, 39. 
-- distributed, 48. 
-- in investment, general, 48, 58, 

67. 
-- -- building, 98. 
----railways, 115, 11~ .. 
LAPLACE, 28. ' 
Lead, 17, .72. 
Least squares, method. of, 19, 24, 133. 
Life, of production goods, duration 

or, 40. 
Long waves, 42, 9ft. 

Macro-economic, 1ft. 
Maintenance costs, 90. 
Margin, profit, 36, 41, ft6, 61. 
Marginal profits, 35. 
Measurement, 12, 20, 32. 
Median, 55, 103 .. 
Minors, of determin~nt, 139·ft1, ·145. 
Mortgages, 91. 
Moving averages, 47, 95, 118, 133. 
Multicollinearity, 31, 49, 76. 
Multiplier, 61. 

Need for dwellings, 93. 
Normal distribution, 28, 80. 
- equations, 136-7. 
Normalised units, 30, 137·8, 1H. 



Orders, volume of, 12. 
- of locomoth•es and cars, 116. 

Phases, upward, 42, 49, 7"-5, 76. 
-- downward, 42, 49, 7'•·5, 76. 
Pig-iron, production, 20, 43, 67, 70-1. 
-- consumption, 26, 43, 67, 70-1. 
-- prices, 49 n, 65, 115, 126. 
Policy, 131. 
Prices, general, 12, 37, 41, 47, 61. 
-- capital goods, 36, 41, 45. 
-- iron, 49 n, 65, 115, 126. 
Probability, laws of, 33. 
Production, index of, 76. 
--consumers' goods,39n,fo6,60,61. 
-- period,.48 n. 
-- pig-iron, 20, 43, 67, 70-1. 
Productive capadty, 35, 38, 39, M, 

126. 
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