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Oligopolistic competition easily emerges in a world of perfect competition. In an environment with only
Marshallian firms that, in producing a specific commodity, all have the same set of possible production
and all maximize profits by balancing marginal revenues and marginal costs, Schumpeterian firms may
stand up. By starting to produce more efficiently they get market power over Marshallian firms and
become, by using their higher profits to expand the set of possible production, forceful drivers of
economic development.

This paper first recalls the neoclassical theory. Although it fails to identify efficient production, the
theory remains of importance. Just the interaction between Schumpeterian and Marshallian firms helps
in explaining why societies fall back in growth at times and have to cope with long lasting
unemployment. It enables to disentangle other complexities seen in reality as well and, inter alia, to
explain when and why entrepreneurial activity sometimes wait for political action or guidance.
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1. INTRODUCTION

Oligopolistic competition is usually seen as an example of imperfect competition due to the presumed
inherent less efficient production in comparison with perfect competition. Although classifying the real
world as neither perfectly competitive nor perfectly monopolistic, Samuelson (1973) stresses that, as
soon as we have imperfect competition in the real world, we have left the Garden of Eden: then, we
have to deal with how to minimize the inefficiencies involved in such imperfections. However,
Samuelson and many others eagerly admit that product differentiation or innovative firms that go
ahead in developing new products and production processes could make these inefficiencies less badly.

L This paper is a revised version of the paper On the Emergence of Oligopolistic Competition that your writer would have liked to present at
the EEA-ESEM conference in 2016. Your writer also refers eagerly to his paper Draft of Equilibrium — In pursuit of efficient production
which explains for a simple economy without capital how, contrary to neoclassical theory, firms can strive for efficient production and
therefore maximum profits in a direct competition with each other.



In contrast, this paper shows that oligopolistic competition frequently implies higher, not less
efficiency. It shows how oligopolistic competition quite naturally emerges in a market of perfect
competition in which all firms have the same developing set of production possibilities in producing the
same commodities, year after year. And in which all strive for a maximum profit by equalizing marginal
revenues and marginal costs. In such a world it is almost always possible for firms to attain higher levels
of efficiency. By their more efficient production these firms get market power over the firms that keep
producing in accordance with the principles of the neoclassical theory. The Schumpeterian firms may
therefore influence market prices and expand their market shares at the expense of Marshallian firms.

By their higher profits Schumpeterian firms are also especially equipped to come up with “neue
combinationen” or otherwise to expand the set of possible production. So, they may further strengthen
their position on the market. But how firms succeed in developing production technologies over time is
a question to be dealt with here only in passing. The paper primarily focuses on how profit
maximization by equalizing marginal revenues and marginal costs can indeed be surpassed by more
efficient and more profitable production. It does so by confining the analysis to the existing technology.

The way of thinking bears a slight resemblance to the Solow growth model, consistently seen from a
firm’s perspective. The literature usually makes a distinction between firms that, independently of time
and given the available inputs of labour and capital, maximize their profits on the one hand, and
consumers that decide whether to consume now or in the future on the other hand. On an aggregate
level higher savings of consumers are needed to enable higher investment and to provide for a higher
amount of capital that may induce a steady state with a higher rate of growth and a higher level of
efficiency.

The idea is quite simple as soon as one sees that Schumpeterian firms do not have to wait for the
higher savings of consumers but may take the lead towards higher levels of efficiency themselves. By
their higher profits they may even enforce the savings they need. However, it is not that easy.
Marshallian firms do not have the capabilities neither to see nor to attain these higher levels of
efficiency. And you too need some of the entrepreneurial capabilities of the Schumpeterian firms
yourselves to wrest from the neoclassical principles of equalizing marginal revenues and marginal costs.
But mathematics helps, although... By adhering too simple and disjointed mathematical concepts
together with too much eagerness to deliver appealing results mathematics in a way also helped the
neoclassical theory in moving itself on a dead-end track. A more integrated approach, however,
broadens the scope and rolls out new tracks for further progress.

The paper starts to describe the general structure of the economy based upon the set of possible
production, conceived as an aggregation of all production processes enabled by (combinations of) the
smallest indivisible units of capital, such as a hammer, a truck or a chemical plant. In describing these
possibilities we do not have to rely on assumptions that conflict with reality. The only assumption that
limits the set of possible production concerns the indispensability of labour.

Section 3 describes Marshallian production and proves the existence of an equilibrium in which no firm
can attract labour from another firm and all firms maximize their profits with a marginal product of
labour equal to its marginal costs. After an example to clarify why Marshallian production does not
necessarily imply efficient production, section 5 dwells more in depth on efficient production. While it
turns out to be independent of wages and prices, efficient production could only be defined by taking
account of time. This section shows how Schumpeterian firms quite naturally emerge and coexist along
with firms that continue their Marshallian production. Next, section 6 deals with oligopolistic
competition and the importance of entrepreneurship as a production factor besides capital and labour.
The concluding section 7 goes further into some of the economic and societal implications of
oligopolistic competition.



Before giving a glance at this broader perspective it must be underlined that capital formation will
almost always be below its optimal level. Sometimes, economies seem to suffer from overinvestment
and overcapacity with capital, financial capital, abundantly available. But such stages of economic
development call for a comparison with two communities separated by a river which economically
grow to each other but would really benefit as soon as both are joined by a bridge. As soon as building
a bridge becomes part of the production possibilities, firms on both sides of the river may however
postpone their investment activities awaiting whether and when the bridge will actually be build. As
long as both communities keep talking, firms may hesitate to adapt their investment to the awakening
future, while their stagnant investment provides capacity for building the bridge at the same time.
Watersheds between communities have many appearances. The present worldwide low real interest
rates indicate another watershed far more difficult to solve than just by building a bridge. Consolidation
of Schumpeterian firms that induces contraction of Marshallian firms may give rise to long-lasting
periods of unemployment and darken passable roads towards sustainable growth. But before putting
the finger on the need for governments to take the lead in paving the way for new investments and
open new ages of prosperity, we first have to establish some economic fundamentals, based upon the
development of the production possibilities and the velocity by which they are exploited.

Further attention to theoretical issues is also required, because the question how the production
possibilities develop over time brings back on the agenda the question pointedly put forward by
Ricardo: how could we derive from the price formation shown by the markets where, in which specific
part of the set of production possibilities changes have occurred? Ricardo kept wrestling with this
problem of how to measure the pattern of technical (and technological) change until his dead. The
difficulties — arising from the distribution of income between labourers and capital owners, which
almost found a solution in his correspondence with Malthus —were, however, prematurely seen as
‘solved’ when McCulloch introduced his frontrunner of the neoclassical production function. With work
to be done section 7 will also close.

2. GENERAL STRUCTURE OF THE ECONOMY

The economy E consists of firms that produce a finite number of commodities i, i = 1,...,n, in successive
periods of time t. Initially we assume that the firms producing commodity i are identical. The
production of commodities takes place in production processes enabled by the capital that firms
possess. Each capital structure C! enables a variety of production processes k, k = 1,...,m, while each
production process itself describes the output of commaodities in relation to the input of commodities,
together with the input of labour, supplied by households. So, capital Cf, initially also supplied by
households, defines for the production of commaodity i up to m production processes (A, Xk, Yii')
where

At is a nonnegative scalar, representing the use of homogenous labour,
Xit an n-dimensional nonnegative input vector of intermediate consumption, and
Vi an n-dimensional nonnegative output vector.

All technologically possible production processes for commodity i enabled by capital Cf build up m
production technology sets T'. The assumptions on T are as follows:

ASSUMPTION 1: (Ad', X', yii) € Tit and At = 0 imply yii* = 0. Labour is indispensable.
ASSUMPTION 2: T is compact, which means that T4 is closed and bounded.



ASSUMPTION 3: viii' = 0 for every kj # ki. No joint production.
ASSUMPTION 4: (A, X, vii) € Tt and ut >xid', yiit = ziit =0 implies (A, uii', zi') € Ti. Free
disposability.

These assumptions reflect reality. Compactness results from indispensable labour. As stated by
Georgescu-Roegen (1966), compactness has to be assumed if “labour, while an indispensable factor in
production of any commodity, can be substituted by other factors beyond any limit”. Such a
substitution clearly conflicts with reality. The closedness of Tif implies that if a sequence of possible
production processes approaches to (I, X', yic') then (I, xi', yi') € Ti!. Because convexity is not
assumed, T may involve increasing returns to scale. The implicit assumption of homogenous labour is
not essential. But admitting heterogeneous labour would make the analysis far more complex.

Each capital structure C/ consists of commodities produced in earlier periods ts (ts = 1,...,s), and could
be described by a matrix as shown by equation (1). This equation also shows that the capital structure
is exposed to wear and tear. In order to maintain the productive capabilities it could be necessary in
each period t to undo the depreciation &' of capital component ¢ "2 by investment iy
Disinvestments are also possible. So, the development over time is described by
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The development of capital that represents a hammer is quite simple. But a truck may already consist
of over hundred different replaceable commodities. In determining the development of capital over
time, the investments also determine to a large extent how the production technology sets develop
over time. The union of all sets Ty’ defines the overall technology set of the firms that produce
commodity i at period t,

Tf = Uk Tiz,

which consists of production processes
(Af L'yl) Z 1(Akuxlii'y'1€i)'

For reasons of simplicity, we will use from now production process (A/, x, yi) to represent all possible
production processes that belong to the set T/.

The total technology set of the economy is defined by the union of the sets T}

Tt = U;T}.
It should be stressed that all production technology sets are based upon the capital they use. For this
capital also holds

ct=U;Cl.

By supplying firms with labour the households get a wage w' per unit labour in return. This enables
them to buy commodities for an amount of w' A'. The commodities are priced with price vector p'. The
firms that hires labour to perform production process (A’ x', y') € T* will make a profit equal to p* (y* -
x) —w' Al Because T'is compact this profit has a maximum.

In less advanced stages of an economy households also provide firms with capital C'. The firms pay the
households an average profit rate over the value of the capital they use. In competitive markets the
supply of both labour and capital will be rewarded by wages and profit rates that are the same in all
firms.

To determine the profit rate, it is sufficient to look at the production processes that use brand new



capital. Because capital can be used flexibly here, competition will ensure that every use of capital is
equally profitable. So, for each production process (A’, x', y') e T' the profit rate follows from

g = BT ) )
Xipthig;

The value V™"t of this capital will thus be equal to 5; p™ iz#2. The profit rate makes it possible to
determine the value of the previously installed capital

poldt — Xita 2T=z(Pt(yl§i‘xlii)‘thltci)_ (3)

t
Trate

This value will reflect the technological progress that newly produced capital may bring about. More
efficient production with less input of labour or less intermediate inputs to produce one unit of output
will make more recently installed capital more profitable. This can be reflected in a higher rate of profit,
but often also in a lower value of previously installed capital. This value eventually drops to zero as
soon as capital can no longer produce profitably.

For each production technology set T we define a set of wage-price vectors P/ that enable profitable
production:

Pf ={(w',p") € R™*"|3 (A, xip vii) € TS = (P (¥, — xfu) — w'a;) = 0}

The set wage-price vectors P’ that enable all firms to produce with its production processes in a
profitable way follows from the intersection
Pt - UiPit.

Conversely, by having P;* we are also able to restrict the sets T/, which consists of the production
processes as we have seen earlier
t ot ot) t .t ot
(Ai:xi:%') = Z;cn=1(lki'xki'Yki)'
to sets of profitable production processes only. So, we define

TS = {(26xf,yf) € THawh pY) € Pf and 3k: (p'(yi, — xf;) — w'ay,) = 0}

Moreover, within the compact sets T:.' we could define the production processes that provide a
maximum profit for any allowed vector (W', p'). So,

Timax = {20 %0, i) € T4 3w, p*) € Pf - MAX(Zi(p* (V) — %ia) — w'2i))}

The total set T.! of profitable production within the economy follows from the union of the sets T.". For
each vector (W', p') € P' there exists a profit rate rt.4.' determined by formulae (2). So, we also have an
extended set Ps' which contains the vectors (W', e, p') for all (W', p') € P

In addition we discern the set Y.." of the net output of commodity i that firms could produce profitable
with the available labour:

Yh ={(yf — x5 20| Zu(Ahi ki vE:) € TH ).

The union of all sets Y.." defines the set Y.! describing the net output of commodities that could be
produced profitably by the economy with total labour input A". The economy Eis called productive if
the profitable net output of Y.! has a positive value for at least one commodity /.

The commodities that could be produced with the input of labour on a profitable way, should meet the
demand for those commaodities from the households deriving income from their supply of labour and
possibly also of capital. So, for any combination of w' and ..’ the households get an income equal to
WAL+ gt VEin return for their supply of labour and capital in period t.



The possible choices of the households with regard of demand and supply are given by
X5 = {(d5,2) € RM VWS, lgpe, p¥) € PE: ptd'< wiAl + mhe, V')

This set includes for any vector (W', m.t, p') € P the preferred demand for commodities and supply of
labour that gives household h the greatest satisfaction. For reasons that become clear in the proof of
theorem 1 we add another assumption which does not conflict with reality either.

ASSUMPTION 5: No commodity is indispensable. Above a certain price level the preferred
demand for each commodity i will become zero.

Let y, be the function that according to Debreu? enables to identify for any (W', mtyaee’, p') € Ps' the most
preferred combination (df, A). Then we could define

x4, ={(a5,2%) € X{|V(wt, mlgee, p®) € P MAX (y,(d,29)}.

The corresponding set of wage-profit-price vectors follows from the inverse of . So,

P = {(W', Thare p*) € PE|V(d%,2%) € XEy + MAX (v W', hage, 1))}

The close relation between P,* and Py’ secures that demand and supply could meet each other. So,
people who are only willing to offer labour against exceptional prices are excluded from participation in
the economy, unless they are involved in, for instance, entertainment production processes for which
other households are willing to pay those exceptional prices.

3. MARSHALLIAN PRODUCTION

The sets of both total preferred demand X, and total profitable supply of commodities Y./, as defined
for any vector (W', mwte’, p') € Pa' N P4, suggest that only those vectors (W', mrate’, p°) for which the
intersection of the corresponding demand and supply sets is not empty, could possibly equilibrate
supply and demand.

Before proving the existence of such equilibrium we first describe the profit maximizing behaviour in
more detail. The profits of firms that produce one commodity may deviate from the profits of firms in
producing other commodities. Both the profit rate on new capital and the value of old capital could
hardly be determined in reality. So, the owners of capital have to rely on what the markets think that
the profit rate would be. They may than contribute to an equilibrating process by providing relatively
more capital to the more profitable firms. From the perspective of the firms, however, it may be more
relevant to look at the differences in profits provided by their least profitable production processes. If
those profits vary from one commodity to another, these production processes would clearly not be
stable according to the neoclassical theory. The marginal product of labour in producing one
commodity would then under the prevailing wage-price vector exceed the marginal product of labour
in producing another commodity. To describe this in more detail we first define profit maximizing firms.

DEFINITION 1
A firm that, under the prevailing wage-price vector, uses each production process it possesses up to

2 Op. cit., p. 65 and next.



its maximum profit potential is called a profit maximizing firm.

Next, we assume that the profit maximizing firms producing commodity i will expand their production
and so their profits, as long as their marginal product of labour MPL! is higher than the prevailing wage
rate. This marginal product could be derived within the set T;max from a comparison with the profit
maximizing production y{ — x/ in view of the prevailing vector (w', p') and the profit maximizing
production y’f — x’ which results under the same wage-price vector in case of the available labour is
diminished by one unit, for instance one hour. So, the marginal product of this unit labour is defined by
p (yf —xp) —w'af = p'(y{* — x{") — (w'Af — MPLY)
which implies

MPL; = pt (yi =yt = (xt = x))

As long as MPL! exceeds w' the production processes of commodity i could expand their production by
taking over labour from other production processes. At the same time the prevailing wage-price vector
will continuously adjust to the changing division of labour. So, a convergence process emerges in which
MPL} approaches w' for each production technology i.

However, the marginal product of labour is not easily observable. In the reality we see firms in case of
relatively high profits striving for even higher profits by taking over labour from other firms. Therefore,
we also look to the least profitable production processes in producing each commodity i as can be
determined for each vector (W, p') € P! within the set Timax'. That means

LPT yy = {(Agrxitr%t) € TitMAX|v(thpt) € P/ and 3k: MIN (pt(ylta- - xltci) - Wtﬂii)}-

This set facilitates the description of the convergence of the marginal product of labour towards an
equilibrium wage. We therefore use the following lemma.

LEMMA 1

The marginal product of labour MPL! approaches an equilibrium wage w' if and only if the profit of the
least profitable production processes (A, X', yii) € LPTimi' in producing each commodity i approaches
to zero.

Proof:

In order to show that MPL! — w' if and only if profit (p* (yi' — x«') — w' Ax') — 0 for the production
processes belonging to the set LPT; mn' we firstly show that w' = MPL/ implies a profit equal to zero. If,
in case of adding units of labour, the profit remains higher than zero, this would imply some
undistributed profits. This contradicts the definition of the marginal productivity of the last added
labour unit which in the set LPT; s’ cannot be higher than wage w'.

Secondly, a profit equal to zero must imply MPL} = w'. This equality results from the fall to zero in the
value of the capital that accompanies the falling profit. If additional units of labour would induce prices
that enhance the value of the capital, than wage w' must become lower than the marginal productivity
of labour in order to have a profit equal to zero. This also contradicts the definition of marginal
productivity.

Q.E.D.

Lemma 1 helps describe stable production by the following definitions.



DEFINITION 2
Under the prevailing wage-price vector (W', p') the profit maximizing firms that possess the production
processes of commodity i can take over labour from the firms that produce commaodity j, j # i, if for
their least profitable production processes (A", xi', yi') € LPTim' and (A, X', yii') € LPTjnm', holds
that (p* (yi' — xi') = W' A®) > (p (yis* = Xi') — W' Aif).
DEFINITION 3
Economy Eis called stable in relation to a wage-profit-price vector if under this vector no group of
profit maximizing firms producing one commodity can take over labour from another group producing
another commodity.
DEFINITION 4
A transaction p'd' = w' A" + m.qee' V! is called a Marshallian equilibrium if
1. the economy is stable in relation to the wage-profit-price vector (W', 1’ p*), and
2. the preferred demand vector d' is nonnegative and belongs to the set T.! of all

profitable net output vectors.

The clarity of the concepts that define the set of profitable production, the subset with maximum
profits and within this subset the set of the least profitable production processes does already image
how these sets in interaction with a changing wage-price vector evolve towards a Marshallian
equilibrium. The following theorem, known as the theorem of Kuratowski, Knaster and Mazurkiewicz
(see Berge (1965) and Kuratowski (1966)), accounts for the core of the proof that a Marshallian
equilibrium exists indeed.

If Aq,...,An are (n+1) closed sets in simplex S such that each face pi...pik (0 <k <n) of the simplex
satisfies

p,'o...p,‘kG‘\,‘oL/... CAik
then AoN... M=,

A corollary of this theorem got an earlier application in the preliminary proof of fair net trades by
Schmeidler and Vind (1970), although they changed their proof later on (see Schmeidler and Vind
(1972).

THEOREM 1 (Marshallian equilibrium)

Let economy E be productive. Then there exists a Marshallian equilibrium pd* = w' A* + 1.4ee' VF in which
w' equals the marginal product of labour within each group of firms producing one of the commodities
i of the economy, and in which the profit of each group equals 74" V1.

Proof:
The equilibrium transaction must be found in both Y = Y.t 1 Xa!and Ps = P 1 P4t. Both sets are not
empty because the economy is productive. From Pt we derive P by leaving mtqee’ out of consideration.
Because Yt could be decomposed in n sets Y;" which consists of k production processes that produce
commodity i we could define

Tif ={(vf —x,20) e it

v(w',p") € P*t and vk: (p'(y!, —x};) —w'a};) =0}

T ax = {(vf — x5, 2F) e TiE[v(wt, pt) € Pt MAX(Zi(p (e, — xki) — W'Aiy))}
And
LPT }yn = {(th - xf:/ﬁ) € Ti*IE/IAX|V(Wt'pt) € P** and 3k: MIN (pt(ylta' - xltci) - W%lta')}-

In order to consider whether the wage-price vectors in P* support stable production, we define for the
least profitable production process within LPT;pn™ of each commodity i the set



Mt =

i

{wh,p*) € P13 (yf — x{,A}) € LPT{fyy and Vj # i a(y]'t - xf, Aﬁ) ET: (Pt(%ﬁj - xltcj) - thlt(j) = (p" iy — X)) — Wi AR

The wage-price vectors of transactions that are a Marshallian equilibrium have to belong to the
intersection of all M}. Before proving that m;M is nonempty, we first show that u;M = P™.

By the compactness of T;." the profit function of Timax ™ reaches a maximum for every (W', p‘)
supporting ;.. Equally, each profit maximizing production has always a least profitable production
process. Because U; it = Y™, we know that the intersection of all M/ equals P™.

Next we embed P in the simplex S,
S={seR"s=(s),Tr,st=1,vi:s' >0},
with S; the /*" face for each i &1. So,
S; = {s € s|st = 0}.
Let h be the transformation of P™ into S such that for each (W', p!) e P™

h(wt,pt) = [Z7, (pt (vt — xf) —weat)] ™

This transformation is continuous, because the function h' from P to R’ such that h' (W, p¥) = (p* (v —
xi) —wt Af), is continuous. It can also easily be seen that h™(S) = P, because by the assumption of free
disposability d is admitted to be less than d"* so that for one or more i, but not all, (p* (yf — x!) — w* A})
—>0if (y,-t —Xit) —0.

Next we transform all subsets M/ of P*tinto S. The closedness of M/ implies that h(M;) is closed in S.
Moreover, h(M}) 5S; because (p* (yif — xi') — w' Aif) = (p* (yi — xi') — w' Af) for each ii = i, while
assumption 6 enables that (p* (y! — xi) — w' Af) = 0if (yf — x!) — 0. Therefore, we have for each
commodity i a closed set which includes S;. Because the intersection of these closed sets is equal to S,
we know by the theorem of Kuratowski, Knaster and Mazurkiewicz that Mie; h(M}') = &

Next we prove that within a Marshallian equilibrium wage w' equals the marginal productivity MPL} of
the least profitable production processes producing each commodity. By lemma 1 we know that MPL!
— whif and only if the profit (p* (v — xi) — w' Al') — O for all production processes belonging to the set
LPTimax'. This wage w' must be equal to the equilibrium wage for all the least profitable production
processes producing all commodities. Otherwise, there would be a contradiction with the stability
requirement.

Finally, the profits of all firms that produce commaodities i with brand new capital only, have to
determine an equal profit rate 7.4t over the value of their capital. A not equalizing profit rate would
clearly conflict with the stability requirement. The production processes with brand new capital only
will also be the least profitable ones. So, if the profit potential of such a firm is not fully exploited, it can
take over labour from another firm. Otherwise, the household could benefit from a redistribution of
their supply of capital to the firms.

Q.E.D.

The proof of existence of a Marshallian equilibrium among each group of firms producing one of the
commodities of the economy, evidently also implies the existence of an equilibrium within groups of
firms producing similar commodities, shoes for instance, that are distinguishable from firm to firm.
However, we are also able to define Marshallian production that is related to the individual firms of
each group. This will help to describe firm behaviour in more detail, more independent of the suppliers
of capital.



DEFINITION 5

Firms that maximize profits under the prevailing wage-price vector (W', p*) are called Marshallian firms
if they keep their production processes, as defined by the capital they possess, in operation as long as
the marginal product of labour on this capital is higher or equal to wage w'. The production of these
firms is called Marshallian production.

Evidently, Marshallian production is a sine qua non of a Marshallian equilibrium and implies a kind of
weak efficiency, as we will see more clearly later on. However, many transactions that are clearly not
Marshallian equilibria could still involve Marshallian production. Especially in such situations the
following theorem is relevant to identify weak efficiency in describing firm behaviour.

THEOREM 2 (Marshallian production)

If under the prevailing wage-price vector (W', p¥) all labour demand can be met, no firm can attain
higher levels of profitable production with the capital it possesses, than the levels defined by
Marshallian production.

Proof:

For any given a wage-price vector (W, p') € P;* the set T, contains all profitable production processes k,
made possible by capital Cf that belongs to the firms producing commodity i. Within this set we have
defined the set T; max’ which contains the single production processes k that provide a maximum profit.
And within T;max’ the least profitable production processes are defined by

LPT{ vy = {(A %0, ¥i) € Timax|YwW',p*) € P and 3k: MIN (p'(yj,; — Xia) — w'diy)}.

Evidently, the production processes in which the marginal product of labour equals, or almost equals

wage w', belong to the set LPT; yn'. The maximum profit of the Marshallian production MP;"is defined
by the summation of all maximum profits provided by the production processes k that are allowed by
capital C. So,

MP} = i (P (v — %ki) — Wil (Akss %ki Vi) € Thapax)-

By using all its capital C/, the firms producing commaodity i cannot attain a higher profit than MP/, and
by consequence also not a higher level of production.
Q.E.D.

We need these concepts of Marshallian firms and Marshallian production in order to focus on firms
that provide labourers with wage income and capital owners with capital income. Decisions how to
maintain existing capital or how to invest in new capital are not necessarily reserved to the owners of
capital only, but may indeed also be made by the firms themselves. Therefore, we are going to analyse
firms in their capacity to provide capital owners with a capital income that they can just use to
consume commodities as wage earners use their income for consumption.
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4. INTERMEZZO

In the less advanced economies that we have analysed so far capital formation only depends on
households that decide whether to consume or to invest their resources. Firms do not play an active
role: they just lend all the capital they need from households. Capital that consists of commodities
bought by households, including the commodities with which households extend or maintain the
capital they have already lent to firms. Therefore, it is hardly necessary to make a distinction between
commodities bought by households for investment or consumption purposes.

In more advanced economies firms start to operate more independently of households, with more
complex financing structures that may consist of both bonds provided by households and shares by
which household may benefit from more risky firm activities. But more importantly, firms may start to
determine their own investment strategies. Evidently, they may pursue similar strategies as performed
by households: they may be willing to use earlier installed capital as long as it provides a non-negative
profit. So, Marshallian production may still prevail, but —as we will see —firms may also conduct a more
profitable investment strategy.

A simple two-sector economy unveils the core of what we call Schumpeterian production. The first
sector produces only investment goods. Initially, it produces each year the same amount of machinery
with the same 10 units of labour, without using any capital. The second sector only produces
consumption goods with capital delivered from the first sector. In the first year of its operation
machinery requires 5 units of labour to produce consumption goods with a value of 8. As machinery
becomes older each year an additional labour input of 0.2 units is needed to produce the same
production value. Moreover we assume that one unit of labour is rewarded by consumption goods with
a value of 1. Table 1 describes the production technology set of the second sector with all production
processes set out in rows according to the age of their capital.

Table 1 Production technology of consumption sector
AVAILABLE PRODUCTION PROCESSES BY AGE OF CAPITAL
Age of Capital Production Labour Profit Profit Capital Capital Capital
capital  value value costs rate replacement income income
by age reserve rate

(=3-4) (=5/2) (=5-7) (=8/2)

1 2 3 4 5 6 7 8 9
0 10.00 8 5 3 0.3 1.25 1.75 0.175
1 9.33 8 5.2 2.8 0.3 1.17 1.63 0.175
2 8.67 8 54 2.6 0.3 1.08 1.52 0.175
3 8.00 8 5.6 24 0.3 1.00 1.40 0.175
4 7.33 8 5.8 2.2 0.3 0.92 1.28 0.175
5 6.67 8 6 2 0.3 0.83 1.17 0.175
6 6.00 8 6.2 1.8 0.3 0.75 1.05 0.175
7 5.33 8 6.4 1.6 0.3 0.67 0.93 0.175
8 4.67 8 6.6 14 0.3 0.58 0.82 0.175
9 4.00 8 6.8 1.2 0.3 0.50 0.70 0.175
10 3.33 8 7 1 0.3 0.42 0.58 0.175
11 2.67 8 7.2 0.8 0.3 0.33 0.47 0.175
12 2.00 8 7.4 0.6 0.3 0.25 0.35 0.175
13 1.33 8 7.6 0.4 0.3 0.17 0.23 0.175
14 0.67 8 7.8 0.2 0.3 0.08 0.12 0.175

15 0 8 8 0 0 0 0 0
3 0-15 80 128 104 24 0.3 10.00 14 0.175

Column 2 of table 1 shows the decreasing value of the invested capital as could be derived from the
value of brand new capital according to the equations (2) and (3). For instance, capital of one year old
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gets a value 9.33 (=((8-5.2)/0.3). After 15 years of operation the capital value becomes zero. So, if the
consumption sector both adheres the principles of Marshallian production and enjoys a sufficient
supply of labour, it will replace machinery after 16 years of operation. In case of a yearly depreciation
of 12.5 per cent of the value of its capital total depreciation — the ‘capital replacement reserve’ of table
1 - allows a yearly investment of machinery with a value of 10. Marshallian production results by this
investment in a steady state as shown in the last row of table 1 with a capital income of 14 for the
capital owners.

The steady state, as shown by the last row of table 1, is showed again by the last row of table 2. This
last row shows that capital will be replaced after 15 year. In the penultimate row the replacement of
capital takes place after 14 year. And so on. Table 2 gives alternative production strategies
characterized by the same yearly investment but with varying age of replacement of capital. The
comparison of steady states in table 2 shows that Marshallian production results indeed in the highest
level of profitable production —as stated by theorem 2 — as long as labour is not a binding factor.

In case of a steady state with an earlier replacement of capital the depreciation rate of capital needs to
be higher in order to be able to invest the yearly amount of 10 that is needed for maintaining the
steady state. By these relatively higher investment levels total profit and capital income diminish the
more as the machinery is replaced earlier. The capital income rate becomes even negative in case of a
very fast replacement.

Table 2 Steady states, all with a yearly fixed investment of 10, while the age of replacement
of capital varies from 1 to 16 year

SECTOR 2: PRODUCTION PROCESSES (TABLE 1) ADDED UP TO AGE OF CAPITAL REPLACEMENT
Age of Total Total Total Total Profit  Depreciation  Capital Total Capital
capital capital production labour profit rate rate replacement capital income
replacement  value value costs reserve income rate
(=3-4) (=5/2) (=5-8) (=9/2)
1 2 3 4 5 6 7 8 9 10
0
1 10.00 8 5 3 0.3 1.000 10 -7.00 -0.700
2 19.33 16 10.2 5.8 0.3 0.517 10 -4.20 -0.217
3 28.00 24 15.6 8.4 0.3 0.357 10 -1.60 -0.057
4 36.00 32 21.2 10.8 0.3 0.278 10 0.80 0.022
5 43.33 40 27 13 0.3 0.231 10 3.00 0.069
6 50.00 48 33 15 0.3 0.200 10 5.00 0.100
7 56.00 56 39.2 16.8 0.3 0.179 10 6.80 0.121
8 61.33 64 45.6 18.4 0.3 0.163 10 8.40 0.137
9 66.00 72 52.2 19.8 0.3 0.152 10 9.80 0.148
10 70.00 80 59 21 0.3 0.143 10 11.00 0.157
11 73.33 88 66 22 0.3 0.136 10 12.00 0.164
12 76.00 96 73.2 22.8 0.3 0.132 10 12.80 0.168
13 78.00 104 80.6 23.4 0.3 0.128 10 13.40 0.172
14 79.33 112 88.2 23.8 0.3 0.126 10 13.80 0.174
15 80.00 120 96 24 0.3 0.125 10 14.00 0.175
16 80.00 128 104 24 0.3 0.125 10 14.00 0.175

In this table and also in table 3 it is assumed that machinery, once replaced, has no longer any value, even if the
machinery still allows profitable production. Selling still profitable machinery to other firms will transform each
steady state into the Marshallian steady state of the last row.

However, in table 3 we concentrate on steady states that are able to produce each year the same
amount of consumption goods. Both the depreciation rate and the profit or the capital income rate
show no difference from table 2, but total capital income reaches a maximum of 17.6 in case machinery
is replaced after 10 years of operation as shown by column 8. With this investment strategy the two-
sector economy could reproduce itself not only with a maximum capital income but also with a
minimum of required labour:16 units in sector 1 and 94 in sector 2.

All other steady states require more labour input to produce a consumption value of 128 and deliver
lower capital income. The Marshallian steady state requires 114 unit of labour input to generate a net
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profit of 14. Although its capital income rate of 17.5 percent is higher than the rate of 15.7 per cent
that arises in the most profitable steady state. This illustrates that as long as labour is not a binding
factor, Marshallian production remains profitable. But, as we will see, this does not prevent
Schumpeterian firms to benefit from the wage rate determined by Marshallian production and to
realize higher capital income by producing more efficiently.

Table 3 Steady states with fixed production and varying investment levels
SECTOR 2: PRODUCTION PROCESSES BY AGE OF CAPITAL REPLACEMENT WITH FIXED PRODUCTION
Age of Total Total Total Total Profit ~ Depreciation  Capital Total Capital
capital capital production labour profit rate rate replacement capital income
replacement  value value costs reserve income rate
(=3-4) (=5/2) (=5-8) (=9/2)
1 2 3 4 5 6 7 8 9 10
0
1 160.00 128 80 48 0.3 1.000 160.00 -112.00 -0.700
2 154.67 128 82 46.4 0.3 0.517 80.00 -33.60 -0.217
3 149.33 128 83 448 0.3 0.357 53.33 -8.53 -0.057
4 144.00 128 85 43.2 0.3 0.278 40.00 3.20 0.022
5 138.67 128 86 41.6 0.3 0.231 32.00 9.60 0.069
6 133.33 128 88 40 0.3 0.200 26.67 13.33 0.100
7 128.00 128 90 38.4 0.3 0.179 22.86 15.54 0.121
8 122.67 128 91 36.8 0.3 0.163 20.00 16.80 0.137
9 117.33 128 93 35.2 0.3 0.152 17.78 17.42 0.148
10 112.00 128 94 33.6 0.3 0.143 16.00 17.60 0.157
11 106.67 128 96 32 0.3 0.136 14.55 17.45 0.164
12 101.33 128 98 304 0.3 0.132 13.33 17.07 0.168
13 96.00 128 99 28.8 0.3 0.128 12.31 16.49 0.172
14 90.67 128 101 27.2 0.3 0.126 11.43 15.77 0.174
15 85.33 128 102 25.6 0.3 0.125 10.67 14.93 0.175
16 80.00 128 104 24 0.3 0.125 10.00 14.00 0.175

Tables like this already have a long history. Von Béhm-Bawerk (1888) used them for instance to illustrate the
optimal choice of production processes yielding the highest profit when the wage rate is given.

Figure 1 gives an overview of all possible steady states, shown in table 3, with production and
consumption expressed per unit of labour and compared with both the age of the oldest capital in use
and the investment level per unit of labour.

Figure 1 Production and consumption per labour unit in a two-sector economy
sector 2 sector1+2
1.6 4 1.6 -
marginal product
15 1 15 - ginatp -
N . e
14 4 oo marginal product 14 4 et
13 - 13 - o ,
- total production
1.2 1.2 4 7
1.1 A 1.1 -
14 1 -
09 - 09 1 consumption
0.8 T T T T T T 1 0.8 T T T
2 4 6 8 10 12 14 16 0.08 0.18 0.28 0.38
age oldest machinery investment per labourer

The left panel shows how the production of the consumption sector initially rises when replacement of
machinery is postponed, but also how it starts to drop after its optimum at a replacement at 10 years.
Besides it shows the steadily decreasing marginal product of labour on the oldest machinery in
operation, until it reaches the wage rate which is equal to 1. The right panel starts with a marginal
product equal to 1. The production of consumption commodities goes up with the investment level per
unit of labour in the consumption sector until this level reaches a value of 0.17. Thereafter, a further
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rise of the investment level is accompanied by lower consumption.

In accordance with the Solow growth model figure 1 suggests that an optimal use of the production
technology should obey the Golden Rule of Accumulation and coincides with Marshallian production if
and only if the reward of labour equals the total net production. But in reality we hardly see ever
increasing labour income shares that leaves less and less room for consumption to the owners of
capital. On the contrary, recent decades rather show an increase in capital income shares from country
to country. By shortages in the supply of physical capital the profit rates are frequently above zero. To
explain these developments we first must see how in a world of Marshallian production some, but not
all, firms may start to produce more efficiently by choosing their own investment strategies. By their
higher levels of efficiency and profitability they get market power over the firms that keep producing in
accordance with the neoclassical principles of equalizing marginal costs and marginal revenues. As we
will see, the relatively high profit rates linked up with Marshallian production do not hamper the
emergence of Schumpeterian firms, even if the capital income rates on their invested capital stick at
lower values.

5. EFFICIENT PRODUCTION

The last paragraph gives some colour to Schumpeterian production, but also points to a resemblance
with the Solow-growth model. By this model we know that raising the investment level per unit of
labour could bring us to a situation in which, according to the Golden Rule of Accumulation, the net
output per unit of labour reaches a maximum. In the Solow-growth model this situation will also be a
Marshallian equilibrium with a capital income equal to zero.

By investing more from their revenue as supplier of labour and capital households may contribute to a
more optimal relation between capital and labour. However, as the supply of capital relative to labour
rises, labour would gain from its higher marginal productivity, while the capital income rate diminishes.

So, it seems that the owners of capital do not have much interest in supplying more capital. One should
yet be aware of the simplifications behind the Solow-growth model, which only looks at a stylized
relationship between the production factors labour and capital, without taking into account for
instance the driving forces towards more efficient production as turn out from the production
processes that succeed each other. The growth of total production should by analysed in relation to a
supply of labour over time and an ever changing capital formation.

So, before looking at the emergence of Schumpeterian firms we should know how to identify efficient
production. We investigate efficient production in the context of the sets that describe the actual
production processes against the background of the development of all possible production processes.
First, we are going to prove that positive profits over a sequence of periods implies that the production
technology does not remain constant over time but develops as a result of an ever changing
productivity. By wear and tear the productivity may diminish as capital becomes older, but the renewal
of capital frequently implies on balance a steady increase in productivity®.

3 Productivity may rise as new capital asks for less labour and/or less intermediary input to produce one unit output. However, productivity
of new capital may also become less, for instance if it takes more effort to win additional quantities of oil. The price of oil will then be
determined by the new well that asks for much more effort and capital.
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LEMMA 2:

Each sequence of Marshallian equilibria with profits that remain positive, has a production technology
that changes over time, induced by the arrival of new or renewed production processes that are more
or less productive in comparison with the other still profitable production processes.

Proof:
Among all profitable production processes we define the set that contains the processes that produce
commodity i with the highest profit:

Thi max = {(lg'xit'Yit) € Tit+|V(Wt:pt) € Pt and 3k : MAX(pt(y]td - xlta) - Wt’ﬁi)}

Suppose that the production technology does not change over time. This would mean that new or
renewed production processes for commodity i should always be equally profitable as the existing
production processes. In that case, the set Timax' should also be equal to the set with the least
profitable production processes of T; max’, which is:

LPT yyy = {(lf,xf,yit) € TitMAX|v(thpt) € P/ and 3k: MIN (pt(yltd - xltci) - Wtﬂii)}-

From lemma 1 we know that a Marshallian wage w' approaches to the marginal product of labour MPL}
if and only if the profit of the least profitable production process approaches to zero. So, as we have a
sequence of Marshallian equilibria, all production processes would have a zero profit in case of a
production technology that does not change over time. By contradiction, a positive profit implies
differences between the sets Tiimax' and LPT; v’ , which implies a changing production technology over
time.

Q.E.D.

Next we ask ourselves to whom the benefits of the increased production are due. Are productivity
gains as a consequence of a changing production technology over time gathered by the suppliers of
labour or those of capital? In a simple model it may clear that labour gains in case of a rising amount of
capital per unit of labour from a rising marginal productivity of labour. But in reality we have seen
expanding production technologies with rising investment levels frequently accompanied by a rising
labour supply, for instance as a result of labour migration from rural areas to industrial cities.
Frequently we also see varying levels of unemployed labour supply. The dynamic interactions between
these developments make the answer to who may claim the benefits of a steadily or irregular
increasing production less obvious. We should therefore in principle reckon with all kind of paths along
which societies can develop. However, for the sake of simplicity we leave profits that consist of rent
income out of consideration. Rent income may originate for instance from the scarcity of fertile land or
of raw materials such as oil.

So, we start with a certain point in time. As investments determine the development of capital over
time, they may also determine to a large extent how the production technology set develops over time.
To be able to account for production processes that change over time we focus on capital income
available for consumption by capital owners as defined by p* (v — xi — i) = w' Af, (W', p') € P!, instead of
profit p* (yi — x') — w' A}. Moreover, we redefine the supply set of profitable produced net output Y.' by
replacing y«' — x«* with yif — xi' — i’ for all production processes involved in the production of each
commodity i in a finite period t, t = 0,..., N:

Yii = {(th - xit - lflf)l Ek(lfci:xﬁi'l’ﬁi) € Tit+ and Cit = ¢i(cit_1' if_l)}-
This redefinition, evidently, also affects the set Y.! as follows from:

Yf=U; Y.
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Within the set Y." we could discern a whole variety of feasible paths with the same starting point in
order to elucidate efficiency.

DEFINITION 6
A finite sequence of production vectors {yf — x‘ — i, A'}:-o" of economy Eis called a feasible path of

horizon N if the pairs of two consecutive terms belong to Y.}, i.e.,
(V=X =it AY), (=X =i A™)) e Vi (t=0, 1, ..., N-1).

Let Y((y° —x° =% A9)|C° N) be the set of feasible paths of horizon N, all starting with the same initial
production vector (y° —x° — %, 1°), made possible by the same initial capital C°, and all bounded by a
limited labour supply. Then we could define efficient production.

DEFINITION 7

Let {yf —xt = it, A0, fyyt —xxt =i, Mg € Y((y° —=x° =%, A I°)|C°, N). Then, {y' —x* — i, A} 0" is said to
be more efficient than {yy" —xx' —iit, AA"}e=o" if (y" —x" = ") > (yy" — xxN = i), (y¥ = xN = i) # (yy" —xx" —

iN) and AN < AAN,

DEFINITION 8

V' —xt —it, A} 0" is said to be efficient if there is no more efficient path in Y((y° —x°—i% A°)[C° N) than
V' =xt =it At}

Nikaido (1968) uses this kind of definitions to prove his theorems of self-sustained efficient growth in
economies endowed with production technologies that are characterized by convex cones. Although
we do not have to rely on these restrictions, we eagerly follow his ideas on efficient production, which
enable us to see that only by exception Marshallian production will be efficient. But first of all, one
should note that efficient production is independent of the prices that market parties are willing to pay.
Nevertheless, prices, relative prices, could help identify efficient production. Ricardo (1823a, b) tried to
infer from their changes how the production technology has changed over time. He was convinced that
in one way or another it must be possible to derive from the development of relative prices whether
the physical production circumstances of a particular commodity are changed or not.

Here, we confine ourselves to the more simple relations between prices and production, whether or
not efficient, for which we have to make the following assumptions.

ASSUMPTION 7: The initial production vector (y° —x° =%, A°) e Y((y° —x°—i°, A°)|C°, N) involves
Marshallian firms in the production of each commodity i and has a wage-price vector (wW°,p°) e P° which
shows that all firms iM have a capital income p° (yin® — xint® — in®) — WP Ainl® > 0.

ASSUMPTION 8: Each term of a feasible path {y' — x' = it, A'}+=0" € Y((y°—x° = 1°, A% [ C°, N) could
reproduce itself: i.e. there exists a consecutive term (y'*! — xt*1 — "1, A*1) with A*1 = A%, i**? = f and y**! —
x>yt

Assumption 8 is not quite realistic. It excludes, for instance, the possibility that shocks affect the
production technology. Reckoning with shocks like fire, storm and other calamities would substantially
complicate the proof of theorem 3 whilst it delivers only the notion that after such shocks the
reproduction capabilities need to be restored. In addition it also excludes the possibility of exhaustible
resources that asks for more labour in order to be able to reproduce the existing production. Reckoning
with this kind of possibilities would equally request a much more complicated argumentation. In fact by
assumption 8 we merely assume that the production technology smoothly changes over time.

To be as clear as possible we confine ourselves to feasible paths that are stylized by the assumptions 7
and 8. In doing so we are going to search for efficient production among all (stylized) feasible paths
with consecutive terms that are all characterized by profitable production for the wage-profit-price
vectors that belong to P..
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THEOREM 3 (Golden Rule of Accumulation)

Given any wage-price vector (W, p!) € P!, there exits an efficient path {y' —x' —i*, A%} =" € Y((y°—x° -1,
A%)[C% N) that maximizes (p* (y" —x" —i¥) — w! AV). This maximum coincides with Marshallian production
for each commodity i if and only if wage w' = (p* (y¥ — x" —i") / A". Profit rate e’ will then be equal to
pti’ / Vt which implies a capital income equal to zero.

Proof:

All consecutive terms belonging to a feasible path {yf —x' — i, A} 0" € Y((y° —x° = °, A°) [ C°, N) consist of
production processes (A, X', yii) € Tk, As all T;.! are compact by assumption 2, Y((y°—x°—i% A%)[C° N)
is also compact. So, for any (W, p!) & P the function (p' (y' —x' — i) — w' A!) has a maximum in p* (y" —x" —
i) — w' AN, This maximum clearly belongs to an efficient path. If there would be a more efficient path
{yyt—xxt = iit, M}, then (pt (yy" —xx" = i) — w* AAV) > (pt (YN — x" = i) — w* AY) because (yy" — xx" —iiV)
> (N =xN=i"), (yyN —xxN—=ii") # (y¥ —xN = i) and AAN < AV, This would contradict that p* (y¥ —x" —i") —w!
A" gives a maximum.

In order to have Marshallian production for each commodity i as well the profit function (p* (y' — x) —w*
AY) must also reach a maximum for the same (W',p') & P'. Moreover, this maximum must be sufficient to
reward the owners of the capital in such a way that they are able to maintain their capital, so (p* (y* — x)
-wiAY) 2 p'i.

Suppose that the production of one commaodity is not Marshallian. An additional unit of labour would
then enable a higher profitable production. Let (p* (y" —x") — w* AM) denote this maximum of the profit
function for the production of all commodities together with an accompanying investment iV.

As we have already seen, (yM —x" — ™, AM) cannot be more efficient than (y" —x" —i", AV). However, (yM
—xM—iM AM) could indeed be less efficient with lower wages and more labour supply. But not if w' = (p*
(" =xN—=i") /AN, In that case (yM — x" — ", AM) must be equal to (y¥ — x" — ¥, AY), otherwise the profit
function of all commodities together would result in a negative profit which contradicts Marshallian
production. If the production is both efficient and Marshallian the profit function reaches a maximum
of zero for w* = (p* (y¥ —x" = ") / AV. By substituting w' the profit function can be rewritten as (p* i" —
Trate' VA). This function cannot be positive otherwise there would be undistributed profits. A negative
value is also prohibited, because profits are necessary to enable the reproduction of the efficient
production by assumption 8. So, profit rate .’ must be equal to p'i™ / V!.

Q.E.D.

Clearly, a production technology could give rise to a variety of efficient paths, all characterized by a
binding input of labour. But by assumption 7 all these paths that may become efficient in the end, are
in the beginning still characterized by positive capital incomes. So, in the beginning capital is still the
relative scarce production factor. Among all feasible paths some of them may early begin to show how
more capital relative to labour paves the way for more efficient production. But as long as the
consecutive terms still have positive capital incomes further progress towards efficient production can
be made. Although we hardly see that the economy as a whole reaches efficient production in reality,
we do see a lot of activities that go into that direction. To be able to describe these activities in more
detail, we need first an additional definition (given definition 7 a rather trivial definition) to compare
intermediate consecutive terms of feasible paths at the same time.

DEFINITION 9

Let {yf —xt = it, At} 0", fyyt —xxt —iit, Mg € Y((y° = x° =%, A°)[C% N). Then, (y' —=x' =it A!) e {y' —xt =i,
A}V is said to be more efficient than (yy' —xx' —iit, AX) e {yyt —xxt —iit, Moo if (=X =) > (yy' —xxt
—iit), (y' =x' =1i) # (yy' — xx' — i) and A' < A",

The following lemma shows that from each consecutive term of a feasible path with a positive capital
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income a variety of feasible paths can originate that all differ in efficiency.

LEMMA 3

For each term of a feasible path {y —x' —it, A} =" e Y((y° —x° —°, A°)| C°, N) and a wage-price vector
(W',p') e P' that implies Marshallian production for each commodity i and a capital income p* (y* — x' — i)
—w' A' > 0 there exists a consecutive term (yy' — xx™*? — "™, AA™) with p it < pt it < p* (y' = x') = wi A
that is more efficient than the consecutive term (y**! — x*1 — i*1, A**?) that only reproduces the original
term (y'—xt—it, A%).

Proof:

Let Y((y' —x' =i, AY)| C', N) be the set of feasible paths of horizon N, all starting with the same initial
production vector (y' —x' =i, AY) € Y((y° —x° = °, A°)| C°, N), the same initial capital C* and all having a
consecutive terms (y" —x™ — i, A") for which holds (y" —x" — i) > (y* = x* — ') and A" < A* for all tt from ¢
to N. This set is clearly not empty, because (y' —x'—i*, A) could reproduce itself until horizon N by
assumption 8. The set is also compact, because Y((y° —x° —°, A°)|C°, N) is compact as we have seen
earlier. Moreover we know that at least in t+1 capital C"*! has benefitted not only from investment /*
but also from an extra investment out of the positive capital income p* (y* —x'— ') — w' A". As long as the
capital income remains positive extra investment out of this income may occur. In the meantime ** will
gradually rise in order to comply with assumption 8.

So, for any wage-price vector (W',p') the profit function (p’ (y' — x' — i) — w' A’) reaches a maximum
within Y((y'—x' =, AY) |C}, N). By theorem 3 we know that this maximum belongs to an efficient path. If
the extra investments out of the capital income lead to a drop in this income to zero, we also know that
this maximum coincides with Marshallian production.

Therefore, any possible path resulting from extra investment must be more efficient than the feasible
path that only reproduces (y* —x' =, A), otherwise (y* —x' — i, ) would already be efficient which
contradicts its Marshallian production with a positive capital income. The efficient path, resulting in (y"
—x" =", A") and a capital income that has dropped to zero, uses more capital than C'. If C" would be
equal to C', the more efficient production of year N with a capital income equal to zero must already be
possible in year t. This again contradicts the Marshallian production with a positive capital income of
the feasible path.

In year t+1 capital C' increases, because C*! = Ct + it + A with p' i < p! (i + A) < p' (y' — x*) — w' A'. Although
Ct* could still be less than C" the increased capital enables a consecutive term that is more efficient
than (y'—x"=1, AY).

Q.E.D.

The efficient production, as identified until now with definitions 7, 8 and 9, concerns the production of
all production processes together. We eagerly would like to use similar definitions to identify whether a
firm is more efficient than another firm. However, it should be noted that that output y* of each
production vector (y' —x' — ", A') belonging to a feasible path includes both intermediate consumption x*
and investment i. In fact each production vector (y' — x'= i, ') represents the net output produced by
labour A* provided with capital C'. The all-encompassing view of the aggregate level of economy &
enables us to identify efficient production independently of wages and prices

On a firm level we do not have such an all-encompassing view. In producing the same commodity i
firms could use different intermediate consumption or different machines, which makes a comparison
of merely physical production processes rather indecisive. Some firms, producing automobiles for
instance, may produce the necessary cylinder blocks themselves. Other automobile factories may buy
them from firms that only produce cylinder blocks. So, if we would like to know (independently of
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wages and prices) which automobile factory is more or most efficient, we should also take into account
the firms that deliver cylinder blocks. Reckoning with other inputs as well will bring us in no time to the
aggregate level that encompasses all production processes. If we know that among all firms only
automobile factories differ in efficiency, we could infer from the resulting almost equal feasible paths
which firms produce automobiles more or most efficiently in comparison with other firms.

However, although efficient production is ultimately independent of wages and prices, wages and
prices do matter in identifying firms that have managed to produce more efficiently than other firms.
Like Ricardo, who was curious to derive from relative price developments whether new production
processes were implemented that enable to produce more efficiently than before, we also make use of
the prevailing wages and prices in our search for more efficient firms. But first and for all we must find
out which firms succeed in exploiting the existing production technology set, that changes over time,
more efficiently than the surrounding Marshallian firms. By confining ourselves to the existing
production technology we can focus on the fundamentals of oligopolistic competition and see how this
competition emerges independently of wages and prices.

6. SCHUMPETARIAN PRODUCTION EVOKES OLIGOPOLISTIC COMPETITION

From paragraph 5 it turns out that uncountable feasible paths exist that all differ in efficiency.
Moreover, there are always more efficient paths in comparison with the feasible paths characterized by
Marshallian production with a positive capital income. More investments may offer firms transitions to
more efficient paths. But if those firms keep using their enlarged capital, enabled by an enlarged input
of labour, up to its maximum profit potential, Marshallian production remains in place. Wages and
prices will then continue to reflect the balance between costs and revenues as shown by the least
profitable production processes.

Schumpeterian firms do not have the drive of Marshallian firms to maximize profits. Instead they are
interested in producing as efficiently as possible. These firms do not bother with all the effort that is
necessary to keep old machinery in operation as long as it remains profitable. The drive to produce as
efficiently as possible frequently arises in firms that also produce to a large extent the capital they need
for their final production themselves. At the time that the production of automobiles became part of
the production technology many firms entered the automobile markets. But the ‘perfect’ competition,
initially shown by these markets, changed rather rapidly into oligopolistic competition, driven by not
less but more efficient production. The automobile sector showed how this was possible within the
same, for all firms accessible production technology set, characterized by productivity changes that
only allow to determine whether a particular production process in view of the prevailing wages and
prices is still profitable.

Although Schumpeterian firm do not strive for a maximum profit as Marshallian firms do, we will see
that they do succeed in attaining a capital income per unit of production that, by their implicit higher
efficiency, is higher than the capital income per unit of production realized by Marshallian firms. This
relative higher profit gives the Schumpeterian firm market power over Marshallian firms. The following
definition resembles the specific market power that Marshallian firms have over each other by
definition 2.

DEFINITION 10
Firms iS, producing commodity i, have market power over Marshallian firms iM that produce the same
commodity j, if, under the prevailing wage-price vector (w',p') € P, their capital income per unit of

19



production (pt (y,-st —X,‘st - I',‘st) -wt /\,‘st) /y,‘st is higher than (pt (y,-Mt —X,'Mt - ith) -w' A[Mt)/yuwt.

DEFINITION 11

A firm that produces commodity i is called a Schumpeterian firm if it has market power over one or
more Marshallian firms that produce the same commodity i. The production of Schumpeterian firms is
called Schumpeterian production.

With definition 10 we are able to identify the Schumpeterian firms in the set of firms that produce
more efficiently than Marshallian firms. This set is clearly not-empty as follows from lemma 3. With
theorem 4 we formally prove the emergence of oligopolistic competition.

THEOREM 4 (Oligopolistic competition)

Let {yf —x' = it, A} 0" € Y((y° —Xx° =%, A°)| C°, N) be a feasible path of economy Ein which, given a wage-
price vector (W',p') e P!, Marshallian firms iM produce commodity i with a capital income p* (yin' — xind' —
i) —w' Ainst > 0. Among those firms Schumpeterian firms iS may stand up that get market power over
Marshallian firms: i.e. they are able to influence wages and prices, although these wages and prices
keep reflecting the balance between costs and revenues as shown by the least profitable production
processes of Marshallian firms.

Proof:

By lemma 3 we know that for each term of {y' —x' —it, A} 0" € Y((y°—x°—i°, A°)|C° N) there exists a
consecutive term (yy™? — xx'*1 —jit*1, AA*1) that by its extra investments out of the positive capital
income is more efficient than (yt” x*1— 1 A*1) that only reproduces the original term (y' — xt — it, A).
Evidently, on an aggregate level more efficient production implies a higher net output and may also
result in a higher capital income. For it is clear by definition 9 that (p™*? (yy'*! — xx**? — ii**}) — W' AA*) >
(pt+1 (yt+1 _ Xt+1 _ I-t+1 ) _ Wt+1 At+1 )

As we know that all production of the consecutive terms belonging to {yf — x' = it, A'}+=" can be
attributed to the firms that form part of the feasible path, we also know that the consecutive term
(yyt*! —xxt*1 — i1, AA*™*1) may contain a not-empty set of firms iS that start producing more efficiently
commodity than it would be in (y**! — xt*1 — /"1, A*1) and also more efficient than the Marshallian firms
iM that keep producing commodity i in (yy'*? —xx**1 — ji*1, AA*!) in a similar way as they did in (y' —x'— /",
AY). These firms iS will also share the extra capital income as a result of the more efficient production. As
long as Marshallian production remains in place there will be a wage-price vector that continues to
reflect the balance between costs and revenues of the least profitable production processes. So,
(w1 pt*!) remains unchanged in case of such a transition to a more efficient consecutive term.

In order to prove that the more efficient firms iS are Schumpeterian firms we only have to show that
(pt+1 (yyist+1 _ XXiSt+1 _ I-I-ist+1 ) _ Wt+1 Mi5t+l ) / yyi5t+1 is hlgh er th an (pt+l (yyth+l _ XX,'MHl _ iith+1 ) _ Wt+1 A Ath+1 ) /
yyim'*L. Because the more efficient firms have a higher capital income, this inequality holds if we a firm
iS compare with a firm iM that produces the same quantity of production yy**.

Each firm iS may use its higher capital income to take over labour from Marshallian firms by offering a
wage that is higher than the prevailing wage rate w'*.. If a rising labour supply does not provide the
Marshallian firm with sufficient replacement, the wage rate will remain on a higher level by which a
part of the production of Marshallian firms is no longer profitable. The Schumpeterian firms may use
the acquired labour to expand their production and so enhance the efficiency of the total economy.
Schumpeterian firms have also the power to use their higher capital income to ask lower prices for the
commodities they produce in comparison with the prevailing prices p'*.. This will also force the
Marshallian firms to an adjustment because a part of their production again becomes no longer
profitable. So, Schumpeterian firms may use their power to influence wages and prices and thereby
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force Marshallian firms to adapt their production in such a way that the influenced wages and prices
remain reflecting the balance between of costs and revenues as shown by the least profitable
production processes of Marshallian firms.

Q.E.D.

In comparison with earlier stages of the economy in which households by their supply of capital
determine the velocity at which the production possibilities of the evolving production technology are
exploited, we are now able to see how firms in more advanced stages play a more decisive role in
economic development. Especially firms owned and managed by the capital provider may become
aware of more efficient methods of production, more efficient in comparison with the traditional
Marshallian firms that keep production processes in operation as long as they remain profitable. But
other firms as well may embrace the opportunity to produce more efficiently and, for instance, start to
issue shares by which the suppliers of capital express their confidence in sharing the risks taken by the
firm. By their higher efficiency Schumpeterian firms get market power over Marshallian firms.

The resulting oligopolistic competition enables Schumpeterian firms to become forceful drivers of
economic development. By their higher profits per unit of production they are not only capable to
expand their market share at the expense of Marshallian firms, but they may also invest their profits in
research by which the boundaries of the production technology may be pushed forward. So,
Schumpeterian firms frequently operate at the cutting edge of both efficient production and renewal of
production by the introduction of new products and production processes. Markets that are initially
characterized by many participating firms may therefore rapidly develop into markets with only a few
firms. However, the thread of falling behind is always present. A once Schumpeterian firm may
therefore ever again become part of the traditional Marshallian firms.

Marshallian firms remain of importance. Their production processes frequently determine the wages
and prices on the markets that reflect the balance between costs and revenues on the least profitable
production processes. The interaction between Schumpeterian and Marshallian firms has manifold
manifestations. Without Marshallian firms Schumpeterian firms would not be able to make extra
profits per unit of output and to become drivers of a prosperous economic development. As
Schumpeterian firms expand and take over labour from Marshallian firms, the wages determined by
Marshallian production may also rise. At the same time the arrival of new products and production
processes will frequently be accompanied by firms that keep the old production processes in operation
as long as they remain profitable. An increasing prosperity will therefore frequently be characterized by
graduality.

However, prosperous developments could also easily become at stake. The equilibrating forces,
assumed by the neoclassical theory, have in the reality of oligopolistic competition only a limited range
of action. They just demonstrate themselves at the least profitable production processes of Marshallian
firms. If only Marshallian firm would be present, then of course demand and supply of labour would
ultimately lead to equilibrium wages that equal demand and supply. But as soon as Schumpeterian
firms are active, the realization of this kind of equilibria is no longer guaranteed. If the employment of
Marshallian firms diminishes by the expansion of Schumpeterian firms and unemployment starts to
rise, one could try to reverse this process by wage moderation. But Schumpeterian firms that use their
market power and respond with lower prices may then hinder the effectiveness of wage moderation.
Manifold interactions could occur. In case of a widespread cyclical downturn Schumpeterian firms may
simply react by consolidating their market position and preparing themselves for an intensified
competition with other Schumpeterian firms. A prolonged period of unemployment may then result.
On the other hand, if they expect a quick recovery they may be willing to further expand their market
share and so contribute to the fulfilment of their expectations.

The interactions between Schumpeterian and Marshallian firms become even more complex if
Schumpeterian firms in one country have market power over Marshallian firms in several other
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countries as well. Worldwide operating Schumpeterian firms have frequently different market
strategies for different countries induced by the differences in competition they face from Marshallian
firms in one country to another or even also from their Schumpeterian competitors.

The complexity of possible interactions increases further if we reckon with different currencies for
different countries. From a neoclassical background it is understandable that one thinks that firms of a
country see their export opportunities increase if their currency devaluates. But in the reality of
oligopolistic competition these expectations may be wrong. Schumpeterian firms operating from a
country with a strong currency could even benefit from a further rise in the value of their currency.
Without any action their profits may increase not only because they benefit from lower import prices.
Profits may also go up relatively if their foreign prices will remain closely linked to their home prices.
The customers in the devaluating countries will then have to pay a larger share of their income to these
Schumpeterian firms. If these customers have difficulty in paying higher prices, the Schumpeterian
firms that export from countries with a raising currency may prevent a threatening loss of market share
by using their increased profits to adjust their foreign prices to the prices of the foreign competitors or
even further if they would like to expand their market share.

Governments should not rely on neoclassical theories either. Although in some circumstances a policy
of promoting wage moderation could be helpful to combat long lasting unemployment, there is no
guarantee for success. The same holds for policies to contain the market power of Schumpeterian
firms. These could easily have even adverse effects. All depends on the specific situation on the
relevant markets. In the Netherlands Prime Minister Lubbers fought high unemployment in the 1980’s
with a policy of wage moderation strongly supported by investment stimuli. These stimuli were so
successful in modernizing the economy and finding the way back to full employment that they had to
be ended by their own success. There are more examples of political leadership showing that, with the
benefit of hindsight, circumstances were rightly assessed and the right measures were pushed through.

There is a kind of similarity between entrepreneurial and political leadership. Schumpeterian firms
cannot but emerge from entrepreneurial capabilities. Entrepreneurs intuitively see the opportunities
offered by the ever changing set of production possibilities and know how to produce more efficiently
than the Marshallian producers who think to attain maximum profits. And, indeed, on the level of
separate firms the most profitable production that can be derived from wages and prices is Marsallian
production. The most efficient production, however, cannot be derived from wages and prices, but has
to be determined on the level of all firms together. Only knowledge of the development of the total
physical production possibilities enables to determine the most efficient production. Schumpeterian
firms emerge because of entrepreneurs who have a thorough knowledge of the production possibilities
and see attainable efficiency that goes beyond the efficiency as can be derived from market
information.

Political leadership asks for similar capabilities. Successful policies are adapted to the interaction
between Schumpeterian and Marshallian firms and induce an optimal use of the available production
opportunities by prefer. However, for politicians it is equally not easy to see how the physical
production technology develops over time and how the interaction between Schumpeterian and
Marshallian firms could hamper a prosperous economic development. It strongly depends on the
specific circumstances which bottlenecks have to be taken away.

At present, new technologies become rapidly available enabling a worldwide turn into a more
sustainable development. The implementation of some of them will even brook no delay to prevent
future problems. At the same time there is almost no country left that is able to give the right example
alone. All developed countries face an increased dependency of international relations. These are more
and more influenced by the rapid development of emerging countries. Their firms do not only put
pressure on the price-competitiveness of especially the Marshallian firms in developed countries, but
also have the ambition and the capabilities to develop themselves to real Schumpeterian firms with an
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enormous growth potential on their home markets. In the meantime, the stagnant real investment in
developed countries creates flows in financial capital that repeatedly seek a way out in speculative
bubbles with ever more uncertainty as a result. In view of these strongly interdependent relations it is
difficult to overcome the present watershed that prevents us from entering a real sustainable world,
although the needed political leadership may increasingly encounter societal support.

7. FUTURE WORK

The manifold interactions between Marshallian and Schumpeterian firms have important
consequences for economic development and the policies by which governments could foster this
development. These policies should by prefer stay in tune with the development of the production
possibilities, and contribute to an optimal use of these possibilities by tackling bottlenecks as soon as
they become obvious. Therefore, it is important to get knowledge on how the physical production
technology develops over time, reckoning with the use of this technology by both Marshallian and
Schumpeterian firms especially on a worldwide level.

Empirical work to describe the complex international relations could build upon a vintage model that
allows determining the share of Schumpeterian firms in total production assuming that the technology
sets of developed countries are more or less the same. From an application to the manufacturing
industry of the US, UK, Germany, France and the Netherlands (Moons (1996)) it appears that especially
in the US Schumpeterian firms have a relatively great share in manufacturing output, explaining the
more resilient production in the US while other countries experience greater fluctuations in economic
growth. The higher share of Schumpeterian firms in the US goes along with a higher wage share.
Although fully in accordance with the Golden Rule of Accumulation, this higher wage share may also
reflect a high degree of labour put into research to further develop the production technology.

This empirical work about the occurrence of oligopolistic competition in separate countries needs to be
extended with a description of the cross border activities of firms which may further strengthen the
position of Schumpeterian firms. The same holds for a more elaborate description of the business cycle
and the way in which the interaction between Marshallian and Schumpeterian firms affects
employment opportunities. But equally important is to deepen the theory by identifying the principles
which reveal the developments of the set of possible production and the way it is used.

“When commodities varied in relative value, it would be desirable to have the means of ascertaining
which of them fell and which rose in real value, and this could be effected only by comparing them one
after another with some invariable standard measure of value, which should itself be subject to none of
the fluctuations to which other commaodities are exposed” (Ricardo (1821), p 43). The search for such
an invariable measure confronted Ricardo with difficult problems, but this measure in fact asks for
nothing else than how can we derive from market information of which commodities the physical
production circumstances are changed by changes in (the use of) the set of possible production. The
solution of this problem can be found by looking at the production of all commodities together. By only
looking at separate commodities unsurmountable problems arise from the absence of a commodity of
which the production circumstances never change, and even if such a commodity would exist, it still
could not be a perfect measure of value because its value is also subject to changes in the division of
the total production between the labourers and capital owners. Nevertheless, Ricardo remained of the
opinion that “if we were in possession of the knowledge of the law which regulates the exchangeable
value of commaodities, we should be only one step from the discovery of a measure of absolute value”
(Vol. IX, p. 377). Although the correspondence of Ricardo with Malthus gives ample reason to believe
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that they were close to a solution indeed, it must also be acknowledged that McCulloch let himself fall
behind. The question of how to measure of which commodities the production circumstances have
changed over time, he left to be settled by his masters. He only showed interest in the relative values of
commodities in the same market at the same time. These follow from comparing the productivity of
both labour and capital. By extending Ricardo’s exposition on the diminishing rent of land to
homogeneous capital he was a frontrunner in paving the way for the neoclassical production function.
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