CHAPTER VIII

BUSINESS CYCLE THEORY FOR AN OPEXN (COUNTRY
APPLICATION TO THE UNITED KINGDOM

VIII 1. THE SETTING OF THE PROBLEM

The economic mechanism of an open country may be described by
a system of relations as given in the first seven chapters, the characteristic
properties of which are their containing four types of mathematical
entities, viz.

(@) constants;

(b) 1internal variables;

(¢c) non-systematic external variables and

(d) systematic external variables, whose meaning and function were
set out 1n chapter I.

The occurrence of systematic external variables is characteristic of
an open country. They are partly — or even, as a limiting case, wholly —
responsible for the systematic movements of the economy. As an example
we may assume exports to show cycles, entailing a cyclic movement in
all divisions of economic life. These movements cannot, as in the case
of a closed economy, be understood by some endogenous mechanism
alone, but only by the interaction of the systematic external variables
and such a mechanism. As to this interaction, there are different problems
which should be clearly distinguished:

(1) what movements will the economy show if no systematic changes
occur abroad;:

(2) what movements will it show if given systematic changes do occur
abroad:

(3) what movements will it show if systematic changes occur abroad
which are in some way parallel to those occurring in the economy studied,
and therefore are not given a prior.

As a rule the solution of the first problem will not give the full
explanation of the business cycle phenomenon, since part of the real
movements must be attributed to movements abroad. Solving the second
problem means explaining the cycles in a country by the cycles in e.g.
its exports which themselves are assumed to be given. The complete
solution of the business cycle problem would only be obtained if the
cycles themselves in these exports were explained. In principle this
would mean considering the world as a whole. It goes without sayimng
that this is impossible for lack of adequate statistics in many countries.

A good approximation can only be obtained in those cases where a
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country with good statistics is almost self-sufficient, as e.g. in the U.S.A.
That is why this country was first analysed by the author1).

Since, however, the United Kingdom might show and presumably
does show a structure differing from that of the United States, it seems
desirable to study the United Kingdom separately. This country, how-
ever, 1s far from self-sufficient and the full explanation of its cyecles
therefore is a problem of type 3 above. In order to give an explanation,
some approximative assumptions about the causes of the systematic
movements of the external variables (exports, raw material prices,
interest rates in other countries, capital exports and income from abroad)
must be made. These assumptions may be said to represent a very rough
analysis of the rest of the world, as far as it is significant for British cycles.
And only if the influence of these assumptions on the results obtained
1s not great can one speak of a specific British type of business cycles.

From the purely logical viewpoint these assumptions reduce to internal
variables the systematic external ones in our system and this is the
only way to obtain a business cycle theory which does not partly explain
the cycles by external cycles. Only such a theory is, however, a genuine
business cycle theory. Calling a “‘complete system of equations’ a system
without systematic external variables, we may call our enlarged system
a quasi-complete system. '

We will now discuss the supplementary assumptions made for this
purpose. '

VIII 2. SUPPLEMENTARY RELATIONS INCLUDED IN ORDER TO
OBTAIN A QUASI-COMPLETE SYSTEM

(i) The relations added to those concerning the internal structure
of the United Kingdom are meant — as has been said before — to express
some sort of parallelism between the course of economic events abroad
and at home. This procedure has been chosen since the general experience
is that in fact cyclic movements have, in the period considered, been
largely parallel in the various countries, and since our aim is to describe
the actual process as accurately as possible. What is somewhat loosely
called “‘parallelism” 1s, however, not so well-defined a notion as it would
seem at first sight. Since an exact statement of our relations, also of
the supplementary ones, is an essential condition for the solution of our
problems, we have to go into some detail here.

Parallelism of cyclic movements may mean that the movements are
at every moment in the same phase,i.e.that the curves have their heights
and troughs at the same time. The term may, however, involve that,
in addition, the amplitudes of the curves are the same — in whatever
units they are measured. We shall not use this interpretation ; in particular
since this more restricted form of parallelism is not always compatible
with other assumptions concerning the economic mechanism involved.

1)  Business Cycles in the U.S., Geneva 1939 (L.eague of Nations).
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In some cases, differences in structure between two countries make it
Impossible for these countries to show parallel movements in the more
restricted sense of the word. An example may illustrate this. The United
Kingdom is, and was in particular in the period studied, a far more
“capitalistic’’ nation than the rest of the world, taken as a whole. The
proportion of its production devoted to investment goods was far greater
than for the rest of the world. Now if there were parallelism in the narrow
‘sense between the production of consumers’ goods in the United Kingdom
and abroad, and also between the production of investment goods in the
United Kingdom and abroad, then there would not be, in all probability,
parallelism in that narrow sense, between incomes in the United Kingdom
and abroad. Fluctuations in investment goods industries are always
comparatively more intense than those in consumers’ goods industries,
and given their greater weight within the English economy, incomes
would fluctuate more in this country. The assumption of parallelism in
the narrower sense may therefore be in contradiction to some of the fundamental
structural data on the economies concerned. Structural differences may
even be such as sometimes to prevent parallelism from existing at all.
An interesting case is that of the gold stock. The fluctuations in the
British gold stock can hardly be parallel to those in the gold stock of

the rest of the world. (Cf. section (iii) ¢, below). So the best thing we can
do 1s to consider each variable separately.

(11) Haternal prices.

(@) The hypothesis made on the short- term interest rate abroad
(m2*), viz. that it is equal to m?, is based on the assumption that this
market shows a high degree of international competition. It is in rough
agreement only with the figures. Since, however, the co-efficient of
m® — m*® in the equation V 2 is very small, the influence of any hypothesis
on Mm% on our system is small and so the question need not occupy us
any further.

() The parallelism between British prices and competing foreign
prices appeared to be far from narrow in various cases. It even seemed
that the differences in their movements were of a systematic nature.
Since the causes of these differences may be complex and their analysis
would lead us too far, we have only replaced those differences by a
function of Z, Z_; and Z_, found by correlation analysis. This means
that they depend somehow on the economic situation. The following
relations are found:

(VI 5)1)  pr— p" — — 0.038Z— 0.013Z_, +0.053Z_,
(VI 7)  — 0.54pi+0.48p = — 0.025 Z_, + 0.025 Z_,
(VI 8) g—gq°=—016Z— 0.13Z_; +0.13Z_,

1)  The relatlons discussed in this chapter have been numbered in accordance
with the order of the relations of chapter VI; they have been given alphabetical
order -
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The coefficients before p* and p” have been chosen in such a way as
to correspond to those obtained in equation (III 3); the left-hand side
of (VI 7) therefore roughly represents one-half of the price difference
for consumers’ goods ready for use. It is clear from (VI 6) and (VI 7)
that the price differences in these two groups of consumers’ goods are
about equal; from (VI 8) we see that the price differences for investment
coods are far greater.

(¢) There remains the necessity to make an assumption on the course
of p?, the price level of imported consumers’ goods, itself. Like all prices,
this price will depend on demand and supply factors. The chief demand
factor probably is world income, which we assume to move parallel to
British incomes represented by Z. The possibility of a lag, together with
the uncertainty about the timing of Z, justifies the introduction of Z_,
as a second variable. The relation found is:

(VI 6) _ Pt = 0.034 Z + 0.084 Z_,

(11) Haxternal value figures.

(@) 'The gold stock abroad Aw” can only be assumed to move parallel
to the British gold stock, if there were reasons to believe that the
production or dishoarding and the hoarding of gold would move exactly
parallel to the imports of gold into and the exports of gold from the
United Kingdom. Gold production, however, has a tendency to move
inversely to the general price level and there is hardly any correlation
between the price level and the imports of gold into the United Kingdom.
It the total world gold stock were constant, or developing slowly, there
would be a tendency toward a negative correlation between Au® and Au'.
Statistically not very much evidence of this tendency either can be detected.
Since, in addition, the coefficient before A% in equation V 6 is only one
tenth of that before Au’, it does not make a great difference as to what we
exactly suppose to be the case. For greater simplicity, Au* has been put
equal to zero, 1.e. is considered as non-systematic.

(b) About capital exports, K¢ several assumptions seem plausible
a priori. Capital exports may be considered as an indication that capital
can be used better in other countries than in the United Kingdom itself.
Now in this country, as well as elsewhere, the “need’ of capital will be
greater in boom periods than in depressions. It will depend on the degree
in which the ‘“boom need” and the ‘“‘depression need’ differ in both
areas, whether capital exports will be greater in boom than in depression
periods. Therefore it 13 impossible to give an « prior: theory here.

The figures show that capital exports are highest in boom periods
or a short time before; anyhow, the relation with the cycle seems fairly
evident (cf. graph III 5). We might, therefore, suppose that K¢ is a
function of the central variable Z (profits). This should not be interpreted
in such a way as to make us assume that capital exports depend on
profits in the United Kingdom only; here Z stands for profits abroad
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also. A further hypothesis on parallelism is thus implied: parallelism
between profits abroad and at home. This parallelism may even be a
lagged one: profits abroad may precede, or follow those at home. This
possibility 1s introduced by assuming K¢ equal to a function of Z, Z_, and

Z_o. The relation found is:

IIIIII

K¢=10267-+0202Z_,— 0397,

which yields a fairly high correlation.
(¢) World trade, T% is assumed to move parallel to British trade.
In the strict sense this would come to equalising 7'* to an expression like:

(X' + Y+ Ut + U + V)

where the expression in brackets represents the total of British imports
and exports. Since it is our purpose — in what follows — to express this
sum in the central variable Z (profits) of our system, we may shorten
this way by expressing at once — by means of correlation calculus —
T% in terms of Z and Z_,. This procedure may also be interpreted as the
combination of two other steps, viz.

(i) assuming parallelism between “world’” trade and “world™ profits,

(1) assuming parallelism between “world” profits and a combination
of Z and Z_,.

The relation found by correlation calculus 1is:

(VI 9) Tv = 0.06 Z +0.04 Z_,

VIII 3. THE ELIMINATION PROCESS

(1) Introductory. The addition of the relations enumerated in the
previous section has now provided us with a quasi-complete system of
relations (summarised in table VIII 31), i.e. a system without systematic
external variables, enabling us to give an explanation of cyclic movements
without recurring to external cycles. In order to find the chief features
of this explanation, we have to perform — as was set out elsewhere —
the elimination process, in order to find the final equation — if one exists.
This elimination process is given in tables VIII 32 and VIII 33. These tables
are self-explanatory, if only account is taken of certain techniques of an
approximative character. The provisional line of attack is to express all
variables in three of them, viz. Z, m* and s, neglecting the variable m?,
the fluctuations of which are very weak and not clearly cyclical. Although
this process is to some extent one of trial and error, and not uniquely
determined, leaving freedom to the investigator, there is some system
in it, which is more or less prescribed by the structure of the equations
(i.e. by the occurrence and the absence of variables in each of the equations).
This is equivalent to the structure of our model and, in as far as this is
a true picture of the real economy, to the structure of the economy;
it is but natural that the course of the elimination process, which, as we
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TABLE VIII 31
United Kingdom, 1870—1914
Summary of elementary equations describing business cycle mechanism

11 1 Av + AM¢ = U® + Ve + 14 — (U + X + Y 4 K9

1L 2 I a=0b -+ c
11 4 ¢c = 0.14 w
II 5 w = u'+ ut — ut
Il 6 v = v + ¢ Wl
II 7 U' = 0.99 %" 4+ 15.3 p
IT 8 U¢ = 0.90 u¢ + 1.80 p*®
IT 9 | U = 1.10 4* + 1.65 p°
II 10 | V' = 0.87v + 1.49 ¢
IT 11 | _ V¢ = 0.86v°+ 1.41q
IT 12 X' = 0.95 x* 4+ 2.01 "
IT 13 Y' = 0.77 4* + 0.59 s
IIr1 - U' =080L + 050Z_; +0.42Z_, + 11.7 p + 0.45 Au’
III 2 | wl = — 0.7 (p¢ — p%) + 0.947T% + 0.18 K¢
1L 3 | ut = 0.10 ' — 0.54 p¢ + 0.48 p’
III 4 v = 0452Z_, +0.31Z_, — 0.73q_, — 6.1 m3 , — 39 mL,
ITI 5 v¢ = 025 K¢ 4+ 2.1T% — 0.88 (g — ¢%*) — 0.27 ¢
III 6 2" = 0.081 u -+ 0.256 u¢ + 0.44 Az’
1T 7 ¥t = 0.14 v + 0.15 Ay?
1V 1 [ = 0.20 q
1V 2 D = 0.23 l"‘i -+ 0.31 7
IV 3 | p* = 0.30 1, + 0.38 7%, + 0.13u%, + 0.04 g, ;4
1V 4 = 0.20/_, 4+ 0.76 s_, + 0.03 v_,
IV 5 r* = 0.121Z + 0.033 Z_,
1V 6 r = 0.068Z -+ 0.070 Z_,
IV 7 s = 045w 4 0.30 v +1 — 0.18 Zo_, (0 +w' = 36/w, ' = 14)
IV 8 w = — 0.029 (v 4+ %
V1 B® = 9.7m?® — 34 mL + 0.65 M
V 2 B? = 0.47 V' 4 3.0 (m* — m®) + 0.28 (U* + X' + Y7
V 3 M = 0.0583 L + 0.056 XZ_, + 0.030 ZZ — 2.3 m*
V 4 M'" = — 3.9m?% + 17TmL + 0.26 M’
V 5 M" — M'"° = 0.18 (U' + V'’ + K — 4.7 m® — 33 mL
V 6 m® = — 0.129 A4 — 0.013 Au¥® 4+ 0.017 K¢
vV 7 n = 0.27Z_, + 0.33 5o, — 28 mL
VI 1 I4 = 0.49 (X' + Y
VI 2 L =08%a 4 6.621
VI 3 | 3Z_4s = U' + V' + K¢ — L — 0.45 du + 4.5¢
VI 4 Ké¢=0.26Z — 0.20Z_, — 0.39Z_,
VI 5 | p¢ — p® = — 0.038Z — 0.013Z_, 4+ 0.053 Z_,
VI 6 I | ' = 0.034Z + 0.084 Z_,
VIT7 | —0.54p"+ 0.48p' = — 0.025Z_, + 0.025 Z_,
VI 8 | g —q¥= —0162Z — 0.13 (Z_; — Z_,)
VI 9 T" = 0.06Z 4 0.04 Z_, '
VI 10 | w = — 5.5 w '
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are aware, means deriving deduced economic laws from the elementary
laws, should reflect the economic structure.

The object of this section is to describe in plain terms the chief results
of the elimination process and the meaning of the deduced laws found.
It is hoped that these laws appeal to non-mathematical readers too;
but if so, 1t should not be forgotten that the plain-term theory could

not have been given without the stern guidance of an exact elimination
process.

(11) The explanation of price fluctuations.

A. The fluctuations in pig iron prices, taken as the chief repre-
sentative of mineral prices, depend on (cf. eq. IV 7):

(@) wage rates !); (b) pig iron stocks; (¢) productive capacity of blast
tfurnaces and (d) demand factors.

() Wage rates themselves depend on mineral prices (cf. eq. IV 1)
and their influence can therefore be subtracted immediately 2).

(b) Stocks are cumulated annual additions to stock and these run

parallel to demand; hence cumulated demand comes in as a determining
tactor (equations 320 to 325).

(¢) Productive capacity is the cumulation of annual additions to
capacity and these run also parallel with investment activity, i.e. the
demand for investment goods. Therefore, again cumulated demand enters
into the explanation of pig iron prices (equation 318).

(d) Hence pig iron prices depend on demand factors and their
cumulation. Now the factors determining demand for investment goods
(cf. eq. III 4 and III 5 for home and foreign demand respectively) are
profits, iron prices and interest rates, all of them with a lag. It follows
that pig iron prices are a function of profits, the interest rate, cumulated
profits, the cumulated interest rate and the cumulated iron price, all
of them with some lag. Equation 328 gives the exact coefficients. The
term with 2m® (cumulated interest rates) has been neglected because
of its smallness. Of the other terms the one with Z_, 1s by far the largest.
This means that pig iron prices are chiefly governed by general profits
and that the other forces, embodied in the influence of the interest rate
and the cumulated Z-term, are only weak. '

Putting, as a first approximation,

1) For the sake of brevity the phrase ‘fluctuations in”, which should precede
the name of every variable, as we are only considering deviations from equilibrium

values, is not always repeated. ,
~2)  Disregarding lags for a moment, the situation is that ¢ = ! 4 other terms
and I = 0.15 8, from which ! may be eliminated immediately: s = 0.15 s -~ other
terms or 0.85 s = other terms and s = (other terms/0.85). '
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we may replace Xs_,; in equation (328) by 0.32 2Z_,; hence we get
s = 400627 . — 001 X7_,,+032Z_,,

neglecting the mf-term. Since

approximately, we have !):

(VIII 327) s=+0.0527_,,+ 0332Z_,,4
As a second approximation this may be simplified into:
(VIII 32) s = 0.33 Z_q,

This is only true for moderate deviations of the stock from its trend.
If more extreme positions are reached, in particular aiter a boom period,
the influence of stocks, which is curvilinear, increases: eq. 320 is only
a linear approximation, losing its validity for low values of the stock.
This may also be true for the influence of (¢) and (d) above, which reflect
the influence of unused capacity (Cf. section 4, (111) below).

B. Prices for retail consumers’ goods (costof living) chiefly depend
— because of the high elasticity of supply — on cost fluctuations (cf.
eq. IV 2). These lead us back to wage rates and raw material prices.
Wage rates are intimately connected with mineral prices (cf. eq. 1V 1).
Variations in raw material prices for consumers’ goods depend on crop
fluctuations, which are non-systematic and therefore neglected, and
on general incomes, for which profits are representative (cf. eq. IV 6).
Hence, cost of living fluctuations are connected with mineral prices
and profits, as is expressed in equation 105 (table VIII 32).

Mineral prices run chiefly parallel to profits, as just seen, and thus
cost of living 1s reduced to profits only.

(1) The balance of payments. Both income (cf. eq. VI 3) and the
short-term interest rate (eq. V 6) depend on a number of items of the
balance of payments. Table VIII 33 shows how these items may be brought
back to fluctuations in profits, pig iron prices, wage-bill, its rate of
increase and the rate of increase in the rate of interest.

As to exports, these are largely determined by our supplementary
relations. Exports depend on world trade, capital exports and prices,
foreign and home (Eq. III 2 and III 5, together with II 8 and II 11).
World trade, capital exports and price margins have been supposed
to depend on profits by our “‘supplementary relations’ (this chapter,
section 2). Home prices of export products may be shown to depend
on profits and mineral prices altogether like other home price (cf. this
section, under ii).

1) From the equation it would follow that of the two opposite influences exerted
by stocks and by productive capacity (both of a cumulative nature) the first 1s
the more 1mportant one.
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Imports of consumers’ goods ready for use depend on (a)
total consumption and (b) the price margin between imported and home
products. The latter are immediately brought back — by one of the
supplementary relations (VI 7) — to profits. Total consumption depends

n (I1L 1 and II 7): wage bill, lagged profits and cost of living. Cost of
living has already been reduced to profits. Hence imports of finished
consumers’ goods depend on lagged profits and the wage bill, this latter
influence being rather weak (eq. 215).

Imports of raw materials depend on total volume of production
(consumers’ goods plus investment goods) (IIL 6 and 7); the dependency
on Ax' and Ay', representing stocking of raw materials, may be trans-
formed into a lagged relation by using the approximation discussed in
chapter VIII 3, under (I). The value of raw material imports depends,
in addition, on their prices (II 12 and 13). As to raw materials for in-
vestment goods, their prices are parallel with pig iron prices. The prices
of raw materials for consumers’ goods are brought back to lagged profits
(ctf. above, ii, B). The total volume of production consists of: '

(@) production of consumers’ goods, being consumption minus imports
of consumers’ ready goods, plus exports; and

(b) production of investment goods, being home demand plus exports.
Calculations similar to those already exposed and given in detail in
equations 221—230, show that the value of imports of raw materials
depends on profits (lagged), pig iron prices and, to a small extent, on
the total wage bill. The second term shows a small lead which is a
consequence of our approximation ; the third term even a rather important
lead, for the same reason. But this term is small in itself and therefore
there is not much harm in the application of the approximation 1).

Income from abroad, while chiefly coming from countries producing
raw materials has already been connected with raw material imports
(eq. VI 1), and therefore depends on the same factors as these.

Capital exports have been related already -- again by one of our
supplementary relations — to profits (eq. VI 4).

The rate of increase in gold coin in the country (but outside
the B.o.E.) depends on profits (industrial use), on the rate of increase
in the wage bill and (negatively) on the rate of increase in the rate of
interest, these latter two factors reflecting the rate of increase for
circulation purposes. ,

Having thus reviewed all the items of the balance of payments except
the inflow of gold into the B.o.E., we are now in a position to use these

1) One might ask what is the advantage of applying a procedure which leads
to illogical results and whether it would not be better to leave out the leading terms
entirely. The answer is that these terms will be combined further on with more
important lagged terms and that the procedure followed enables us — still rather
accurately — to estimate their influence vis-a-vis other terms. '
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1) " First col.: number of equation.

Ref.

TABLE VIII 32
The Elimination process (1) ')

Second col. (“‘Ref.”): number(s) of equation(s), from whlch deduced and 10 Whlch reference is made.

Third col. (““Equations’):
Fourth col. (“Negl.”’):

new equation obtained.
terms neglected.
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results. Before doing so in the next part of this section, we shall consider
the wage bill.

The wage bill depends on wage rates and employment. Wage rates
are a function of mineral prices; employment is parallel with the total
volume of production. Production consists of production of consumers’
goods and production of investment goods, for exports and home demand.
By calculation similar to those already indicated, it is found that the
total wage bill depends on profits, pig iron prices and the interest rate,
‘all lagged. Pig iron prices come in chiefly through the dependency on
mineral prices (in particular in coal mining) and the — very moderate —
influence of interest rates vie the dependency on investment activity.

(iv) D'he short-term rate of inlerest ). From eq. V 6 we learned that
the short-term rate of interest chiefly depends on the decisions of the
Central Bank; the influence of international competition appeared to
be only secondary and the influence of commerical banks almost absent.
This has remarkable consequences for the explanation, in terms of more
remote causes, of interest rate fluctuations. The decisions of the Central
Bank are primarily based on the gold stock and the gold stock is the
result of the annual additions or deductions over all past years. These
additions (we consider deductions as negative additions) are equal to
the annual inflow of gold into the country, minus the rate of increase
in gold in the hands of the public.

The annual inflow of gold is the balancing item of the balance of
payments; since we showed, at (iil) in this section, that all other items
of the balance of payments are, in the end, dependent on profits, pig
iron prices, total wages, the rate of increase in total wages and the rate
of increase in interest rates, the same is true of the item making the
balance. As profits and iron prices have the greatest influence, one could
say that roughly the systematic factors making for the gold inflow are
cyclical without lag. The important mathematical feature in the ex-
planation, by these items, of the rate of interest is that it is the cumulation
over time (the time integral) of the inflow that makes for the fluctuations
in the interest rate. Cumulation over time of a cyclic curve means,
however, shifting it backwards. This in itself would already explain the
tendency to a lag in the movements of interest rates. From the cumulated
inflow we still have to deduct gold in the hands of the public, depending
on (a) cumulated profits, (b) the wage income and (¢) the rate of interest

1)  The fluctuations of the long-term rate of interest have been very weak, in
the period considered, and not systematically related to the -business cycle. In
addition, their influence on investment activity has been found to be of subordinate
importance only. It is probable therefore that they have not actually influenced
the genesis of the cycles very much. They have been neglected altogether in what
follows. This means that the equations in the monetary sphere explaining those
fluctuations are superfluous. Hence they have been left out of consideration,
although they might have led to some interesting conclusions.
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(ct. eq. V 3). Total wages may, according to the last section, again be
expressed in the other variables. It follows that the Banks’ gold stock
depends on: cumulated profits with various lags, cumulated iron prices
and the rate of interest, both also lagged (cf. eq. 244). Taking account
of the influence of capital exports on the rate of interest (eq. V 6) and
performing some further minor transformations (eq. 245—251), we find
that the rate of interest depends on profits, cumulated profits and
cumulated iron prices (eq. 251). Using equation (VIIL 32) for s, this
may be simplified further still:

6m=01137Z o, — 013 XZ_  +0.06Z_,, =

or, neglecting the 2 Z-term:
(VIIT 34) 6m* = 0.172Z_, 4

(v) The wncome equation and the final equation.

We have now obtained a number of deduced ecomomic laws for cyclic
movements, which enable us to give a fairly clear picture of the mechanism.
We have expressed all other variables in terms of profits, iron prices
and interest rates, and, in addition, iron prices and interest rates in
terms of the other two of these three ‘‘strategic’’ variables. The mathema-
tical form of the functions is held linear as a first approximation, but
there are lags, caused by the length of reaction periods of various kinds
and sometimes the variables appear in cumulated form. The natural
reason for this is that in various places there is an influence of certain
stocks on the other variables — either gold stocks or pig iron stocks or
stocks of investment goods — and stocks are cumulations of production
minus consumption. '

The only remaining equation, which we need in order to complete
the system of relations, may usefully be taken as the central point ior
our further considerations. It is the income equation (VI 3), telling how
profits are calculated. It may be formulated (ct. chapter VI, section 3):

profits = value of ultimate consumption and home investment,
minus wages, plus correction for foreign trade,
plus correction for historical costs.

‘The correction for foreign trade represents the consequences of
the country being an open country, for which there is a deviation between
value of production and value of consumption and investment taken
together. It may be expressed, with the help of the preceding part of
 this section, in terms of profits, with lags.

The value of ultimate consumption equals quantity times price;
the price level depends on profits, as we saw in this section at (ii). The
other factors determining consumption are total wages and lagged profits
(equation IIT 1, omitting the stock term, which does not represent
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ultimate consumption). This influence of total wages combines with the
term ‘‘minus wages’’ and may be reduced to profits and cumulated
profits, according to the end of part (i) of this section.
The value of home investment depends on lagged profits, iron
prices and interest rates, the latter two items again on profits and
cumulated profits, .
The correction for historical costs (cf. section VI 3) depends on
the rate of increase in raw material prices and hence, indirectly, on the
rate of increase in profits (ci. 1V 5).

Given the importance for our further investigations of this part of the
elimination process, it is worth while to comment in detail on the trans-
formation of this equation. In section VI 3 it was given the form:

(VIII 35) 3Z_y¢= (U — 0454u) + V' — L +
(U VA= X Y UY) 45

The left-hand side represents profits; the reason why profits are not
simply equal to Z is twofold:

(i) There is a lag between profits and Z which we did not know
exactly beforehand;

(ii) Profits probably show larger fluctuations than Z, but we do
not know in exactly what proportion. In section V1 3 we found the
coefficient to be 1.70, when using the second regression equation — which
enabled us to find the lag — but 3.0 when using the first regression
equation which logically would be the best, it the lag were known. We
have chosen the last coefficient. '

For the logic of our further considerations it is more elegant to introduce
a symbol z =3 Z_,, showing no lag and no difference of amplitude
compared with profits. The income equation now becomes:

= (U — 0.454u) + V' + (U + Ve 4[4 — X' — Y L) 4 4.5

The items occurring on the right-hand side may now also be expressed
in terms of z. For these transformations we need, first ot all, the two

equations (VI1II 32) and (VI11 34), expressed in z:

(VIII 35 1) $=0.33Z_,,=0.112
(VIIL 35 2) mé = 0.03Z_,,= 0.01z2

We may replace the first equation by a more accurate one, if we sub-
stitute (VILI 351°) and (VI1Ll 352) mmto equation (326 of table VIII 32),
where the negative and the cumulated terms are still present. This yields:

(VIIL 351) s=-+0.0222_,,— 0.0042Z_,,+ 0.11z_,,+ 0.0172_,, —
— 0.0252_, , — 0.022_,
= -+ 0.01622_,, — 0.004z_, , 4- 0.1272_,, — O. 0454,___11 '
= -+ 0.01622_,. + 0.13z_,, — 0.05z_, ,, -

where we may neglect the first term.
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Next we want the equation obtained for » (equation 105, table VIII 32).

(VIII 353) 11.7p = 0.51Z_,, + 0.41s_,, = 0.172 + 0.05z_, , — 0.02z_,
— 0.22 0.2 O().-..t.u___lg )

We are now able to transform each of the right-hand side items of the
profits equation. The value of ultimate consumption:

(VIII 354) U’'— 0.454u = 0.80L +0.50Z_,+ 0.42Z_, +11.7p (III 1)32)
= 0.80L +0.312_,, -+ 0.222_,,— 0.02z_, ,
= 0.80L -+ 0.53z_, ,— 0.02z_, ,

The value of home investment:

(VII1 355)
V= 0.392_, +0.27Z_,— 5.3m% ; + 1.13s_, . — 0.49s_, «
(123, table VIII 32)
= 0.22Z_,,— 0.05z_; + 0.142_,, — 0.06z_, , — 0.06z_, . + 00.2z_, .
= 0.382_y,— 0.172_, 4 -

We do not combine these two terms since in the expression for this item
the approximative formula would be too rough.
Total wages

(VIII 356) L = 0.34Z_,,+0.93s_,,—1.2m* , (307, table VIII 32)
— 0.20L = 0.07Z_,, — 0.19s_, , + 0.24m* , ‘
= — 0.022_,; — 0.02z_,4 + 0.01z_, ;
= 0.04z_, + 0.012_,

The correction for foreign trade:

(VIII 357)
Ut Vet LA—X" VU= 0.18Z--0.1 1Z_;—0.31Z_,+4-0.69s_, ¢
| (313, table VIII 32)
=0.062_,,+0.042_, ,—0.102_, ,+0.09z_, ,—0.03z_, ,
=0.192_, ,—0.13z_,

(VIII 358) 4.5/ = 4.5(0.121Z -+ 0.033Z_,) 1V 5)
— 4.5 X 0.154%Z_,, = 0.232

Here again, a lead is neglected, since 1t has no logic meanmg a,nd may

be assumed to fall within the margin of error.
Combining (VIII 354)— (VIII 358) with (VIII 35), we have:

(VIIT 359) 2= 1.112_,,— 0.362_,, -+ 0.23

) Here we neglected a lead + 0.1 mn the term O. 51 2z, since 1t would have no

logical sense and since the difference 1s only small.
2) The difference between 0.43 Au and 0.45 A’ may again be disregarded.
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According to the approximations referred to before, we shall trans-
torm the derivative into a difference. Since the interval of this difference
may be chosen freely, but has a considerable influence on the results,
we have to ask whether some natural interval exists over which the
difference has to be taken. In view of the bookkeeping habits, the year
seems the most natural interval. At the same time, for reasons of logic,
1t 1s desirable to introduce a small lag into the z-term, since, owing to
the theory of this equation, z is caused by 2z and not vice versa.
We might therefore replace 2 by z—z_; or by z_,—2z_,_, where 0
represents a small lag. Finally 1t 1s desirable to have lags that are multiples
of one and the same unit lag. One simple way (I) in which all this can
be performed is to transform 2 into z_,, — 2_,, and to replace z_,, by
(3/7)z 4 (4/7)z_y,; another 1s to replace 2 by z — z_, and to replace z_,
by (4/7)z_yr + (3/7)2_; . The results are, using 0.7 years as a new time
unit, and reducing the first term to z:

(VIII 8591) 1. z=1.382_, — 0.65z2_,

(VIIL 3592) II: z = 1272_,— 0.60 z_,

Since 11 is more accurate than I, we shall use 11 as our ‘“‘standard case’
in what follows.

4. SOLUTION OF THE FINAL EQUATION
CHIEF FEATURES OF THE MODEL

(i) The mathematical aspects of the solution.

The solution of the characteristic equations of I and II are easily found
to be:
| 0.69 &+ 0.425 7 and 0.635 4+ 0.45 1,

h

corresponding with periods of 8 and 7 years respectively and r = 0.81
and 0.78 respectively, i.e. the movement is considerably damped.
These results are not bad, since the uncertainty in the period and the
damping degree are fairly great. Small changes in the co-efficients suffice
to cause considerable changes in the period and damping. It 1s, moreover,
probable that the echo principle also works to some extent, tending to
fix the period somewhat better and that, in addition, curvilinear relations
— which will be discussed later in this section — hold the system, within

certain limits.
First, the main features of the mechanism without these complications

may be described. An outstanding feature of this mechanism is that it
explains the cumulative process as well as the turning points. It is some-
times believed — in particular by non-mathematical students of cycle
problems — that there must be separate theories for these four phases
of the cycle. The theory given here is one for all phases at the same time.
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If we assume any initial disturbance of equilibrium — i.e. values of z,
and z, different from zero — then a (rather much damped) cyclic movement.
develops. An arbitrary numerical example is given 1n the following table:

| TABLE VIII 4 1
Numerical extrapolation (case II) with given values z, and z, (— 10

L T TR - T R ——

and 0, resp.)
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!
/ 241 Zi_o 1272y, | —0.602,_, 24
|

3 0 — 10 0 + 6.0 l + 6.0

4 6.0 0 7.6 0 + 7.6

5 7.6 6.0 9.7 — 36 | -+ 6.1

6 6.1 7.6 7.7 — 4.6 + 3.1

7 3.1 6.1 3.9 — 3.7 + 0.2

] 0.2 3.1 0.3 — 1.9 — 1.6

9 —16 0.2 — 2.0 — 0.1 — 2.1
10 —21 | —1.6 — 2.7 + 1.0 — 1.7
11 — 17 | =21 — 2.9 + 1.3 — 0.9
12 =09 | =17 — 1.1 + 1.0 — 0.1

At the outset, the second term — 0.60z,_, is positive or, if negative,
only small; this means that z is larger than or about equal to 1.27 z_,,
or that 2z is larger than z_; and each following z is larger than the preceding
one. This is an upwards cumulative process (in the table, z; up to z,).
But there are tendencies to disturb this movement. If z_, grows, there
comes a point where 0.60 z_, surpasses 0.27 z_; and this means that
2 < %_5: & turning point is reached (at { = 5). Then a cumulative process
downwards develops, up to £ = 9, where again a turning point is attained.

(1) The economic aspects of the model.

What in your theory, the economist will ask, is the cause of the
cumulative process and what is the cause of the turning point? This
question cannot be answered in a qualitative way only. It is largely a
question of figures. Of course, In extreme cases, qualitative answers are
~possible. If, e.g. only the first term on the right-hand side should be
present, the process would always remain a cumulative one. But this
first term — and the economic phenomenon it represents — only yields
a cumulative process in such a case, if its coefficient surpasses one. If
not, a process of adaptation would develop. The first term being given
as it is, it may be said that the second term is the cause of the turning
point. But also this is only conditionally true: it also depends on the
numerical strength of that term — i.e. of the economic phenomena behind
it. A quantitative problem cannot be formulated qualitatively only.

With these important reservations in mind, we may, nevertheless,
give some satisfaction to the economist by stating what economic
phenomena are chiefly responsible for the various terms. This can easily
be seen if we only go back to the origin of each term. o
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The first term is chiefly the expression of the propensity to consume
and to wvest: there will be the more consumed and invested the higher
incomes one time unit before are and this tends to make incomes high
again 1n the next time period, even somewhat higher. This tendency is
helped by the tendency of higher prices, as a consequence of higher
demand. It is also helped by the influence which rising prices have on
the profit calculations. In this sense there is a sort of “accelaration principle’
working: profits depend on the rate of increase in prices.

The negative term — 0.60Z_, is to some extent a consequence t0o
of this acceleration principle: the rate of increase in some variable z
always means a difference between two values of z, the negative one
preceding the positive. In addition, this negative term originates from
the negative influence of wnterest rates and wron prices on investment
activity. These influences may therefore to some extent be said to cause
the turning point, but only wn co-operation with the influence of historical
cost calculations. The negative term arising from interest rates alone is
only a very small part of the total negative term and would not at all
be sufficient to cause a turn. Neither would the combination of interest
rates and iron prices. The combination of these two with historical cost
calculation does, however.

Another important feature in the explanation of cyclic movements
15 that the negative term has a greater lag than the positive one. If it
should be otherwise, no cycles would occur, except cycles of two time
units, i.e. 1.4 years. The reader who is not convinced should only try
it out by recalculating table VIII 41 with the lags interchanged or the
signs interchanged. The fact that in our model the negative term has
the greater lag is a consequence of (1) the above mentioned “‘acceleration
principle’’ ; and (i1) the fact that the iron price (cf. equation 326, table VIII
32) by depending on investment activity, depends on earlier iron prices
with a negative sign. This generates the negative term in equation
(VIII 351), which is responsible for various negative terms in the equations
(VIII 354), (VIII 355). As a third reason why the negative term has a
oreater lag than the positive one we have (iii) the occurrence of the
negative s-term in equation (123, table VIII 32) ') which has a greater
lag than the positive s-term. The negative term is due to the influence
of prices on the quantity of demand, which 1s lagged, whereas the positive
term reflects the influence of prices on the value of demand, which 1is
not lagged. The fourth reason why the negative term has a greater lag
than the positive one is that this is so in the “correction for foreign
trade’ (eq. 313, table VIII 32). At closer examination, this appears to
originate from three elementary equations, viz. those for K¢, p°®— p¥
and g — q? (VI 4, VI 5 and VI 8). Since these equations are all ““supplement-
ary equations” (cf. this chapter, sections 1 and 2), their exact economic

1y Cf. the preceding section.
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significance is unknown to us; but the negative sign of Z_, in the equation
for K¢ may be interpreted as caused by a lead which K¢ shows with respect
to Z, 1.e. with respect to British cycles. The same may be said of p¥ — /o
and ¢* — ¢, meaning equally that world prices were, generally speaking,
in advance of British prices.

It will be clear that most of the elements of our theory have been
taken from existing theories. This is but natural since our chief purpose
was only to find the relative importance of these theories and, wherever
possible, to give quantitative expression to them. Let us see which
theories are found again with particular strength in our scheme. For a

discussion of the relation of other theories to our scheme we may refer
the reader to another essay 4).

T'he most important elements in the model are:

(@) SCHMIDT’s theory on the influence of historical cost accounting or,

in other words, of the paper profits caused by price rises and corresponding
losses caused by price falls!);

(b) ArrtavioN’s theory on the influence of a construction period 2),

accounting, at least partly, for the influence of lagged incomes on incomes
themselves. '

(¢c) elements of KEYNES' theory on the marginal propensity to consume,
but also with a lag, accounting for the rest of the influence of lagged
incomes on incomes themselves:

(d) many elements common to many theories and more or less generally
accepted, such as the influence of prices on demand, of winterest rates on
wnvestment activity and on money in circulation, the influence of gold
stock on interest rates, etc. accounting for smaller contributions to the
coefficients used.

To all this we should add, as we have pointed out elsewhere the probable
influence of

(e) the echo principle °).

(1) Changes jor g%eatw amplitudes.

The amplitude of the cyclic movements depends on the initial values
of z, which, in turn, for a damped system subject to random shocks
depend on the disturbances in the last few years. If these disturbances
are small, the system will not move away far from the equilibrium
development. If they happen to be great, situations far from the equilibrium
may be reached and the system may come outside the region where

1) Cf. G. HABERLER, Prosperity and Depression, Geneva 1939, p. 30.

2)  Cf. HABERLER, op. cit., p. 134/135.
3) (Cf. HABERLER, op. cit., p. 84/85; the author believes that only the echo

principle is able to explain the relative stability of the period of cycles observed

between 1850 and 1914.
4) Cf. J. TiNBERGEN, ‘‘Critical Remarks on Some Business Cycle Theories,”’

Econometrica 10 (1942), p. 129.
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the linear approximations for the elementary relations are valid. Some
of the relations must then be changed. There are three categories of them:
1) the relations which we found to be curvilinear but which we replaced
by linear approximations: in this class belongs eq. VI 10 for w’;

2) the relations for which we did not find statistical evidence of their
being non-linear, but that must, by principle, be so: this applies to all
definition equations for variables representing money amounts (II 7—13
and VI 2) and to those equations in which variables with some maximum
or minimum value occur.

Of the latter two categories we should only take the relations with
variables that have rather wide fluctuations, for these probably will
reach their maximum or minimum values before the other wvariables.

As an example, take production. Production cannot surpass very much
normal capacity of production. This is true for the production of investment
goods as well as for the production of consumers’ goods. But the former
shows much wider fluctuations than the latter and will, therefore, usually
first reach its limit. Hence we need not bother about the limit of
consumers’ goods production. For similar reasons we need not occupy

ourselves with the non-linearity of the equation U =o' p, for which
II 7 stands but we mlght do so with the non-linearity of the equations

V' =1 ¢ and Ve — ¢ 9. On closer examination, however, the influence
of the non-linearity of these equations appears to be small too in com-
parison with what will nhow be discussed.

The chief variables to which some maximum or minimum is set, seem
to be variables representing the absolute size of:

(1) stock quantities, which cannot be negative;

(ii) supply quantities, which cannot surpass the capacity to produce.

The first condition applies, strictly speaking, to all economic variables,
but the great majority of them usually does not come near this limiting
value, or has not done so in the period studied !). Both conditions will

be applied, for the reasons just given, to investment goods only, i.e.
to pig Iiron.

(i) As soon as pig iron stocks should be exhausted, the equation
(IV 8) for # could no longer be satisfied; it would be:

W =0

as long as o' + ¢ are positive, i.e. during the whole boom period and
some time after.

(i1} As soon as v, according to equation (Il 6), should reach the value

1) Some of them did in the period after 1929, e.g. the short-term interest rate.
Correspondingly, a curvilinear relation (4.420) had to be introduced i our study
of the United States 1919—1932 (loc. cn: . 85).
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of capacity v°, it would have to stay on that level as long as (II 6) should
lead to a higher figure. As long as iron stocks should permit a quicker
depletion in order to satisty the high level of demand, equation (II 6)
could be replaced by

vcﬁvf_}_ve_l_w

determining « instead of, formerly, v; and this would imply the non-
validity of the equation for w (IV 8). Hence there would be two stages
to be distinguished. First, if » reaches v»¢, production remains on that
level and stocks are depleted more rapidly than would otherwise have
been the case. Secondly, if stocks fall to zero, production still remains
v% but % becomes zero, which makes it necessary for »" or »¢ to he
determined in deviation from what it otherwise would have been: it
must be rationed. Long before this stage has been reached, however,
another change will come into play. If stocks are getting small and
capacity is nearly fully occupied, prices s will rise more than they did
before for the same increases in these independent variables. This tendency
has already been expressed in the relation between stocks and iron prices
that we introduced; according to this relation s would even become
infinite, if stocks should fall down to zero. Probably also a reduction
to very low levels of unused capacity would have a greater eftect on
s than would an equal reduction at higher levels. The statistical data on
unused capacity are not accurate enough to rely upon our equation
for the details of these reactions, in particular for the answer to the
question as to which of these two tendencies would be more pronounced.
Hence we may assume — since the only remaining term (the [-term)
~in equation (IV 7) is but small — that the coefficients in the equation
for s all increase in the same proportion as stocks and unused capacity
ocet smaller and smaller; and this increase has no clear limit.

Turning to the question as to what statistical evidence there is for
the various effects under discussion, we must stress the fact that iron
stocks have never been exactly at zero. Hence the second stage would
not have come into existence. Moreover, stocks have always shown their
minimum some time after the crisis and hence there evidently was still
some elasticity in them at the top of the cycle. It is less easy to find
whether or not the first stage indicated above has ever been reached.
Judging from the statistics of blast furnaces in existence and in use they
have never been working all of them, not even in 1873. But, as has already
been observed, the figure of the furnaces in existence sometimes included
furnaces incapable of production. Another, somewhat more indirect way
of testing the presence of stage 1 is whether or not production has been
at one and the same high level for some time past. In the annual figures
such a persistence cannot be discerned. Unfortunately I have not been

able to discover monthly figures for pig iron production.
The one thing which is statistically clear is the curvilinear influernce
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of stocks on iron prices. Iron prices up to levels much higher than a
linear relation would be able to explain. Therefore the chief alteration
we have to introduce, if the system goes outside the linearity region,
1s to change the equation for s. Let us calculate the consequences of a
proportionate change in all coefficients of the s-equation for the move-

ments of the system as a whole. In order to fix the ideas, let us take instead
of (VIII 351):

(VIII 351" s=0.262_,— 0.102_,

For the sake of simplicity let us neglect the (much smaller) repercussions
this assumption has on equation (VIII 352) for m® and only compute the
other effects. Equations (VIII 354) to (VIII 359) become:

(VI11 354") U'— 0.45u4 =080L +0.592_,,— 0.042z_,,
(VIII 355") V’

0.56 2_,,— 0.30 2_, 4
(VIII 356') — L

|

0.80 L +0.02z_,,— 0.072_,4

(VIII 357") U¢-...—-U'= 0.28 z_g¢— 0.17 2_, 4
(VIII 358') 4.5 7 = 0.23 2
(VII1 359 z2=0232+4+1452_,,— 0.582_,,

When treating this equation in the same way as (VILI 359) case 1I, we
obtain a final equation:

2= 1722_,,— 0.882z_,,

showing movements of a period of 9.5 years, with » = 0.94, 1.e. with
only slight damping.

This clearly means that when the system comes into regions farther away
from equilibrium, 1t will perform movements of a somewhat different type,
but still periodic; a turning point will come, although somewhat later.

VIII 5. EFFECTS OF STRUCTURAL CHANGES ON CYCLES

The nature of the mechanism may further be investigated by studying
the effect of various structural changes on the nature of the cyeclic
movement. These studies have two different scopes. First we may detect
how alternative decisions as to some dubtous points wn the analysis in-
fluence the system: it is to be hoped that there are no great differences
from the standard model chosen. Secondly we may attempt to detect
how certain variations in structure influence the movements of the system.
Here the result may be either a small or a big difference: in the first
case the structural variation considered has no great influence on the
business cycle mechanism, in the second case it has. Sometimes one and
the same variation may be instructive for both purposes.
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(1) Complete parallelism between British and foreign Prices,

{ | » | . > .. ' . e s ,. | |
Concerning the competing prices pf and p" we have assumed that

there was a systematic difference which we expressed, by equation (VI 5),

||||||

and ¢* and to p and p¢ (equations VI 8 and VI 7). It may be, however,
‘that this assumption is not correct and that the differences observed
are of a random character. This would mean that their systematic part
15 zero and we shall therefore enquire how the movements of our standard

model are changed by putting
pPr—=pr=q—qv=p—p' =0

This comes down to recalculating the elimination process, which leads to
the final equation:

Z == ]..].6 2__,,_1-— 016‘1 2_2

as against z == 1.27 z_; — 0.60 z_,.

The intensity of the first term appears to be smaller. The corresponding
movement shows a period of 6 years, and »r = 0.78. This result evidently
fits in well with our observation that foreign prices preceded British
prices, as a rule. Should British prices immediately have adapted them-
selves to the foreign price level, the cycle would probably be shorter.
The deviation from the standard case is not, however, of very much
importance, and this in itself is satisfactory.

(1) Fluctuations of external raw material prices at half thewr former
amplitude.

External raw material prices were assumed to depend on Z and Z_,,
since the United Kingdom was one of the most important buyers. 1t
was not, however, the only buyer; and our hypothesis was therefore
based too on the principle that, in order to obtain a complete theory,
assumptions have to be added on a parallelism between the economic
fluctuations in the United Kingdom and other buyers. The smaller a
country, the less probable this parallelism. By assuming therefore that
only half of the raw material price fluctuations are due to home demand
fluctuations, we get a situation corresponding to smaller countries. At
the same time we get a situation corresponding to a half-way stabilisation
of raw material prices. It will be interesting to compare this with the
effect of full stabilisation of raw material prices and with the effect of
stabilisation of all prices. '

The original system of equations is only changed in three places:
equations IV 5, IV 6 and VI 5 are changed nto:

rt = 0.061Z 4 0.017Z_,; - (IV 5
r = 0.034 7 + 0.035 Zwl (]:V 6’)
pi = 0.017Z + 0.042 Z._, ‘
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The result of the elimination process 18 now:
PR & 9 5 o1 O - I 2
2= 0122+ 1.06z2_5,— 0.352_4,

or choosing the new time unit = 0.7 years, and 2 = z—z_; as in standard

cace 1

The corresponding movements show a period of 7.5 years and r = 0.67.
The figure for the length of the period should not be taken too literally,
since the longer the period, the more uncertain the figure (it represents
a farther extrapolation than for smaller periods). The period will be
somewhat lengthened; more cannot be concluded. More important,
however, is the reduction in ». This is an indication that stabler prices

will lead to a stabler cyclic movemendt.

(iii) Capital exports considered as « random wvariable.

In our analysis we assumed capital exports to depend systematically
on the economic situation. This induced us to introduce equation VI 4.
It might be held, however, that investments In new countries — for
which capital exports are largely destined — are autonomous events
that do not depend very much on the economic situation (of course they
~influence, of themselves, the economic situation, but that is another
question). In the language of our analysis we must suppose then that
capital exports are a random variable, and the systematic part = 0.
Carrying through the elimination process with the assumption yields the
final equation: '

0.772 = 1.0l z_,, — 042 2_,,

the solutions of which correspond with a movement of a 9 year period
and r = 0.74. In comparison with standard case II (period 7 years and
r = 0.78) this is not a very great difference, and perhaps even an im-
provement, since the period is somewhat longer. The conclusion is important
since the meaning of the relation for K¢, if any, is not very clear and the
probability is great that K¢ is in fact a random variable. If so, it has
been one of the most important impulses to British cycles. “

(iv) No Mstorical cost accounting.

Up to now we have considered the consequences of a change in some
of the external variables. We shall now discuss some changes in the
equations determining internal variables. We have already discussed
the influence of boitle mecks, i.e. of a change in the price formation for
Investment goods and of a change in their effective demand as a consequence
of tull utilisation of capacity (cf. the preceding section). We may now
consider the influence of historical cost calculation as assumed in the
income equation. The most radical alternative assumption on this subject
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would be that no term with 7 occurs, i.e. that replacement cost calculation
had been used everywhere. This reduces the final equation (case 1I) to:

:=1.092_, — 0.332_,,

The corresponding movements are strongly damped (r = 0.57) and show
a period of 13 years. The influence of this assumption on our results
appears therefore to be somewhat more important.

We must not overlook the fact, however, that such a change in our
assumptions means that at the same time one of our correlations 1s
more or less severely impaired; in this case, the correlation obtained
for the income equation. The alternative assumption now made — viz.
that costs are not accounted for by the “‘historical” method — is there-
fore less probable ) unless we succeed in finding an additional change
in our hypotheses, which restores the value of the correlation coefficient.
In such a case we shall speak of two compensating changes. The second
change may take the special form of a change only in the numerical
values of the regression coefficients in the equation in which the first
change in hypotheses bears, viz. such a change as to give, in the new
circumstances, the highest correlation coefficient. If we change the income
equation in this twofold way, the correlation coefficient falls from 0.69 to

0.64 and the regression equation becomes:
392 4, =U"—045Au+V' +U*+...... — U,

the final equation is
' & == 0.842___0_7 — 0.25 2_1.4,

- corresponding to cycles of 8 years and r = 0.50. Whereas the change
in period is thus compensated, the change in damping degree 1s not.
The lower correlation coefficient seems to affirm that our original assump

tion on historical cost accounting is rather essential for our model. On
the other hand it suggests that replacement cost accounting will be favourable
to — although mot sufficient for — a stabilisation of the business cycle.

(v) Greater elasticity of demand for consumer goods.

Another uncertain point in our analysis is the extremely low elasticity
of the home demand for consumer goods (cf. chapter III, section 1).
We may change this hypothesis in a simple way by omitting, in equation
111 1, the term with p. This means that the elasticity of demand is taken
to be equal to one, representing the other extreme. By so doing, however,
we get a particularly bad fit for the consumption equation. It would
theretore be more appropriate to re-calculate equation III 1, omitting
p as an explanatory variable. This yields other values of the coefficients

1) For this same reason it 1s not quite permissible to reject our model because
of the sensitiveness of the results to a change in any single regression coefficient:

only sensitivity to compensatory changes in more than one coefficient would be an
argument. '
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for the other variables; meaning, in particular, that the propensity to
consume is greater. We get:

-----

2= 1.172z_,— 0.53z (time unit 0.8 years),

ot Wl“liCh the ﬁoluticmq cm"re%pon(‘l to a movement of an 8§ year period

Of course, qmte cmother remlt (much more harmfu]) would have been
obtained, if only the elasticity of demand had been changed and not
the propensity to consume. The two changes are, to some extent,
compensatory changes. If, in other words, our first determination of the
elasticity of demand is erroneous, the propensity to consume 1s too,
and these two errors are largely compensatory as to their influence on
cycles. It follows that the uncertainty in some of our coefficients has not
such a great influence on our results as the effect of the variation of one
single coefficient on the final equation would make us believe.

(vi) Greater elasticity of demand for exports of consumer goods.

The same type of variation may be applied to the export equation.
It is to be expected that this variation will give smaller deviations, since
exports are not so important as the internal market. Instead of equation
III 2 we now find, if the coefficient for p¢ — p* be given the a priort value
2.0 (corresponding to unit elasticity for exports):

ut = — 2.0 (p*— p*) + 0.92T%4 0.09 K¢

and performing, with this equation, the elimination process, we find for
the final equation:

0.772 = 0.98 2_,, — 0.48 2_, ,

leading to cylces of 6.9 years and r = 0.79. Thus we find a slight change
only, as could be expected 1).

(vil) Greater elasticity of demand for investment goods.

As a third example let us consider the consequences of an alternative
assumption on the elasticity of home demand for investment goods.
This means that equation III 4 is replaced by:

= 0947Z_,.,— 1.49¢q_, (111 4")

where ¢_; has a coefficient equal to the coefficient before ¢ in the equation

') Substituting equation (III 2’) for equation (III 2), i.e. assuming that exports
are determined not only by the price difference between English and ‘‘world”
prices, but also by the absolute level of English prices, we find only slight dlfferences
In the equations immediately preceding the final equation.
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1110 for V'. The coefficient for Z has been found by correlation analysis;
the coefficient for m® is found to be small and has been neglected.

The most important changes are in the equation for s and, of course,
for V’. The s-equation is found to be

§=0.152_y,— 0.04 2_, , instead of (VIII 351). The final equation becomes:

0.772=1.102_, — 0.47 z_,

whose solutions correspond to a movement with a period of 10 years

and r = 0.78. Again the change, although not negligible, is not revolutionary
elther,

(viil)  Summary.

The calculations of the effect of various structural changes on the
movements of the model show that the chief characteristics of these
movements do not depend very much on

(1) whether British and foreign prices are exactly parallel or whether
there is a systematic lead in foreign prices, as we found existing;

- (1) whether or not the amplitude of foreign prices is reduced to
one half;

(iii) whether or not capital exports are considered as a random
variable:

 (iv) whether or not the demand equation for home consumption,

home investment or for exports of consumers’ goods is replaced by an
alternative one, showing a unit elasticity of demand, but with eompensa,tlng
changes at the same time.

The character of the movements is, however, changed somewhat more if:

(@) the hypothesis of historical cost accounting is dropped, or

(b) the elasticity of home demand is taken as 1, without a compensatmg
change in the other coefficients in 1ts equation.

Generally speaking, non-compensated changes 1in the elementary
equations have a great influence on period and damping, especially
changes in equations with a great influence on the final equation, such
as the income equation, the home consumption and the home investment
equation. Changes in the propensity to consume, the inducement to
invest and the elasticities of consumption and investment with respect
to prices are examples. But non-compensated changes have the disad-
vantage of being in direct contradiction to facts, in so far as they usually
invalidate one or more of the correlations obtained.



