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Abstract

The fact that some firms innovate while others absorb tech- Palabras Clave: Crecimiento, Distribucion, Eficiencia, Tec-
nologies creates income differences and inefficiencies both nologia, Competencia, Poder de Mercado

within and between countries. Codigos de JEL: E10, 011, 038

We model the industrial market economy, characterized
by the coexistence of: 1) large firms with innovation, as in
manufacturing and technology, concentrating income and
wielding market power, with profits accruing to a small mass
of people; and 2) small, approximately competitive firms with
little innovation capacity, mainly absorbing technologies. This
economy is unequal and inefficient. Free market policies are
suboptimal in levels, growth rates, wages, capital accumula-
tion and equity. Their levels depend on the steady state of the
innovation-absorption dynamics between the two sectors,
and can all be improved by taxing profits and subsidizing
both innovation and absorption, or by lowering profit mar-
gins through a market power tax with zero equilibrium rev-
enues. Innovators access a higher return to their investment
than the interest rate.

Now, consider a second industrial economy whose large
scale sector absorbs technologies from the first industrial
economy. The first is a developed technological leader and
the second an underdeveloped technological follower, that
might grow in parallel or diverge. The underdeveloped in-
dustrial economy is also inefficient and unequal. Moreover,
its small scale sector lags relatively further behind than in the
developed economy.

Technological policies for equitable, pro-poor growth in
industrial economies, developed or underdeveloped, must be
two-pronged: supporting both innovation and absorption.
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1. Introduction

In clarifying the functioning of modern developed and
underdeveloped economies, particularly inequality, it

is necessary to specifically address them as industrial
market economies. The reason is that two types of eco-
nomic sectors coexist in developed and underdeveloped
industrial economies. First, sectors with intense innova-
tion, such as the manufacturing and technology sectors.
These consist mainly of large firms that concentrate
income and are understood in terms of market power
and models of endogenous technological change (see
for instance the research line generated by Aghion and
Howitt, 1992, 1998). In underdeveloped economies,
these large firms absorb technologies from developed
economies when they innovate. Second, sectors with a
much smaller innovation capacity, which mainly consist
of many small firms, and can be thought to be approxi-
mated by competitive general equilibrium models, with
income more equally distributed. These later sectors im-
prove their productivity by adopting technologies devel-
oped in the innovative sectors'. Distinguishing between
innovation and absorption in industrial economies gives
Nelson and Phelps’ (1966) “ absorptive capacity” its ef-
fective weight.

The purpose of this article is to extend the Mayer-
Foulkes (2015a) (abbreviated MF) industrial market econ-
omy model to a two country model of industrial devel-
opment and underdevelopment.? As in MF, each coun-

1. We refer interchangeably to absorption, technological diffusion, adoption, and
implementation.

2. See also Mayer-Foulkes and Hafner, 2016. In that paper we use mass market eco-
nomy instead of industrial market economy.

try's economy consists of a large and a small scale sector,
the first innovative, with monopolistic competition, and
the second absorptive, with perfect competition. | use a
standard model of development and underdevelopment
such as those developed by Howitt and Mayer-Foulkes
(2005) (HMF) and Aghion, Howitt, and Mayer-Foulkes
(2005) (AHM). In these models underdeveloped coun-
tries innovate by absorbing knowledge from developed
technological leaders. Thus, here there are two countries.
Country 1's large scale sector is the technological leader.
When firms in Country 2 innovate, they incorporate these
technologies for profit in a costly process that ranges
from implementation to R&D, as in HMF and AHM. In
turn, the small sector absorbs technologies from the
large scale sector, for simplicity only from its own country.

The heart of the industrial market economy model
is an industrial, technological, or mass production sec-
tor characterized by ongoing technological innovation.
Innovation is motivated by the acquisition of market
power and generates large firms spanning important
portions of their markets. The controlling ownership of
these large firms concentrates in relatively few hands
that can appropriate most of the profits resulting from
this market power, thus generating income concen-
tration. Market power also generates both static and
dynamic inefficiencies in innovation and production.
Hence the heart of the industrial market economy si-
multaneously displays growing productive efficiency,
wealth concentration, and economic inefficiency.

Now, for various reasons not every economic sector
can finance innovation by obtaining sufficient profit
margins over significant market sectors. An important
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proportion of the working population in industrial
market economies, developed or underdeveloped, is
employed by many small firms that do not innovate
significantly. Instead, these small-firm, non-innovating
sectors, including self-employment and informal eco-
nomic activity, improve their productivity by expending
effort on absorbing the technologies developed by the
industrial sector, which functions as its technological
leader. The model presented here brings to bear insights
of underdevelopment (HMF, AHM) and globalization
(Mayer-Foulkes, 2014) to the inner working of both de-
veloped and underdeveloped industrial economies.

Relative to each other, the large and small scale sec-
tors display opposite characteristics. While the first is in-
novative and displays market power, the second absorbs
technologies and is competitive. Each may thus require
differently motivated public policies in physical and hu-
man capital, technology, infrastructure and so on. The
aggregate product of the industrial market economy is
a function of the technological levels of both of the sec-
tors. This aggregate income, net of profits, in turn de-
termines wage levels, skilled and unskilled. In the indus-
trial market economy, the wage level is thus a positive
function of the technological levels of both the leading
industrial sector and the lagging small firm sector, and a
negative function of market power.

Including the technologically lagging small firm sec-
tor in the analysis allows wages to be understood in
terms of the full dynamics of innovation and absorption
that determine them. Conversely, the interaction of in-
novation profits in the large scale sector with the inter-
est rate on capital in the small scale, competitive sector,
provides a context for understanding the role of the
stock market in bringing forward innovation profits, by
capitalizing innovation income streams according to the
prevailing interest rate. This can also be an important
source of differentiated returns according to the scale
of investment in the financial system, which plays a cen-
tral role in Piketty’s (2004) argument on inequality.

Neither a general competitive equilibrium model nor
a standard model of endogenous technological change
includes the full set of features mentioned above. Yet
these features are necessary ingredients for understand-
ing a series of urgent issues that are deeply affected by
the contradictory impacts of innovation and competi-
tion on welfare and distribution, such as global income
concentration, income inequality, informality, pro-poor
growth, the increased political influence of large corpo-

rations under deregulation, sustainability in the face of
both poverty and corporate power, the global economic
business cycle, and so on.

Market institutions establishing property rights and
enforcing contracts allow for the existence of private
production under competition forms that can be either
competitive or characterized by market power. Free
market policies allowing prices to be set without gov-
ernment interference allow the free play of both com-
petition and market power. MF show that free market
policies are suboptimal for industrial market economies,
in levels, growth rates, wages, capital accumulation and
equity. Profits also undo Pareto optimality by making in-
dustrial products more expensive, therefore misallocat-
ing resources towards non-innovation-intensive goods,
in both innovation and consumption. MF also describes
public economic policies that can improve on free mar-
ket policies by simultaneously promoting both equity
and productivity. The first promotes both industrial and
small scale technologies by supporting innovation and
absorption using taxes on profits. The second set of pol-
icies promotes efficiency and distribution by taxing ex-
cess profit rates, therefore rewarding production rather
than profit rates by discouraging the exercise of market
power. The equilibrium taxation revenue in this case is
zero. The third addresses the public good features of
innovation in the small scale sector. This can be done by
enhancing the role of education as a catalyst of tech-
nological absorption and by promoting the interaction
between universities and the small scale sector to pro-
duce needed innovations and to reduce the repetition
of innovation in this sector.

The model goes quite a long way in explaining the in-
equality pointed out by Piketty (2014) for industrial mar-
ket economies. The reasons are the following. First, in the
model Piketty’s r in fact includes the profit rate, which is
even more easily greater than the growth rate g. Second,
the income concentration process described in the model
works in terms of the returns to real rather than financial
investments. It is not only that large accounts can get a
preferential rate of return in financial investments. It is
also that large real investments can access the profit rate
through innovation rather than just the interest rate
through capital investment. While discussing the histor-
ical aspects of Piketty’s (2014) work is beyond the scope
of this paper, | would hypothesize that convergence to
equilibrium inequality levels or capital to income ratios is
faster than posited by Piketty, and responds significantly



in a couple rather than in quite a few decades to sub-
stantial changes in profit level determinants. Thus, while
the two World Wars may have had the most salient nega-
tive impacts on capital accumulation, other changes such
as the rise and fall of the economic framework of the
Great Prosperity (including taxes on profits, human cap-
ital investment, financial regulation and welfare), or the
epochal changes in globalization of the last thirty years,
have also had highly significant impacts.

MF point out that the large scale sector gained as-
cendancy in the late 19th Century with the consolida-
tion of the Second Industrial Revolution, has been the
norm in 20th Century capitalism, and increased its pow-
er and impact on inequality under globalization. The in-
dustrial market economy model predicts not only static
but also dynamic inefficiency in innovation and absorp-
tion. In the case of innovation, for the quality ladder
case considered here, high markups give a lower weight
to production costs, and therefore to the benefits of
innovation. In the case of absorption, its operation in
a competitive setting implies insufficient incentives for
technological absorption. Therefore incentives arise
for financing absorption as a public good. A subsidy to
higher education is in itself an example.

One of the theoretical classics in the literature poses
the existence of an inverted-U relationship in compe-
tition and innovation (Aghion et al, 2005), thus sug-
gesting that there may be an optimal level of market
power. MF define a market power tax that can provide
an instrument for selecting some such designated level
of market power.

In the next section | develop the model for the static
industrial market economy. In the following section |
introduce technological change in a two country model
that simultaneously defines lags between and within
countries. The analysis of taxes and subsidies for improv-
ing efficiency is included in each of the sections. Finally |
discuss and conclude.

2. The model

| first define a two sector model of the industrial market
economy that describes its main macroeconomic fea-
tures and can be used to analyze a series of issues. These
main features include a leading industrial sector gener-
ating productive efficiency and growth through techno-
logical innovation; market power in this sector; wealth
concentration deriving from this sector; a complementa-
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ry, technologically lagging competitive economic sector
responsible for a considerable portion of production
and employment; technological adoption in this sector;
a wage level determined by the combined productivity
of both sectors, net of profits.

2.1 The static economy

Consider an economy with two sectors L and S that
produce a continuum of tradeable goods indexed by
nel0,1], where each n refers to a product. Large scale
sector goods neT,;=[0,E] use a mass production tech-
nology and are therefore modelled with all production
concentrated on a single large producer that is able to
make a profit, while small scale sector goods nets=[g,1]
are produced on the small scale, with constant returns
to scale, therefore modelled with infinitely many small,
identical, competitive producers. In each sector techno-
logical change is endogenous, with differences due to
the different competition structures. For simplicity we
abstract from innovation uncertainty and assume that
innovation is symmetric within each sector L and S. Thus
we are assuming goods neT;in each sector j have the
same technological level Aﬁ, je{L,s}.

Innovation occurs as follows. In the large scale sector

L there is for each good net; a single, infinitely lived
innovator who invests in innovation and becomes a na-
tional monopolist, producing in the presence of a com-
petitive fringe (as in Howitt and Mayer-Foulkes, 2005).
Innovation is cheaper for the producing incumbent than
for the competitive fringe, and she therefore has an
innovation advantage. Her monopoly therefore persists
indefinitely. By contrast, in the small sector S anybody
can innovate, so as to reap the productive benefits of
new technologies, namely the availability of returns to
production factors, in this model labor.

We assume that small producers can produce any good,
while large producers can only produce goods in sector
T, for which mass production technologies are available
that are more productive than small scale technologies.

2.1.1 Consumption

Let the instantaneous consumer utility U=U (C;) depend
on a subutility function C; for an agent consuming c,(n)
units of goods ne [ 01, according to the Cobb-Douglass
function

1
1n(ct)=A n(c:(n)dn. (1)
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As we shall see, given a constant budget and goods
at a constant price, this utility function expresses
Cobb-Douglass preferences for variety.

Suppose a consumer has a budget B, for purchasing
goods produced in the large and small scale sectors.
We assume large and small scale sector goods nety,
Tg are symmetric so have common prices p; 4, pss.
Since the composite good kernel (1) is Cobb Douglass,
consumers dedicate the same budget to each good
ne [0,1]. The budget for each good is therefore also
B;, so the quantity bought of each type of good

B
produced in the large scale sector is C;E:p_r, and in the
Lt
B
small sector is Cf:p_r. Hence the subutility (1) of the
St
goods produced is
Br. Br
InC=¢&ln —+ (1-&)In —, 2
= Prs (1-%) Py @
which implies
Br
e ®
PriPst

Given a budget pipz);;g._ the amount of composite
good produced is C;=1. Letting the composite good be
the numeraire, this costs 1, so

M

.
pips =L @)

2.1.2 Two kinds of producers
To motivate the model, let us examine the two sectors
of production, L and S, in more detail.

Applying technologies of mass production requires
producing for a sizeable proportion of the market. Pro-
ducers are therefore not small. The markets for goods
produced using large scale technologies therefore
exhibit market power and profits, as in monopolistic
competition. At the same time these profits provide
incentives for innovation, as a means to increase prof-
its and maintain market power. In this sense, market
power is an endogenous function of innovation. Rather
than assuming monopoly, it is customary to assume the
existence of a competitive fringe that can enter the
market at a lower level of productivity but nevertheless
limits the markup that the incumbent can obtain. Here
we assume this competition lies in the large scale pro-

duction sector. We limit ourselves to innovation as the
source of market power, though fixed costs and increas-
ing returns to scale are also present in mass production.
In constructing the model we attempted to use these in
addition to innovation, but both gave rise to mathemat-
ics that were too complex for the present purpose.?

By contrast, small-scale production occurs in small
firms that we will assume are price takers. Nevertheless,
these firms will also invest to improve their productivity.
However, the returns to this investment will not be prof-
its but labor productivity. The two processes of innova-
tion will be thought to be qualitatively different, the
first operating on a large scale and truly innovating, the
second operating in a small scale and adopting technol-
ogies developed by the first.

The previous two paragraphs explain why, while the
large and small-scale production sectors are quite differ-
ent, their production functions can for simplicity be rep-
resented by similar functions. The two sectors are only
distinguished by their competitive context.

Definition 1. The production function for goods neT;
in sector je {L,S} is:

Here yj(n) represents the quantity produced of good
NET;. Aj¢ s the technological level in each sector. !ﬁ(n) is
the quantity of labor input.

2.1.3 Choice of production quantities

We assume for simplicity that the only input in produc-
tion is a single kind of homogeneous labor, and that the
labor market is perfect. Therefore there is a single wage
level w; across sectors in any given country.*

3. It is worth noting that in the case of fixed costs two equilibria arise for the two
sector economy developed here, as in Murphy, Shleifer, and Vishny (1989). Also, increa-
sing returns to scale are related to the ratio of employment demand between the two
sectors and therefore to wage levels.

4. We could introduce heterogenous abilities, with each worker's labor measured in
effective labor units. The model would remain essentially unchanged, with workers now
earning in proportion to their ability, and possibly one sector selecting higher abilities

first. We could similarly also introduce human capital, with acquired abilities measured

in effective labor units. In a perfect human capital market, net lifelong earnings would

be constant, and again the model would remain essentially unchanged. We assume the
labor market is homogeneous and perfect because our purpose is to observe how the
economy-wide wage level depends on the combination of technological levels in the large
and small scale sectors, independently of any market imperfections. It therefore depends
on the dynamics of innovation and absorption. It would even be possible for ability or hu-
man capital to be useful only in one sector, for example the large scale sector. If again this
sector selected for high ability or human capital first, these workers would be employed in
the large scale sector and earn more, in proportion to their ability or human capital, while
workers in the small scale sector would earn the wage for a single unit of labor. The mo-
del would still remain essentially unchanged, in that the equilibrium wage would continue
to be an analogous function of both technological levels.



In the case of small producers one unit of good netg
is produced competitively by infinitely many firms. The
wage is equal to the income from selling the product of
one unit of labor, w=pg;Aq;, so the price can be written

w,

D=7 - (6)

St Asr

Suppose the constant expenditure across goods is z;.

In each sector netg let Ig; (n) be the aggregate employ-
ment of all of the firms producing this good. Since the

. st
number of units produced is ¢;= P——Sr—ASIXSI (m). the
labor quantity is constant in n, so we drop n from
the notation, and

] = t
St Py
In the case of large producers, we consider that each
domestic sector has two types of potential competitors.
The first type of competitors are small-scale producers,

(7)

who can produce good n using a technological level Ag;.

Hence it will always be necessary that p,;<p;, mass pro-
duction just being feasible at equality. The second type
of competitor is a potential industrial competitor with a
lower technological level x™'A;;, with x>1 representing
the competitive edge, who is just unwilling to enter the
market at zero profit. This competitor also produces on
a large scale and supplies the full market. The incum-
bent will keep to a maximum price level just at the fea-
sibility level for her competitor. We can think that other
potential industrial competitors have even lower tech-
nologies for the production of this particular good n.

The level of production considered by both the in-
cumbent and her competitor are given by the aggre-
gate expenditure level on this good, z;= p;; (N)y,; (n),
which as we have seen is constant across sectors of all
types.

As we see below the maximum markup that the in-
cumbent can use will be x. Unless we are considering a
transition for which mass-production comes into exis-
tence, the usual case will be when under the full mark-
up X nevertheless p;;<ps;. The markup is a measure of
the incumbent’s market power.

Writing subindex C for the incumbent’s industrial
competitor, since pyC; = 4, the incumbent will drive
the competitor to the zero profit limit, so as in the pre-
vious case we will have the corresponding supply
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determined by Ic,r.x_lApr—;, with all income spent

on wages, so Wyl = z;. Hence the competitor sets a

-1
z Ao,
. . t . .
minimum price p .= 1, 4 At this price
le Ay “ri
Arw
P - (8)
L ALr

the incumbent produces the same quantity but employing
-1
less labor, [ = t X_Zr at a cost x_1~ hence
Lt pC‘rALr W, r

making a profit
—(1— Y-
m =1y )= (9)
2.1.4 The wage level

The wage level can now be obtained by substituting (8)
and (6) in (4),

e e [w]e] w18
1-£ t t
l=pivs = | 7| | 1. (10)
ALr‘ Asr
Hence
_ el 1

This result directly shows that market power dimin-
ishes wages. Substitute (5) back in (6), (8) and simplify to
obtain

XAy Ay |7
Pri

p = ] —1
5 ASf ALr

(12)

Hence
-1
Py X Ay
= >1
Pry St

(13)

This quantity has to be greater than 1 for large-scale
production to outcompete small-scale production and
therefore be feasible.

2.1.5 Market clearing for labor
Let the population of the economy be L. Suppose ;
and L, are the aggregate employment levels in sectors
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L and S, with £;+Ls=L. Then specific sector employment

levels I;¢, Ist satisfy:

E:ILfﬁ . (l—é)lsfﬁs, &ZLI+ (l—&)lsfﬁ. (14)
The last equation is the market clearing condition.

Now wylsi=z¢, since the participation of labor equals

income in sectors S, while wyl;¢ = X'zt in sectors L.

It follows that

/
zﬁ: (15)
Lt
Hence, we can solve
S R S S
= —1= ey T = —1= eyt
Soer (-9 e (179
2.1.6 Income 1
Note that aggregate income is Z= J' :rd =z,. From
0

wages and employment income now follows. Using
equation (11) and (16),

z=wl SIZYAEM;;E'L (17)

£

Y S

where Y=— )
(1)

Note %((x_ Pz (1-9)=¢" (1) (1-2)>0.

dY
SO E{OI Using (11), the average wage participation is

wrﬁ L. ;
— 1 (179

t

(18)

As € rises, wage participation drops. Wage participa-
tion in the large scale sector is lower than in the small
scale sector, one reason for Schumacher’s “Small is Beau-
tiful” (1973).

2.2 Market power and static efficiency
Following are stated the static distortions due to the
presence of market power.

Theorem 1. Market power distorts the described two
sector economy as follows:

1) Aggregate income is decreasing in market power.

2) The profit to income ratio is increasing in market
power.

3) Wages and aggregate wage participation are de-
creasing in market power.

4) Employment intensity |, in the large scale sector
is decreasing in market power, while employment
intensity Is; in the small scale sector is increasing in
market power.

Proof. 1) See (17) and the proof below showing

dy

d—x<0. 2) See (9). 3) See (11). 4) See (16).

2.2.1 Wages, market power and the size of the large
scale sector

Let us examine how the size of the large scale sector €
affect wages in the presence of market power x.

Theorem 2. When the size of the large scale sector in-
creases, wages respond as follows:

dlnw )
5 t_ a_f —SfInx+E&nAr:+(1-¢§)As)=In

Ars

=0
xAs: —

Proof. Differentiate (11) and note (13).

Note that the impact of industrialization on wages
can be low if market power is near its maximum feasible

Ap .
level = 71 when specific large scale sectors face low

St
large scale competition. Furthermore, if no small scale
competition is faced either, the impact of industrializa-
tion on wages could be negative.



2.3 Technological change

I now consider a two country model and define a pro-
cess of endogenous change for the technological levels
A+, Ast of one of the countries. This framework can be
extended in further work to the context of trade and
FDI.

As in MF and Mayer-Foulkes (2015b), | consider a
myopic decision maker who has perfect foresight as her
time horizon At tends to zero. This is both more realistic
(there is no perfect foresight!) and simpler. It eliminates
the need for a second set of variables predicting the
prices of all goods (forever!) that is required in perfect
foresight models. In addition, scale effects occurring
due to future relative sectorial sizes affecting innova-
tor's incentives are brought to the present.

Mayer-Foulkes (2015b) shows that perfect foresight
as At—0 is equivalent to defining perfect myopic fore-
sight as having perfect knowledge of the current eco-
nomic variables’ time derivatives. The myopic agent uses
this knowledge to maximize the current time derivative
of profits.

2.3.1 Innovation in the large scale sector
As mentioned above, there is in each mass production
sector a single, infinitely lived innovator who can pro-
duce an innovation for the next period. The innovator
has perfect myopic foresight and maximizes the current
time derivative of profits.

The effectiveness of innovation investment of the
sector n entrepreneur has two components. The first is
a material input flow v;;. The second is knowledge and
is proportional to two components. 1) The skill level
5,=A; that the typical firm has been able to accumulate
in production, which we assume is the technological lev-
el of her firm, analogously to Howitt and Mayer-Foulkes
(2005). This generates a disadvantage of backwardness.
2) To a knowledge externality proportional to the differ-
ence between the nascent leading technological edge
in Country 1, (1+04;) Ay;¢and the current technological
level A;;. Here A, ;is the leading technological edge,
which is the technological level of the large scale sec-
tor in Country 1. The term (1+0y;) Ay ¢ represents the
nascent technological possibilities implicit at this tech-
nological level. Examples are the potential use of other
firm’'s new embodied technologies at time t+At, or of
their new ideas. The difference with A;; measures how
far back our innovating firm, situated in a leading or a
lagging country, is from these nascent possibilities. This
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generates an advantage of backwardness. In Country

1 the knowledge externalities will be proportional to
04;A11+ While in Country 2 they will be larger, propor-
tional to oy Ay +Aq+~Ay+- Now, due to the fishing out
effect, the effectiveness of this knowledge externality

is defined to be inversely proportional to the leading
technological level A, ;. Innovation occurs with certainty
combining these material and knowledge components
to obtain a rate of change of the technological level at
time t given by:

(oot sue)" i, 20)

“ii1Lz

8 i .
2 A (t+ At vpes } =
TAT L ULt+At) A0 ML

where u;.o10 > 0,0 < v < 1. Here A, n; = Ap (£+At.vpeens)

is a technology trajectory envisaged by the incumbent
over a small time interval [t,t+At) into the future, given
an expenditure level vj;, 2+ On innovation. Note that at

At =0, Az (t,vz:) = Az:. In particular %AL (t.vrs) = 0.

The parameter pL represents the innovation productiv-
ity of the combined inputs, which may differ in the two
countries.

The incumbent’s mark up, at time t+At will be

YA
=LA Ty, using myopic perfect foresight, at any

Lt+At
given time t she maximizes her expected rate of change
of profit

v LitAt

- -1
max {ﬁ {(1 — 61— (%) :Jzt__\g} _ —(1- oimt} (21
A=0

where ¢7.07 € (0,1) represent a profit tax and an in-
novation subsidy for the large scale sector, positive or
negative proxies for all distortions and policies affecting
profits and the incentives to innovate. The first order
condition is:

- -1
- Arsia: B
0 = [ﬂl {[1 —o7)(1- (X{LL—_;) )Zz_._\.\::|

—(1- o}_)m] (22)

Ae=0

2

) o xAr\ T xsd At ) -

(23)
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since all other terms are zero. Substituting (20) and sim-
plifying,

2 _1-064).(24)

0=(1-07)(l—v (+oip)dyrs—Ar: \¥ §U Y
( ) T (—47) e A

“11Lt

(1-v)(1-0%)

Letting fif = (1-o7)

iy, material inputs v;;

are given by:

: 1
I (#L i) : ((1+01L;‘1—41Lt_-‘112t) Srs.

X Az Eh )
Substituting this result in (20),
%‘*L: (t + At, t‘Le—Ae:J‘M:O =pur (mﬁ;f‘ﬁ) Sre (%‘ﬂ-)f (26)

Note that since z; depends on both A;;and A, a
relative scale effects that complicates the dynamics once
technological change in both variables is considered.
This aspect is simplified by using continuous myopic
foresight. Note also that innovation is decreasing in
market power ¥, because, as can be seen by following
the derivation above, the higher the market power, the
relatively lower costs are compared to profits and there-
fore the lower the impact of the cost of technological
improvement on profits. The easier it is to make profits,
the relatively less it is worth to spend on cost-saving in-
novation.

Note now that perfect myopic foresight implies

8%415 (t+ Atr@'LtJ‘ = %—' Lt Substituting 5; =A;

At=0

1—v
v ?

and setting ¢ =

(l—v)(l—oi) )g’ué‘Fg! (27)

T
I_OL

AL :#Lﬁz = (

d _ [ (14012)A1ze—A 2\
S nAr, = ( (1+o10)A1re—ArLs ) '
7 NAL: = U], EV AL (28)

2.3.2 Innovation in the small scale sector

In the case of the small scale sector | assume that each
competitive producer can innovate to reap the produc-
tive benefits of new technologies. Each entrepreneur
has perfect myopic foresight and maximizes the current
time derivative of profits. As before, the effectiveness of
innovation investment has two components. The first is
a material input flow vg;. The second is knowledge and
is proportional to two components. 1) The skill level S¢;
of the firm (entrepreneur, workers and installed pro-
ductivity), equal to A, . This generates a disadvantage
of backwardness, reflecting the limits to technological
change imposed by ongoing backwardness. 2) To a
knowledge externality proportional to the difference
between the technological level A ; of the large scale
sector and the current small scale technological level
Ag;. Thus we assume for simplicity that leading edge
technologies have first to be adopted in a domestic
industrial context to become useful in the small scale
context. For example, cell phones cannot be used with-
out a telephone company. Machines cannot only be pur-
chased from a domestic producer, since there is no trade

or foreign direct investment, and so on. The knowledge
AH—A

ALI

externality is proportional to In this setting
the small scale sector always lag behind the large scale
sector. Hence the numerator generates an advantage of
backwardness. The denominator represents the fishing
out effect. Innovation occurs with certainty combining
the material and knowledge components to obtain a
rate of change of the technological level at time t given
by:

Aps — As:

8 i , ) _ N 11—
mAs(t-i-Af;l-SH_\:)Lt:U—M,s( 15, 35:) v Y. (29)

Here ﬁgHAt = ‘515 (t + At.vssoaz) is the technology

trajectory envisaged by the entrepreneur over a small
time interval [t,t+At) into the future. The innovation
productivity pg is analogous to p;, except that it reflects
a limited kind of innovation, the kind of innovation
that can be carried out on a small rather than large
scale pg<p;. This is analogous to the distinction between
implementation and R&D in Howitt and Mayer-Foulkes
(2005), in that in the small scale innovation is unlikely
to use an R&D lab, employ scientists, and so on, and is



more likely simply to implement technologies created in
the large scale sector.

Recall that the defining characteristic of the small
scale sector is that it cannot obtain sufficient profit mar-
gins over significant market sectors. For simplicity we as-
sume all small scale firms are symmetric and know that
the others will behave symmetrically. The firms are the
same size, and this size is limited by a maximum level
of sales z;, much smaller than the aggregate sales level
z; in her market. One way to think about this size is

%= % which divides the market into some large

number of firms N representing an approximation to
perfect competition.
Small scale innovation (29) is now analogous to large

(1401)A1r:—Ar: \"
Air:

scale innovation (20) except that pp (

Ari—As

v
z, = 2t -
4 ) , Zy becomes Z: = £, and x be

becomes [ g (

comes 1. We consider an innovation subsidy ¢’ € (0,1).
. T . . .

but not a profit tax @g. since there is no profit. Hence

the same derivation yields material inputs given by:

1 _ _
vs = (isx)* (4522 ) A5 (0)
where jig = ___\__(11:‘;&3)#& and therefore
d A A <
— 5y ALt A5t Zt
d InAg: = fig A7, («4-&) (31)

<
L~ v 1
W|th !'.,LS = (ﬁ) ".,LS—’_Q.

2.3.3 The technological dynamics
Write A;; ¢ Ajsp i=1,2 for the technological levels of the
large and small scale sectors in Countries 1 and 2.

Definition 3. Define the relative technological levels

A 4
By =2 0

) ) (32)
£ Ay
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We can write (17) in the form

e T

(33)
Airs

£
where T; = —_% Substituting in (28), (31),

Xz
d _ <
ElnAz'St fis (1 — a;) (Téag'lt 'Ef:e') . (34)
- —c 1-¢£ <
alnﬁlmt flirX1 C1L (Tlalt 151) . (35)
L ndar, = i (1 be) (Taalirs)
o Indare = flarxs (1+ o1 —bs) (T2ay; "L2) . (36)

Each of these equations displays the effect of market
size, knowledge externality, innovation productivity and
market power. In effect, as we have commented above,
market power reduces the productivity of innovation
in the large scale sector, because it reduces the relative
impact of cost reduction. Thus we can define for refer-
ence below:

Definition 3. The effective innovation productivity in
each large scale sector is ;lz-LXi_g, for Countries i=1,2.
We can now turn to the dynamics of the relative tech-
nological levels.

_ ) B e \S
Elnalt [ﬁls[l —az) —,ulLolelg] (Tla}t ELl) . (37)
d 1 i 5 —<] 1-£ *
gpmon = [Bas (1 — az¢) = fiar (1 + 01z — ) X7 7] (Tiage ‘C?) . (38)

%mt = [y (1401 —be)x3® (Tga;;f;cg]’ e (Tla{;%lf_ (39)
The right hand sides of these three equations define

the functions H; (alt). Hs (ass, b:). Hy (a1, agz. bt).

2.3.4 Steady state in the leading country

The dynamics (37) of the relative technological level be-
tween the small and large scale sectors in leading Coun-
try 1 are independent. Note that H, (1) < 0. This means
the small scale sector of the leading country cannot
overtake the large scale sector in technological level.
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Theorem 3. The relative technological level a1t of the
small to the large scale sector in Country 1 has a unique
stable positive steady state a; € (0.1). The steady
state growth

T

— <
rateis y=oirfiy (ﬁafl '9!31) . which is increasing in

* L
a, and decreasing in 1.

Proof. Note that H, (a44)=0 has two solutions, 0 and

® _ ﬁlLJlL = B g =
a; =1 e H, is negative above and positive
below af, so the steady state at 0 is unstable and a’; is

the unique stable steady state. The growth rate

x(1—£) » \© ..
Y= % lIlAlLf = UlLﬂL (%al(l E)Ll) . This is

xi°

oL (1E) is decreasing in x4.

. . . T _
decreasing in x; since o=

The scale effect in the growth rate is partly counter-
acted by innovation dedicated to variety, which we do
not address here.

2.3.5 Steady state in the lagging country

In the case of lagging Country 2 the technological dy-
namics (38), (39) involve two additional variables a,; and
b;, the relative level of the small scale to the large scale
sector in Country 2, and the relative level of Country 2's
large scale sector to leading Country 1's large scale sec-
tor.

Note that H,(1,b;)<0, so Country 2's small scale sector
cannot catch up with its large scale sector. | assume that
when leading Country 1 is near its steady state Country
2's large scale sector cannot catch up with Country 1's
large scale sector, so H, (“f-‘“zrl){o* that is,

_ < N _ (1— <
farXs® (TN%?: Eﬁ?) < fLX1® (Tlal[l E)*Cl) . (40)

To understand the technological dynamics we exam-
ine the phase diagram of dynamical system (38), (39),
on square subset 5= [0,1]x[0,1] of the (a,4,b;) plane.
Let Ly, and Lp, be the subsets of the square for which

d d .
E]na2 =0 and El“bro respectively.

Lﬂzt is on a curve by = f%(a,,) given by

Ghag (1 —a
be=1+01 — lzﬁzsu( Et).
Har

(41)

a line with positive slope. In addition

e \S
%dh:gf“ = flarXs (Tzﬂét ELz) > 0, so above the

dlna dlna

line lL>0 and below the line <(0. Since we
assume that the small scale sector cannot overtake the
large scale sector, £% (1)>1.

th is on a curve b=f (a,,) given by

(1 s
f1r01LX1° (Tl‘ﬂll(1 E)ﬁl)

bt = ]_ —|— a1r, — } _ 1-¢ z .
far X3 ® (T2a2t *':2)

(42)

1% (a:) is increasing and concave since ¥ (az:) > 0 and
. . b .
1 (az:) < 0. Note that there is a value a,>0 for which

. - _ _ I
f? (ab)=0.Next, note that 2 diab — _z, 37* (Tga;t ‘552) <0,

so ik > ¢ for by < f* (a3) and €22 < o for b; > f° (a3).

Hence, since Country 2's large scale sector cannot over-
take Country 1's, 2 (1) < 1.

There are four ways in which the segment La,; can
be positioned with respect to the curve Lbr’ illustrated in
the four panels of Figure 1.

d .
No.te that drlnazr well defined for a,,.>0, even on the
ay¢ axis. Let

_fop (1 +o1z)

— .0).  (43)
XoHas

ay” = max(1

The first term is the value of a,; at which Ly, crosses the
. *x b .
ay; axis. Suppose a, <a,. Then, as in Panels 2, 3 and 4,

there is a non-empty set { (”21‘0):a;*§azz§ag} on the



dlnb dlna

ay; axis for which 7 0 and 7220. Correspond-

ingly, define b**=0. (az*,b“) represents a stable
dinb
dt

steady state. At these steady states, <0 represents
the amount by which the large scale sector in Country
2 is growing less than Country 1's. If also if

¢ epresents

a3* = 0. $Inag = flgg — flar (1 +012) X5
the amount by which the small scale sector is growing
less than the large scale sector in Country 2. In the special

dlnb

b
case a;*=a2, T —L0 so there is no divergence in growth
rates.
Note that there is never a steady state on the by axis

with b0 since here

d - _ #(1— s
o Inb; = —fiyzo10X7 ¢ (Tlal( E)ﬁl) < 0. (44)

Summarizing,

Theorem 4. Suppose the leading country is at a steady
state arE(O,l). Then there are four configurations of the
phase diagram, according to whether the loci Lay; and
th intersect once non-tangentially, twice, once tangen-

tially, or do not intersect at all. An intersection (ai,b"‘)
for which ¢ (a3) > ¥ (a3) defines a stable steady
state, labeled A in Figure 1. An intersection (a*f. b*) for
which 1 (a3) < 1 (a3) defines an unstable steady

state, labeled B in Figure 1. When a;*gag._ this is a
stable steady state on the ay; axis, with corresponding
b**=0, for which if a;*<ag the large scale sector techno-
logical level grows slower in Country 1 than in Country 2.
If also a; *=0, the small scale sector is growing less than
the large scale sector in Country 2.

For steady states of type A, when [las increases,
both a, * and b* increase. When X, decreases or far
mcreases b* increases and a2 remains constant. For
steady states of type B, a3* is increasing in Has andxz,
and decreasing in [lar . In particular the growth rates of
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Figure 1. Phase Diagram configurations for lagging Country 2.
In each case A is a stable steady state, B is an unstable steady state.
There are also stable steady states (a;*, 0) (of type C, marked with a
small circle) at which the whole economy diverges in growth rates,

and possibly also the small scale sector.
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both sectors are increasing in 25 at steady state a ,
while the small sector’s growth rate can be posrtrve.u‘y
or negatively affected by increases in [iy;, . For steady
states of type C, both growth rates tends to zero. How-
ever, near the steady state the growth rate of the small
scale sector is increasing in [lsg the large scale sector
remaining unaffected; the opposite holding temporarily
with flar .

Proof. Only the comparative statics remain to be
proved. For steady states of type A, note that loci L“zr'
Lbr given by (41), (42) can both be written in the form

I,

(1+o1L —b:) = h (aa¢). with a positive functions h.

=

2L

Hence when y, increases a2 remains constant while b*
decreases. Similarly, when [is; increases a2 remains
constant while b* increases. To obtain the static analysis
when fi25 varies, write the locus Lg, asbs = f* (age. fias).

the locus th remaining as b; = f° (as;). Note Bf - < 0.
Hence
" 9f® day; | Of° " 9f" dag (5)
Ofies  Oazs dfias  Ofigs’  Ofigs  Oazt Ofigg
Since £ (a3) > ¥ (a3) attype A steady states it

follows that

ars

daj — ab*
e g 2~ 0. (46)
Oflyg 212 _ 9f° Ofiyg
dass dass

For steady states of type B, the results follow from

#2L(1+‘71L}
X3fos

expression a3* =1 — . see equation (43).

Note that at these steady states the growth rate is:

d. . .- P k(15 . *
Yo = a]nij_ag\.bg_|=.u33 1—a5") (]’m;*l & ﬁg) — B oxy (Tml =y

£)".(47)

==(1—£

T = fyp(I+ow)xyt (Tgaz-

wx(1—£)

902)" = Aot (Tray

)" (48)

- dal” 1
Since 5= = Farllrosz)
Hosz ngu'gs

, it follows that

far (1+<71L

g s (1= a3%)] = (1 — a3%) — fias 5. —0- Hence
oy
Ts— > 0. Also, since g—L > 0, it follows s > 0.

The impact of K2z on }';* is positive for small ¢ and
negative for large ¢, when the disadvantage of back-
wardness becomes relatively larger.

For steady states of type C, a;* is zero independently
of smaII changes in fi2s. Therefore so is the growth rate
}'S . still given by (47). Therefore, near the steady state
the growth rate is still increasing in i, , while YL is
independent of fisg .

2.4 Deeper backwardness in Country 2

A general feature of underdevelopment can be proved:
In underdeveloped countries the small scale sector lags
further behind the large scale sector than in developed
countries.

Theorem 5. Suppose Countries 2 cannot catch up with

Country 1, and the relative effective innovation produc-

tivity ratio between the large and small scale sectors in
ﬁ?LXQ_

< ~ -
Countries 1 and 2 are equal, thatis, == = £
Has His

* ®
Then a,<a,: the small scale sector lags further behind
the large scale sector in Country 2 than in Country 1.
Proof. The locus Ly, meets the bs=1 line at

=1 —

~ —g
— HarXs T1L
Qg — G'.E = — —

. Hence, since L,__is
Hogz ! a7t

positively sloped,

I LTS Py —<
= ar X X
a{—a;>a§—a31:om(‘u‘f‘2 _#1}:1):
Hag

An alternative proof is the following. At the steady
states, equations (37), (38), (39) imply

e S B ~ gy \€

fiys (1 —a3) (TL‘IlLl 5’151) = [fiypouxit (Tlal(l €'£1) (50)
e <

= jfyr (1+ow —8)x3" (Tiazll £J52) (51)

= [ys(l—a3 ‘J(T"’an(l 852) -(52)

Hence, given the hypothesis and (40),



<

. - en . b — =(1-£) )
1—a] _ flarxg “fus (1 —af) _ H2LX2 (Tmz £ _>1 (53)

1—a;  frxi“fas(1—a3) Barxi® (Tlai(l_‘f]ﬁl)

2.5 Government incentives for innovation

Can the government improve on the private assignment
of innovation resources by subsidizing innovation? If so,
can it pay for this by taxing profits?

Following MF, in accordance with perfect myopic
foresight, let the government maximize the growth rate
of aggregate income Z; net of the flow of resources
dedicated to innovation,

e 535 Z (t + At vrsans. Vseens) 0 [Evr: + (1 —€) Nvg:] . (54)

A=
This optimization assumes market exchange
takes place in the presence of market power, so the
guestion posed is only seeking a second best. Here
z (t+ At,vrsiat, vsieat) IS an income trajectory envis-
aged by the government over a small time interval into
the future, given expenditure levels v, ; in innovation
investment in each large scale sector, and vg; in inno-
vation investment by each of the N firms in each small
scale sector. The maximization is subject to the physical
equations for technological change (20) and (29). Note
that the N small firms still repeat innovation in this gov-
ernment maximization. The following efficiency results
are obtained.

Theorem 6. In the large scale sector,

1) As market power tends to zero, when x— 1, privately
assigned innovation tends to efficiency.

2) When the market power tax is applied, as x0—1,
case 1) is approached in the limit.

3) Suppose that large scale sector profits are quantita-
tively higher than the shortfall for optimal innovation
investment. Then taxes and subsidies (pg, (pj:E(O._l) ex-
ist for which the government’s budget is balanced
and innovation is optimal. If profits are not that high,
a lump sum tax on wages is needed to obtain optimal
innovation with a balanced budget.

(+o1r)A1r:—Ar:
Air:

v
Proof. Substituting L ( ) for pg,

the same proof holds as in MF.
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3 Conclusions

The model developed here analyses the distribution and
efficiency properties of a developed or underdeveloped
industrial market economy as a function of the dynam-
ics of innovation and absorption. A large scale produc-
tion sector innovates for market power, while a small
scale, competitive production sector absorbs the tech-
nologies created in the innovative sector. The following
results have been proved.

First, the static results. Theorem 1 shows that aggre-
gate net income is decreasing in the large scale sector
market power, because higher prices for mass produced
goods divert resources from inputs to profits. It also
shows aggregate profits and profits per sector are in-
creasing in market power, while wages and aggregate
wage participation are decreasing in market power. The
aggregate wage to profit ratio is decreasing in market
power and in the number of large-scale sectors. Employ-
ment intensity in the large scale sector is decreasing in
market power, the opposite holding for the small scale
sector.

Theorem 2 shows the impact on wages of an increase
in the number of large scale sectors is decreasing in
market power. When market power is high enough,
wages can remain unaffected by the technological level
of the large scale sector.

Now, the dynamics of the model, generated by tech-
nological change. To simplify these, we use the concept
of perfect myopic foresight into the infinitesimal future.
This is equivalent to perfect foresight on the current
time derivatives of relative variables, for example when
maximizing the rate of change of profits. Innovation
inputs are: the current state of knowledge, including
installed technology, and material inputs. We assume
the incumbent has a small innovation advantage. The
lagging country’s large scale sector benefits from ab-
sorbing technologies from the leading country’s large
scale sector. Each country’s small scale sector absorbs
technologies from the large scale sector. The optimal
private rates of investment in technological change for
the large and small scale sectors can now be derived.
These result in the rates of technological change for
both sectors — the rates of innovation and absorption.

Theorem 3 shows, as in MF, that there is a steady
state for the relative technological level between the
small and large scale sectors in leading Country 1. The
corresponding steady state growth rate is increasing in
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the relative level of the small scale sector and decreas-
ing in the market power of the large scale sector.

Two variables describe the steady state of lagging
Country 2, the relative level b; of its large scale sector
to Country 1s, and the relative level a,; between its
small and its large scale sectors. Theorem 4 shows both
variables a; and b* may have a positive steady state, or
b* may be zero, or both may be zero. The positive cases
represent parallel growth, and the zero cases represent
parallel growth not achieved: divergence in growth
rates.

Let us turn to the comparative statics for the lagging
economy. In the case of the positive steady states, the
relative level of Country 2 to Country 1 is decreasing in
the large scale sector's market power, and increasing
in its innovation productivity, while the relative level
of the small scale sector remains constant in the case
considered here. Increases in the small sector innovation
productivity [sg, representing for example the effect
of policies addressing the public good nature of absorp-
tion, always benefit the small scale sector. and mostly
also the large scale sector. At positive steady states of
type A, they raise both the relative level a; of the small
scale sector to its large scale sectors, and the relative
level b* of the domestic large scale sector relative to
the leading large scale sector. At the zero cases the rela-
tive level 25" of the small scale sector is also increasing
[as, butis decreasing in large scale sector innovation
productivity [sz and x5. Hence also the large and small
scale sector growth rates are increasing in flas if a.;*>0.
Only when both steady states are zero are the growth
rates independent, each depending solely on its own
innovation productivity fsg, Koz .

Summarizing, the results show that wages depend
on both innovation and absorption. Each of these tech-
nological processes requires for optimality differently
motivated public policies in physical and human capital,
technology, infrastructure, and so on.

Theorem 5 shows, without any additional assump-
tions, that in underdeveloped countries the small scale
sector tends to be more backward relative to the large
scale sector than in developed countries, because it has
better access to spillovers from developed R&D. This
contributes to an explanation for the large informal
sectors in underdeveloped countries.

Theorem 6 compares the private rates of innovation
investment with those that would be optimal for a be-
nevolent government. The government maximizes the

rate of change of aggregate income, consistently with
our perfect myopic foresight framework. The presence
of market power makes the innovation investment-to-in-
come ratio inefficient, since the impact of cost savings

is understated. As market power decreases, innovation
tends to efficiency. By contrast, the innovation invest-
ment-to-income ratio is efficient for absorption. How-
ever, this does not take into account 1) the fact that the
effort expended in technology absorption is repeated

in all competing firms, 2) that government investment
in skills useful to the small scale sector can increase the
absorption rate. That the aggregate income level is re-
duced by market power implies an additional inefficien-
cy factor in both innovation and absorption.

Continuing with Theorem 6, in our simplified context
a tax on market power improves the efficiency of inno-
vation. In a more general context, a market power tax
can allow a government to select a mark up consistent
with an optimal level of market power.

Alternatively, given fixed or endogenous levels of
market power, the government can reach optimum in-
novation (but not production) with a balanced budget
by using an appropriate combination of taxes on profits
and subsidies on innovation, requiring in addition a
lump sum tax on wages for low profit levels. This policy
for optimizing innovation can complement a market
power tax, that can only approximate efficiency.

The results and discussion show that free market pol-
icies are suboptimal for developed and underdeveloped
industrial market economies, in levels, growth rates,
wages, and equity. These can all be improved by taxing
profits and subsidizing innovation and absorption, con-
sistently with active public science and human capital
policies.

The model shows that optimal technology policies
need to be two-pronged, supporting both innovation
and absorption. Supporting absorption will benefit both
sectors, while supporting innovation tends to increase
growth without reducing inequality, and might for cases
with low knowledge externalities, if the small sector is
relatively large and diverging in growth rates, even de-
crease the small scale sector growth rate, when the dis-
advantage of backwardness becomes relatively larger.

The model can serve to understand a series of issues
of developed and underdeveloped industrial market
economies, under the contradictory impacts of inno-
vation and competition on welfare and distribution,
such as pro-poor growth, global income concentration,



increased corporate political influence under deregu-
lation, sustainability in the face of both poverty and
corporate power, the global economic business cycle,
informality, and so on.
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