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ADJUSTMENT OF PRICES TO WAGES

by J.J .Paunio

Is a strong labour organisation able to achieve a general rise in
workers' wages, and in what way does such an increase affect prices
and employment? The problem though old, is still unsolved. When put
in this way the question is so general in nature that no unambiguous
answer can be expected. The analysis, which will be entirely theoretical,
will be carried out with the aid of a comparatively simple model, in which
the assumptions are practically the same as those found in the traditional
theory. The model is static and the analysis therefore comparative static;

The analysis is set in a closed economy, where perfect competition
prevails in the commodity market. The wage is exogenous in fhe model. Labour
is the only variable factor of production. Thus the production function
can be expressed in the following way:

(1) a = aln),
where ¢ denotes the volume of output per time unit, and n employment.

If w = the (given) wage per unit of labour, and mc = marginal costs, then

2) me = —¢ .
( q"(n)
As the model is primarily concerned with the commodity market, q'(n) =

0 -1, 4
Q'} q 1(Q)} = g(q). Assuming that entrepreneurs are profit maximisers, we

get the following equation for the price p.

(3) p-= é%ay .

This article was originally published in Finnish in ZXansantaloudellinen
Aikakauskirja No. 2, 1964.
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National income, y, is

(4) vy = paq.
Labour being by assumption the only variable factor of production wage
income V? is

(5) vy =

H
w o
5

q
] W

du.
g(u)

Thus capital income, Yy is
6) ¥, =pq- | = du
g = PTG
o}

This system of equations is illustrated in Fig. 1. When the volume
of output s § and the corresponding price P, the rectangle OQA1§ Tep~

resents national income, OQA1B below the marginal cost curve MC1 being

1
wage income and A1B1§ above the same curve, capital income.

When the model‘has been developed this far, it is easy %o give a
specific definition of the problem under consideration. A wage rise in-
creases marginal costs iequation (2)} so moving the curve in Fig. 1
upwards to the MC2 position., Initially, assuming no other changes occur,
the wage increase would reduce output to Q1. However, the finql new
equilibrium position, which it is the primary aim of this study to derive,
further depends on how demand responds to the wage rise and to that reduc-
tion in output and employment which initially follows the wage rise., It
should be noted in particular that the model affords possibilities of
establishing how the change in income distribution induced by the wage
rise affects consumption and investment demand. According to Fig. 1, income
distribution at'output level Q1 (capital income A2B2§ and wage income
0Q1A232) obviously differs from that at full employment level § (see
previous paragraph).

Full employment'ié assumed to exist in the initial situation, which

means that the marginal cost curve in Fig., 1 becomes vertical at the full



employment output level Q.

The analysis of the effect of income distribution can be considerably
simplified by setting forth the following proof prior to the final con-
struction of the model. Fig. 2 shows two marginal cost curves, MC1 and MGZ,
which differ from each other in respect of wage. We will now see that at
one level of output in equilibrium situations, ﬁhere marginal costs are
different on account of a difference in wages, the distribution of income
between capital and labour (as defined above) is the same. In other words
the distribution of income is the same irrespective of the price levels

in the following prices P, and P, will be considered.

1 2
ir
W
(7:1) ey = iy
and
w+ Aw
(732) mc2 = q.| n 9
‘then
Nw
(7:3) me, = mey =Ny
If we write
(734) mc1 = f(‘l)
and
W
a'(n) = 55—
then
W
(735) m02 = f(q) + ;V f(q}'

Thus the ratio of capital income to wage income at price level P1 is

q
- y, - | £(u)du ¥
(7:6) Yx1 _ 1 o - 1 -1
y q q
w { £(u)du j' £(u) du
o’ "0



and at price level P2

ar
[ bLw
- flu)+ — f(u)| du
(1:7) 3, Y27 ?L( A | V2 1
Yo ar T bwy 4 -
we if(u)+ av f(u)i du (14 - ) j £(u)du
{ W 5
S
As Y1 P41, and at the same time 2 ¥+ oW W _1 4 &v
- - [ t - ’
Yo Py p, a'(n) q'(n) 5
. . P P Dw

then by substituting 22 .y, for y, and 2 for (1+ =)

p Y w

1 1

in equation (7317) we get

b

2

N P 1 y1
k2 1
w2 ~2 f(u)du %f £(uw) du
P1 J &

or

(7:9) k1. k2 .,

yw1 ywz

This proof facilitates the analysis in so far as the effect of income

distribution upon demand and output can be determined,whatever the size of

the wage increase, with the aid of one single marginal cost function,

In Fig. 1, the new volume of output produced by the wage increase is Q1.

On the strength of the proof the effect of income distribution at a change

from § to @, can be analysed at price F1 (curve MC1), while price P and

curve M02 can be disregarded.

If we accept the fairly general conception that a decrease in output

raises the proportion of income received by labour and reduces that received

by capital, the marginal cost function must be expressed so as to conform

with this assumption.



The marginal cost function, equation (3) is an aggregate function,
which may be thought of as the total of the marginal cost curves of
individual firms (see Fig.3). The marginal cost function can be assumed
to have the form f'> 0 and f">0.? However, such properties are not
sufficient to prove that the marginal cost function really does divide
the national income in the way assumed. But if the marginal cost function

is explicitly given the form of a parabola, a proof is possible. Thus

(8:1) mec =@<q2+/5 (¢ £ 03 mc =0, when g < 0).
We now have to prove - provided that A(q) = af(q) - that {(see (];4)3

g

i
R
o

o

f(n)du

Ny
(8:2) A(q) > 0.
The left member of this inequality

~ % [y

i
i

(8:3) af'(q) + f(q)} - 1£(0) * .4

2
:3 f(u)du

?

P

M(g)= =

2
f(u)du
A

s evtneny T

1 S
3,

By incorporating equation (8:1) in the numerator of the above expression,
we find the latter to be positivez; in other words, the inequality (8:2)
is valid.

The national income is divided as follows:

(9:1) y =1+ (y-s) ,
which reduces to

(9!2) s = i,

1. The derivatives of the corresponding marginal productivity function g
are g'< O and g"< 0.

2. By substitution we obtain ( B—% q3 + (bq) . 2G(q2 + ( %qB + /5q)

(oa® +A)=(ta® + 1)%. q =xPa(>0).



In these equations i = invéstmeﬁt and s = saving.

Applying the generally accepted assumption that the marginal
propensity of capitalists to save is greater than that of workers because
of the higher per capita earnings of the former, the saving function can

be Writteni

(10) s = ﬁ ¥k +’7wyw = s (7 k}'?w)9

where?7 = the marginal propensity to save, and g = consumption when y =.0.
In accordance with post-Keynesian thinking2 on the concept of

marginal efficiency,investment can be assumed to be a function of the rate

of interest, in addition we assume it to be linear

€ -
(11:1) i=-—'-:—§——a-,

. where § = marginal efficiency, and a and é parameters. The nature of the

interdependence can be founded on KALECKI's principle about "inegreasing

3

marginal risk" as applied to macro behaviour. Given the interest rate

investment can also be ascertained. Fig. 4 shows the assumed function & ,

the value of which is a, when i = 0, At interest rate é ’ invesfment is 1.
As investment in this model is dependent upon so subjective a factor

as the willingness to invest, it seems evident that it should also be

influeﬁoed by the current cyclical situation, in particular by the current

level of profits, and perhaps also by the degree of utilisation of the

capital stock. These factors are assumed to excert their influence by

1. Sy =-O u " Hw and 8 = ?7kyk =My 3 for the per capita saving
functions it is probable that /LW{‘ I

2, See BJORN THALBERG A Keynesian Model Extended by Explicit Demand
and Supply Functions for Investment Goods, Stockholm 1962, p. 11.

3. M, KALECKI Essays in the Theory of Economic Fluctuations, London 1939,
p. 98-102; see also THALBERG, p. 12,



shifting the function & nearer to, or farther from, the origin (see Fig.4).

The dependence of investment on these factors can be expressed as follows:
(11:2) a = ¢ ()R,
where funotion‘g"denotes the effect of the degree of capacity utilisation,

and Rk denotes profits. It is assumed that all profits are received by the

capitalists, or according to equation (6)

Pg- j% W du
o) z(u) ’
‘V-\; .

* K
g(qj

where KX = the capital stock at constant prices, and the denominator thus

(11:3) R, =

shows the value of the capital stock at current prices.

The less the utilisation of capital stock, the less will entrepreqeurs
be willing to invest, and'vice versa., In this contéxt, capacity should
not be taken to mean that level of output which corresponds to the maximum
technical utilisation, but that volume of output which cannot be exceeded
without a rise in the average total costs of firms, Output in excess of that
volume would probably make entrepreneurs consider an extension of the
existing capital stock profitable. As there was initially full employment
of labour, that is to say a kind of technical capacity limit set by the
labouf force, it cannot simply be assumed that full employmént level of
output corresponds to level of output capacity. Since this point is not
of great importance in the present context we can start from

(11:4) g

>

Al

pt
where qopt = productive capacity and g = output at full employment of
labour. In equation (11:2) the degree of capacity utilisation affects
the ﬁ"(q) of the function (11:2). This is illustrated by the following

function.



(11:5) fz}: } + ¥ (q - qopt)

provided that ?}" 2> 0,

By incorporating equations (11:3) and (11:5) in (11:2) and also in

(11:1) as written a-;?, , and taking the rate of interest as given, we
obtain the investment function
1.*(}1 1 pq - - ‘;
i . + i - H i d_u { -
g, LV VB e
- = ol - b

FONEE
which is valid when investment is non-negative. A notable feature of this
investment function is that investment falls to zero while g is still
positive.,

Let us reformulate the model by introducing an explicit marginal cost .
function into the equations., The complete model is as followss
(1) a=qn)
(II) mc = {:{q2 + 8
(III) p = me

(1) 3= (xa®+f)q

. ) A
(M v, = ) («e® 4 )
(vI) Ty = (g +/;>)' q - 5*{' (K u +l/55)du

2 ‘ ;.2 ]

(Vin) s =7 (xa” + ) a - (M - 1) 63(“ + ) - p

r “‘3! ;‘ g ?

: P 2 2

|7+ ¥y [(xa® +p)a -l (en? e pra) 2

(VIII) i = - - - 5 o L —
6K (& q” + /) ¢

]
[N

(1%) s



The model consists of a micro part gequations (I)—(III)E with (III) as
the equilibrium equation, and a macro part {equations (IV)—(IX)} with (IX)
as the equilibrium equation. With regard to the macro equations (VII) and
(VIiI) it should be noted that although investment and saving were assumed
to be functions of nominal variables, the output volume alone appears as
an explanatory variable,

It should be recalled that this model was designed for analysing the
effeét of an autonomous wage increase upon prices and éutput. But on the
strength of the proof presented in (7:1)=(7:9) we need not solve the whole
equilibrium system of nine unknowns and nine equations simultaneously. As
the effect of the wage increase, although appearing in the model as a shift
of the marginal cost function Eequation (II)E , can be disregarded in
connection with the functions i and s , we can split the model in a
simple, yet meaningful way. The volume of output (several possible equi-
libria) is determined by the macro equations (VII) and (VIII) and the
equilibrium equation (IX) so that we must now find out how the initial
reduction in output caused by the wage-rise, as derived from the micro
equations (II) and (III), affects the final level of output through the
functions 1 and 8. In other words, we are concerned with the form and
position of these functions in the initial situation and at lower output
levels,

By derivation of the saving function, we obtain

(12:1) g5 = gy + 7, )a” 7, /o

and

2
(12:2) i;% = (40(7)k + 20!'?W) q.
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It is evident at once that both derivatives are positive.

By derivation of the investment function1 we get

5o 2&‘?‘15 +(d - ¥ qopt)"" q4 + 4/5‘}’q3 + 3(?} —t,b'qopt)/% q2

(1233) g&' = % 2 5
da = Jek (cta” + f3)
and
2, 2 o "
(12:4) &2 }2&3 P @ 4 8w 2pig®

dq2 ) 3SK(x q2 +/5)4 L
| - 20 - W qopt)Dﬁ 2,/5‘ q5 + 18°<[52 \L q4

Y o297 + 12/55 Y g2

g w
+ 40 F Qopt”™ /

+ 6(’?} - Y, ) & BQ}

It is obvious from these equations that the sign of the expression
(‘*} - \gjf’ qopt) has a decisive influence on the signs of derivatives from
the investment function. Let us therefore elaborate function "jﬁ .
If ":\} = 1 and excess utilisation of capacity is assumed not to give rise

to expectations of profits more than double what they are at present, then

(13:1) -1 £ Y (q - qopJG) 1,

If ‘;"(c’i - qopt) = 1, then (g = full employment output)
(13:2) ¥ = TJ__s
q - q'OP't
and

3 q
- LN -4 _— - —_Ql-t—.
(13:3) " -y =1 - = .
q - q'Op‘b

As it is reasonable to assume that q < 2 qopt’ we may conclude that

(13:4) af - “"-!jqopt < 0.
1. . 2 (- ¥ qop“«:)qB + ot a .
TT3TEC . Ty

2 . a
oq + 5



- 11 -

On the basis of the inequality (13:4) we obtain

di >
(14:1) 352 O
when i ,
. 22“‘4'} 5 + 5»{, 3 -
=g’ + 3ftq < | ‘ |

It is obvious that when g rises above zero, %ﬁ may be negative,'but

as 1< 0, when g = O, then in the relevant range
a ,

aq = 0

(143:3)

because the 1eft‘member1 of the inequality is evidently an increasing
function of q.

From the inequality (13:4) we also find that

2
. a%i
(14:4) —5

dag

0

Al

dependent on whether

3

2%\13@*‘q8 + 8 2;@ 'Li’"jq6 + 18w B 2‘,[”04 + 12/.23 5 ‘!" q2 hS

(14:5) S Yq 3
'l t - 1 .
d2i ’
As for the second derivative, when q 1is greater than gzero, 5 may be
dg

positive. But as sufficiently high values for g make the left member of the

inequality (14:5) negative, which changes the direction of the ihequality,
2.

we can only conclude that when investment is positive, Q_% is either
dg

positive or first negative and subsequently, from some particular value of g
positive,
The immediate reduction in output due to a wage increase is obtained

by means of the equation

= , £
(15:1) B = (=q® + f) (1 + =Ty,
w

where p stands for the initial price level. Let us now consider this

(20tg® + 4 BV
uq2+ 35

1. This can be written
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p

output volume ¢ and the initial output volume as given by the 1 and s

functions.

ds ai dzs dzi
1. Assume that in the initial situvation = > == and —5 7?2 —5 .
dg ~ dq p) 2
dg dq
Let " denote the new equilibrium level of output (see Fig. 5a and 5b).
If > ™, then § is still the equilibrium position. If ¢f = ¢", ¢ is
the new equilibrium, and if qp< qm, production is cumulatively declining.
ds di d2s in
2, Assume that =— = = . Whea —= » —= (Fig. 6a and 6b), output
dg dg 2 2
o, oda dq
declines cumulatively. When Q;%:,Q_% 3 i still represents equilibrium
dg~ dq
a%i
(Fig. 6¢cp. though not necessarily if —5 becomes negative).
dg
ds di . m s s
3. Assume that aa < EE . In this case ¢ zrepresents the new equilibrium
dzi d2s
only if -=% > =— (Fig., 7). Otherwise output is cumulatively declining.
dq dg

On the basis of this specification it will be found that if stability
prevails in the initial situation, and the wage increase is moderate
(qp = qm), then full employment is maintained and the price level rises

according to the equation

-2 5 .AW
(15:2) p= (s + fA)(1 + =)
w
and &= B+ OF . Income distribution remains unchanged as was proved

D w
by equations (741)-(7:9).
In cases of non—stability1, the model only shows that the price level

falls, but it does not enable us to determine by how much.,

In some situations output may settle at a lower level (when stability

1. Including non-stability produced by a very strong wage increase.
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changes into non-stability, or vice versa). In such cases the price level

is
M2 Ly
(15:3) p= (& (a)+ B)(1 +—).
W
Here p E D dependent upon the extent of the output reduction. The corre-

sponding income distribution can be calculated by means of equations (V)
and (VI).

The investment and saving functions were constructed in such a way
that when output decreases, the change in income disfribution partly reduces
the willingness to invest, and partly increases the propensity to consume,
in addition to which the increase in non-utilisation of capacity also
weakens the willingness to invest, It is probable that consumers react
more rapidly to changes in their income than investors do to changes
in the cyclical situation because investment plans cannot be altered
so quickly. For this reason I am inclined to regard the stable conditions
represented in Fig. 5a, 5b and 6é¢ as being most probable.

Thus the question put at the beginning of this study can be answered,
within the framework of the model, as followss

1. A wage increase will produce a rise in workers' nominal wages,
but their real incomes will remain unchanged, because prices will rise
in the same proporiion as Wagesj. The total demand curve will be vertical
like curve D, in Fig. 8 (which relates to Fig. 1).

2. The more sensitive investors are to cyclical changes, and the
greater the wage increases, the more probable it is that output and employ-
ment fall off and that prices also fall eventually. Fig. 8 shows some

59 D5 and D4,

alternative demand curves, D the latter being purely hypothetical.

1. A final result compatible with the full-cost principle, and arrived at
by means of marginal analysis.
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