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Abstract

| evaluate the optimality properties of a two sector market economy consisting of a mass
production sector with market power and a competitive sector with small scale production.
Adam Smith's results hold: the presence of market power renders production and innovation
inefficient, as higher prices for mass produced goods deviate resources from inputs to profits.
Aggregate production, wages and innovation in both sectors are suboptimal. The higher the
large scale sector market power, the more important small scale sector innovation is for salary
levels. An approximation to the first best in production and innovation can be achieved by a
product-specific market power tax rewarding production rather than profit rates, with zero
taxes levied at equilibrium. Innovation, but not production, can be optimized by taxing profits
and subsidizing innovation. The concentration of property inherent in the large scale sector
also helps to explain the inequality pointed out by Piketty in “Capital in the Twenty’First
Century”.

These results hold for leading countries or for countries lagging in levels or in growth
rates. In lagging countries differing only in institutional and fixed productivity effects, the small
scale sector is relatively more backward than in leading countries. This provides an
explanation for the existence of large informal and other excluded sectors. Pro-poor growth
reduces market power in the large scale sector and promotes technologies in the small scale
sector. La concentracion de la propiedad inherente del sector de produccién masiva también
ayuda a explicar la desigualdad que sefiala Piketty en “Capital in the Twehty’First Century”.

Keywords: Welfare, market power, inequality, optimality, mass production.



Resumen

Evalio las propiedades de optimalidad de una economia de mercado de dos sectores, un
sector de produccién masiva con poder de mercado y otro competitivo con produccion en
pequefia escala. Los resultados de Adam Smith se mantienen: la presencia de poder de
mercado hace que la produccion e innovacion sean ineficientes. La presencia de precios altos
en los bienes producidos en masa desvian los recursos productivos de insumos a ganancias. La
produccion agregada, los salarios y la innovacion son subdéptimos en ambos sectores. Entre
mayor sea el poder de mercado del sector de gran escala, mds importante es la innovacién
del sector de pequefia escala para los niveles salariales. Una aproximacion al éptimo de
mercado en produccién e innovacion puede lograrse mediante un impuesto al poder de
mercado en lineas de produccién que premie la produccion en lugar de las tasas de ganancia,
con cero impuestos gravados en el equilibrio. La innovacién, pero no de la produccién, puede
optimizarse por medio de un impuesto a las ganancias y un subsidio a la innovacién. La
concentracion de la propiedad inherente en el sector de gran escala también ayuda a explicar
la desigualdad sefialada Piketty en “Capital en el siglo Twenty'First”.

Estos resultados se mantienen para paises lideres y para paises rezagados en niveles
o0 en las tasas de crecimiento. En paises seguidores que difieran sélo en instituciones o en
efectos fijos de productividad, el sector de la pequena escala es relativamente mads atrasado
que en los paises lideres. Esto proporciona una explicacion para la existencia de grandes
sectores informales o excluidos en paises subdesarrollados. Un crecimiento pro-pobre debe
reducir el poder de mercado en el sector de gran escala y promover la absorcién de tecnologia
en el sector de pequena escala.

Palabras clave: Bienestar, poder de mercado, desigualdad, optimalidad,
produccién en gran escala.



Introduction

I examine the optimality properties of a market economy with mass production. To do this I
construct a model with a continuum of goods that are produced in one of two ways. The first
is by mass production, with a single producer for each good, who therefore has market power.
The second is by small scale production in a competitive sector, with an infinite number of small
producers for each good. I show that the presence of market power renders production in this
economy inefficient.

Next I include innovation. In the mass production sector, for simplicity I consider that the
producer has an innovation advantage over her competitors. She innovates continuously and pro-
duces for the whole market. I let her market power be endogenous, increasing with her innovation
investment, but also limited by the competition of other potential producers. In the small scale
production sector any worker has access to the small scale technologies of production and can po-
tentially run a firm as well as innovate to improve small scale production. Thus all firms in the
small scale production sector also innovate continuously. As before, the presence of market power
renders innovation inefficient. When market power is increasing in innovation (and therefore a fixed
markup is not assumed), this reduces the distortion of innovation due to market power, but also
reduces the participation of wages.

Innovation is modeled as a function of three inputs. The first consists of positive externalities
from the leading technological edge. For simplicity I assume that these spillovers between countries
occur between the large scale production sectors, and that in each country additional spillovers
occur from the large scale to the small scale sectors. These spillovers generate an advantage
of backwardness and therefore convergence. The second is current, implemented knowledge and
skills. These can generate a disadvantage of backwardness and therefore divergence. The third is a
material input, which occurs in proportion to the combination of the first two inputs. For simplic-
ity, innovation is modelled with certainty and with myopic perfect foresight (into the infinitesimal
future), itself a technical contribution of the paper. The presence of both advantages and disadvan-
tages of backwardness implies the existence of multiple steady states in technological change that
model development and two types of underdevelopment, one lagging in levels and the second in
growth rates. The inefficiency of the market economy in the presence of mass production, for both
production and innovation, holds across the full spectrum of development and underdevelopment.

The next question is whether a benevolent government can improve the functioning of a market
economy with mass production through a combination of taxes and subsidies. I show that the first
best can be approximating by taxing excess profit rates, therefore rewarding production rather than
profit rates and discouraging market power. In the equilibrium this regime has no taxes. Innovation
can be optimized by taxing profits and subsidizing innovation in both the large and the small scale

sectors, with a balanced budget.'

!The combination of high profit taxes and support for science (as well as human capital formation) in the US during
the Great Prosperity approximately give this combination.
1



While the assumption of market power is standard in the literature on innovation, following is
data supporting both this assumption and the concept of a two sector economy with large and
small scale production. According to the US Census Bureau, in 2011 89.8% of the 5,684,424 US
firms had 20 employees or less, employed 17.9% of the US workforce, and paid 14.2% of the payroll.
(Thus 10.2% of firms had more than 20 employees, employed 82.1% of the workforce and paid 85.8%
of the payroll.) Looking at larger firms, 0.3% of the firms had 500 or more employees, employed
51.5% of the workforce and paid 58% of the payroll.> Market concentration has been the norm in
US production during the 20th Century. From 1935 to 1992, the average production of the four
largest firms in 459 industries was 38.4% of all shipments.” In 2002, the 201 largest manufacturing
companies accounted for 57.5% of manufacturing value added.* Consistently with market power,
Hall (1988) shows in a study of US industry that marginal cost is often well below price. Industrial
concentration has also been a salient feature of globalization. In 2007, 89.3% of global FDI inflows
consisted of mergers and acquisitions (UNCTAD, 2008). By 2008, the world’s top 100 non-financial
transnational corporations produced 14.1% of global output (ibid). Nevertheless, market structure
is a complex subject. The literature on industrial organization, market structure, and game theory
is extensive and distinguishes itself by its complexity. Standard theoretical and empirical solutions
for the main problems are still to come: “Why are some industries dominated worldwide by a
handful of firms? Why is the size distribution of firms within most industries highly skewed?
Questions of this kind have attracted continued interest among economists for over a half Century”
(Sutton, 2007).

The large scale sector appeared in the US in the late 19th Century with the consolidation of the
Second Industrial Revolution. Lipton’s (2006) first wave of mergers and acquisitions took place
from 1893 to 1904. This period saw the birth of the main steel, telephone, oil, mining, railroad
and other giants of the basic manufacturing and transportation industries. The late 19th Century
was also the time when a wave of mergers radically transformed the banking sectors of Boston and
Providence (Lamoreaux, 1991). The Sherman Antitrust Act, meant to prevent the destruction of
competition through the formation of cartels and monopolies, dates to 1890, indicating the same
time period in general terms and also an existing tendency for economic consolidation based on
strategic competition. Lipton’s (2006) second merger wave, from 1919 to 1929, saw the emergence of
the major automobile manufacturers, featuring vertical integration that in the case of Ford reached
all the way to the iron and coal mines.

In the next section I develop the model for a market economy with mass production and prove its
inefficiency. In the following section I extend this result to the case of innovation. The analysis of

taxes and subsidies for improving efficiency is included in each of the sections. Finally I conclude.

2See http://www2.census.gov/econ/susb/data/2011/us_ 6digitnaics_2011.xls read 4/25/2014.

3See data in http://www.census.gov/epced/www /concentration92-47.xls, read 4/21/2014. (It would be very useful
for summary tabular data by firm size to be available on employment, value added and profits together.)
thttp://www.census.gov/prod/ec02/ec0231srl.pdf, read 4/27/2014.



1. The Model

Consider an economy with two sectors L and S that produce a continuum of tradeable goods
indexed by n € [0, N], where each 7 refers to a product and N > 1 is a measure of sectors that we
will keep exogenous. Large scale sector goods n € ©p = [0, N1) use a mass production technology
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 n € Og = [N, Np + Ng|, with N, + Ng = N, are
produced on the small scale, with constant returns to scale, therefore modelled with infinitely many
small, identical, competitive producers. For now I take Ny and Ng as exogenously determined by
two types of innovation, the creation of product variety and the creation of new or even of general
purpose technologies for mass production. However, in each sector technological change follows
a distinct endogenous dynamic of technological change due to the different kinds of competition
structure. For simplicity I abstract from innovation uncertainty and assume that innovation is
symmetric within each sector L and S. Thus I am all assuming goods 7 € ©; in each sector j have
the same technological level A, j € {L,S}.

Innovation occurs as follows. In the large scale sector L there is for each good n € O a single,
infinitely lived innovator who invests in innovation and becomes a national monopolist, producing
in the presence of a competitive fringe. 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.

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

Because incentives for innovation are higher in sector L, Ar; > Ag: will be maintained.

I assume innovation as in Mayer-Foulkes (2014). At each time ¢ the economy is fully defined by

the state variables, Ay, and Ag;.

1.1. Consumption. Let the instantaneous consumer utility U = U (C;) depend on a subutility
function C; for an agent consuming ¢;(n) units of goods n € [0, 1], according to the Cobb-Douglass
function

1—6 [~
(1.1) In(Cy) =InN + ~ ), In (¢(n)) dn,
where 0 < # < 1. As we shall see, given a constant budget and goods at a constant price, this

utility function expresses Cobb-Douglass preferences for variety.
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1.2. Two kinds of producers. 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
economy. Producers 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 profits 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 I assume this competition lies in the large scale production sector. I limit myself
to innovation as the source of market power, though fixed costs and increasing returns to scale are
also present in mass production. In constructing the model I attempted to use these in addition to
innovation, but both gave rise to mathematics that were too complex for the present purpose.’

By contrast, small-scale production occurs in small firms that I will assume are price takers.
Nevertheless, these firms will also invest to improve their productivity. However, the returns to
this investment will not be profits but labor productivity. The two processes of innovation will
be thought to be qualitatively different, again because the first operates on a large scale and the
second in the small.

The previous two paragraphs explain why, while the large and small-scale production sectors are
quite different, their production functions can for simplicity both be represented as Cobb Douglass
functions. The two sectors will only be distinguished by their competitive context. Nevertheless, I
still assume that the sectors can differ in their labor intensity, generally the small-scale sector being
more labor intensive.

Definition 1. The production function for goods n € ©; in sector j € {L, S} is:

(12) ) = - [aselm]™ log Ayl € (L5},

where aj + B; = 1, g = a?]ﬂfj, j €{L,S}, and Bg > B when the small scale sector is more
labor intensive.M

Here y;:(n) represents the quantity produced of good n € ©; and xj;(n) a composite good input,
representing the input of a continuum of goods according to the definition following below. g¢; is
a fixed productivity factor representing the effects of such non-technological factors as geography,
institutions and policies influencing each sector’s total factor productivity. This might under certain
circumstances differ in the large and small scale sectors. Aj; is the technological level in each sector.
Lj¢(n) is the quantity of labor input. The introduction of scaling factors ¢; facilitates the comparison
of Cobb-Douglass functions with different «;.

The composite good flow z;(n) complementing labor can in part be considered as a flow of
capital services. Being complementary to the flow of labor j;(n) it allows for the determination of
a wage without introducing an additional state variable for capital.
5Tt 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, increasing returns to scale are related to the ratio of employment demand
between the two sectors and therefore to wage levels.
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Definition 2. The composite good x represents the combined input of all goods n € [0,1] according

to the kernel:
1— N

6
(1.3) Inzy =InN 4+ —— In z;(w)dw. M
N Jo

This has the same kernel as the utility function, and for a constant budget makes variety more

productive. I let the price of the composite good be the numeraire.

1.3. Purchases of composite good. Suppose a producer has a budget B for purchasing inputs
ijt, xft to form the composite good input, and assume large and small scale sectors goods each
have a common price pr, psi. Since the composite good kernel is Cobb Douglass, the optimal
input allocation dedicates the same budget to the purchase of each type of good 7. This budget is
B B s B

» so the quantity bought of each type of good is xft = N T T N Hence the quantity of

composite good produced is given by

B

1.4 Inz; =InN+4+(1-6 In +(1=¢)In ,
(1.4) : =) (em P a-om T
where

_ Ng _ Ng
(1.5) £—N,sol—§—N,
which implies

_ N\ —(1-0)

(1.6) zy = N°B'™" (PitP;f) :

Given a budget pELtp}g;E, the amount of composite good produced is z; = N?, showing that variety

improves the productivity of goods bought with a constant budget. Since the composite good is
the numeraire, this costs N?, so

1—
(1.7) jz)thpStg = N,

A similar result holds for the purchase of consumption goods.

1.4. Choice of inputs. Let w be the domestic wage level. When small producers minimize costs,

they choose a ratio of composite good input to labor:

TSt QsWt
1.8 = = .
18 Lst Bs
It follows that the production cost and price pg; of each unit of good 1 € Gg is constant in 7,
aswilst
1.9 kgt = ————.
(1.9) rBs
11% [q;A; %
(1.10) _Yst H {%at}
rkst + wilsy r Wy
Bs
. Wt
1.11 psy = 7Y [ }
(L11) ! asAsi
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and the production quantities are
L g Bs
(1.12) Yst = Fwt [qs Ast]” Ist.
S

The level of production is given by the aggregate expenditure level on this good, z; = pstys:.
The Cobb Douglass structure of the composite good input and similar preferences for consumption
will make z; constant across sectors of all types. Because this sector is competitive, expenditure

equals costs and
(1.13) Tgr = sz, wilsy = Bgzt

In the case of large producers, I consider that each domestic sector has two types of potential
competitors. The first type of competitors are small-scale producers, who can produce good 1 using
a technological level Ag;. Hence it will always be necessary that pr; < pg¢, mass production just
being feasible at equality. The second type of competitor is a potential industrial competitor with
a lower technological level x; YAz, with X; > 1, 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 incumbent
will keep to a maximum price level just at the feasibility level for her competitor. We can think
that other potential industrial competitors have even lower technologies for the production of this
particular good 7.

The level of production considered by both the incumbent and her competitor are given by the
aggregate expenditure level on this good, z; = pr: (1) yre (1), which as we have seen is constant
across sectors of all types.

As we see below the maximum markup that the incumbent can use will be Xf L. Unless we
are considering a transition for which mass-production comes into existence, the usual case will
be when under the full markup Xf L nevertheless p;; < psg;. The markup is a measure of the
incumbent’s market power. I will endogenize y, below by assuming that the relative advantage
of the producer depends on her technological level. The formulation, introduced together with
endogenous technological change, will permit a direct comparison with the case of constant ;.

Writing subindex C' for the incumbent’s industrial competitor, since pc:yor = 2¢, and prelimi-
narily dropping 7 from the notation as we consider a single sector, the competitor’s price is given
by minimizing

(114) min “t s.t. xor + wtht = Zt.

- B
iﬂ%ﬁ [(JLXt 1ALtht] t

It is not hard to see that cost minimizing inputs satisfy
Trctr LWy

(1.15) — = ,
lot Br
and that therefore the competitor would use inputs oy = L%, rot = arz:, and arrive at a pro-
-1 8
duction level yor = 2 [%f”} " 1t follows that the incumbent sets the competitor’s potential
price
Br

Wy

(1.16) PLt = PCt = [_] .
arX; ALt
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Now the incumbent maximizes profits by setting this price and supplying the demanded quantity
yrt = 2zt/prt- To minimize production costs she also selects inputs according to the ratio

T apwy

e Br

The incumbent produces quantity yr; = yoy above, but requires less inputs than her competitor.
It follows that

(1.17)

(1.18) wtlLt:ﬁLX;Bth, th:aLX;Bth.

Hence the incumbent’s profits will be income minus costs,
(1.19) moe = (1—x; "1z

Because the production function, wages and prices are constant in sectors 7 of the same type, so

also are the quantities (1), ;:(1), yj:(n), so the variable 7 can now be dropped from the notation.

1.5. The wage level. The wage level can now be obtained by substituting (1.16), (1.11) in (1.7).

w; ]Bﬁ[ w ]35(15)
qarX: YA qsAsi ‘

Now defining the mean relative labor participations 7y, 7g in each sector, and a mean variety

(1.20) N? = pl " = [

impact factor 6,

Bré h— 4

(1.21) =g peg ST e g

it follows that

(1.22) we = N° [qrx; " A" lgsAsi] s .
Substituting back in (1.16), (1.11) and simplifying,

A —1 TLhs

085 |arx; ALt
1.23 pse = N [} ,
(1.23) ! ¢ qsAst

. B
(1.24) L = NfﬁL |:qSASt:| vsPrL ‘

qLx; ALt
Note v.,8¢ + 7581 = Mf%ii(ﬂ_g), S0
1
(1.25) Pst _ ([ NOBs—BL) |:QLXt 1ALtrSﬁL PLETpSY
pbrLt qsAst

This quantity has to be greater than 1 for large-scale production to outcompete small-scale pro-

duction and therefore be feasible.

1.6. Market clearing for goods and labor. Let the population of the economy be £. Suppose
L5, and Lg are the employment levels in sectors L and S, with £; + Lg = £. Then specific sector
employment levels I, lg; satisfy:

(1.26) Nplpy =Ly, Nglsi =Ls, Nplps+ Nglsy =L
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and the market clearing condition is L7 + Lg = L. Now, since the participation of labor is

wilsy = Bgz in sectors S, see (1.13), and wil: = BLX;'Bth in sectors L, see (1.18), it follows that

It 5LXt_6L
1.27 —_ ===
(1.27) Ist Bs
Hence, we can solve
N
(1.28) lst = _fsﬁ/ :
EBrxe +(1=8)Bs
_IBL N
(129) lLt — /BLXt E/

8. F +(1-6)Bs

1.7. Income. From wages and employment income now follows. Using equation (1.13) and (1.22),

1 N~ [qrx; " Are] ™" [qsAse]s £
(130) 2t = Fwtlst = [ 7;L ] [ ] .
s E0rx; " F +(1=¢)Bs
Note that aggregate net income is Z; = ag fON ztdn = Nz;. The average wage participation is
wtﬁ _
(1.31) No = 0 L+ (1-¢) Bs.
Zt

As & rises, wage participation drops because 8 x; P _ Bg < B, — Bg < 0. Wage participation in
the large scale sector is lower than in the small scale sector, one reason for Schumacher’s “Small is
Beautiful” (1973).

To work out net income, write down the income identity breaking down gross income into wages,
profits and expenditure in intermediate goods,

(1.32) Wi+t + Xy =2y, V=W +1I; = Z; — Xy,

where

(133) Wy=wl, I =Nérp=(1—y; )Nz, Xo= [5aLX; oL 41— € ag| Na.
Net aggregate income can be written out in two useful ways,

(1.34) Y, = Z,— X, = [1 —tarx; - (1-6) 055} Nz

(1.35) = YT (xe) N [qr A" [gsAsi]s £

where Y (x;) expresses the various static impacts of market power,”

&8, +6ar (1-x%) + (1-©) Bs
8., F +(1—¢€) B

—YL

(1.36) T (xt) = Xt

Proposition 1. Aggregate net income is decreasing in market power: Y (1) = 1 and for x > 1,
T (x) <0.

6For an example, let Bg = B, = %, x;BL = 8, &=
T (x,) = 0.835. If instead B4 = 0.733, 7, = 0.4373, x;

Then v, = 3, x, = 0.87° = 1.953, x; '* = 0.716 and
=0.746 and T (x,) = 0.861.

1
5-
L
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Proof. For the purposes of the proof, let A = (6, B=(1—-¢)8g, C =&ar, =01, v ="7L-

__A _ BLE __A
Then = 417 and v = ﬂLS-Hi’Ls(l—E) = 175 Now

B
x”+1<A+BXB)2d<A+C(1 . )+Bx_”’)=

dx Ax—B#+ B

= ACy+(A+B)(A+C)B-7) X —BA+B+C)n?*»
A2C+A(A+B)(B-C)x’ —AB(A+ B+ )%

IA
o

In particular

A+B
A2C (1-x%) + AB(A+ B) (1 —x%) x® — ABC (1 + x*) x*
A+B
24BC (1 -8 ouwfiBs

(1) = —

(A+B)® (68, +(1—¢)Bg)°

1.8. Endogenous market power. Now I let the endogeneity of market power in the mass pro-

duction sector be explicit. Since market power in this sector is one of the objectives of innovation,

I suppose that an incumbent’s market power is a function of the ratio of her productivity to the

average productivity level, so that

(1.37)

Hence from (1.30)

(1.38) 2t
(1.39) wy

wtﬁ
(1.40) N
(1.41) lst

QLALt] "

Xt = X
! 0 [QSASt

N—(1=0)y e [qLALt](l—H)vL [gsAge] ST L
e8ve " [1=42] ™" 1 (1 - ) 8
NexavL [qLALt](l—F»)vL [qSASt]vermL 7
e8x0™ [242]™" 1 (1 - 98,
B5L/N |
€8x [2242] ™ 4 (1 - ) 8

9

1.9. Market power and 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 Y; is decreasing in market power.

2) Aggregate profit and profit per sector are increasing in market power.

3) Wages and aggregate wage participation are decreasing in market power.

4) The aggregate wage to profit ratio is decreasing in market power and in &.
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5) Employment intensity lr; in the large scale sector is decreasing in market power, while em-

ployment intensity lgy in the small scale sector is increasing in market power.

Proof. 1) Aggregate income on each sector is decreasing in market power.

£ﬁ2 —Br—1
(1.42) Inz = —2L4
o Xe €8x F + (1-€)Bs
(1.43) < 2Ly AT
’ -BL -BL
Xe  &8rxy “+ (1 =€) Bsxy
(1.44) _ =8

Xt
Finally, 5-1In (Y) = ?(t In(Nz) = aixt In 2.

2) Aggregate profit and profit per sector are increasing in market power,

—Br—1
: N : TLt : -8 Brx: -
0 — 0 12t _ 0 _ L PLXt
(1.45) oy, I Nz o In o o In (1 Xt ) ) X;BL > 0.

3) Wages and aggregate wage participation are decreasing in market power.

YL ’U)t,C

0
(1.46) oy, Mwe = v < dx Inz < 0. Hence lnN—t < 0.
: _ wi L €8x, L +(1-6)8 P
4) Using (1.33) and then (1.31), W = (1—X;§L)§Nzt L(i i 5. Hence, first dividing
numerator and denominator by &,
0 W 1
85 & 1—x""
Writing s = x; PL for the markup, % so, using (1.21),
1— —1)— 1—
(1.48) 0 <Wt> _(1=9 55 (—1) (ﬁfL + (-8 Bsx) 6L2 <.
O« (x—1)7¢ (x=1)"vL
5) Employment intensity lg; in the small scale sector is increasing in market power,
2, —Br-1
(1.49) 2 Inls, = $hLxs > 0.

6.x; 7"+ (1—¢€) Bs

Hence, by (1.26), market power distorts employment in the large scale sector downwards.ll

1.10. 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 ;.
Theorem 2. When the size of the large scale sector increases, wages respond as follows:
1-k
—1 | qLALe
Olnw; Frfsln <XO [QSASJ )

(1:50) %6 T Gt Bs (-0

aLALt
qsAst

with % > 1. For high enough market power, wages depend only on the technological level of the

1-k
This is non-positive for high enough market power, when xqo > [ } , a condition consistent
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small scale sector. This occurs for example under the following two similar conditions, 1) large
scale producers can raise prices to the level of the small scale sector, prt = pst, or 2) endogenous
market power x, is given by the ratio of large scale to small scale productivities, xo = K = 1. In
both these cases wages depend only on the small scale sector technology, as follows:

(Bs—BL)¢

01— IS=PL)E
(1.51) 1)wg=N U BsGLerss0-9) g5 Ag, 2) wy = NVqgAg;.
; Oy _ BLBs Os _ _ 9y
Proof. First, note ¢ Boeths(1-0)? > 0, ¢ 98 < 0. Hence
dlnw ) _ 0 BrBs [In [arx; ' Are] — In[gsAsi]
o ;LIH[QLthALt]+%1H[QSASA: Bs [In [arxy  Ari] 2 ]
£ £ £ (Br& +Bs(1=¢))
1-k
_ A
BrBsn <X0 ! [ZéAéi] >
(1.52) = 5 .
(Br& + Bs (1 =-8))
-1
This is nonpositive if market power is large enough, when % < 1. This condition is consistent
with ]’)’% > 1since N > 1, see (1.25). There are two relevant scenarios which imply this condition.
1 _0(Bs—BL)
If % = 1, by (1.25) % = N FPsfr < 1 which yields the result. If xo = k = 1, the

condition holds at equality. The expressions for w; follow from (1.21), (1.22) and (1.37).1

1.11. A market power tax. The results show that the presence of market power implies an
inefficiency in production levels and wages. Therefore if incentives can be found for producers not
to diminish production to raise their prices and profits, aggregate economic efficiency will rise.

Let us suppose that a series of conditions not modelled here imply the social, economic or
political convenience of some socially designated positive profit rate for large scale production,
which however is lower than can be obtained in an unregulated market. I define a market power
tax, specific to a product line, whose incentives are for the producer to decrease her exercise of
market power up to the socially designated profit rate. Hence at equilibrium the market power tax
produces no charge and instead has the effect of increasing production. The effect of the market
power tax is to improve both efficiency and equity.”

We have seen that several conditions define a maximum markup factor Xt’B L by which the large

scale producer can increase her prices above unit cost. For any feasible markup s € [1, x; | profits
1—x"1
1

will be 7 = (1 — %_1) z:. Note the profit to input rate is =x—1.

Let 7 (5¢) be the tax schedule

(1.53) T(3) =

70 (50 = 300) + ¢ x> 3,
o1 » < .

Besides the constant profit tax rate ¢7, above the profit rate s — 1, where > € (1, Xf L), taxes rise

with markup rates. The result is that from this point on profits are higher for higher production

levels rather than higher gross profits.

TAt this point other reasons for taxation are not being treated, including all types of public and social goods and
equity. However, a more efficient and equitable society has less unsatisfied needs and may therefore need less taxes.
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Theorem 3. Under a tax schedule T () the economy can approximate the first best for which
x; =1. If 79 > m, the economy behaves as if market power has lowered to x, = %é/ﬁL. In
this example the marginal tax on profits as the markup increases at g is less than 1 so long as the
profit rate is less than 61.8%. Define instead tax schedule (1.58) using »y = 1. To avoid the tax

large scale production adjusts to a markup »* (19) = /1 + 710, which also tends to 1 as 79 — o0.

Proof. Below 3, since 3¢ < Xf L the incentives are to raise prices to increase profits. Above ),
the derivative with respect to s of (1 — 7 (3)) 7 (3) = (1 — 79 (3r — 55)) (1 — 571) 2 is negative
if
(1.54) 0>—79(1— %_1) + (1 =79 (3¢ — 59)) 22
(1.55) & 0> -—79 (%2 — ) +1—70 (3 — )

For ¢ > 1 to satisfy the inequality we need ¢ (%3 — %0) > 1, that is, 79 > L ik The inequality

20 (s0—1
remains valid for s¢ > 3¢ since the next derivative with s, —7¢ (25 — 1) — 79 < 0 for these values.

Observe that the marginal tax on profits at s is

iz [(1 =7 (50)) Tt (52)]

Lt ()

-2
)

—1

(1.56) = —
1 -5

<1

n=ux0
when %g — 39 — 1 > 0, that is, so long as s < %\/5 + % = 1.618, which will only stop holding in
this stylized case when the profit rate is above 61.8%.

Now let 3¢9 = 1. Then the derivative of (1 — 7 (5¢)) 7w (5¢) is negative if

(1.57) 0> 79 (32 —3)+1—1o(se—1)=1— (1 + )79 (3 — 1),

that is, for s > »* (179) = /1 + ?10'.

In what follows, given a tax schedule 7 (5¢) defined by (1.53) the notation considers that market

power is fixed at x; = %é/ p L, and that taxes on profits in the large scale sector are ¢7 .

2.

2. Technological Change

I define a process of endogenous change for the technological levels Ar;, An; in this two sector
economy. The process described applies to both a technological leader creating new technologies
and to a lagging country implementing or adopting technologies from a technological leader. This
framework can be extended in further work to the context of trade and FDI.

I define 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, in this model a scale effect occurs in innovator’s incentives through
the impact of the future relative size of the small and large scale sectors. A model with perfect

myopic foresight simplifies the treatment of this scale effect by bringing it to the current time.
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2.1. Innovation in the large scale sector. As mentioned above, there is in each mass production
sector a single, infinitely lived innovator who can produce an innovation for the next period. I
consider a myopic innovator who maximizes profits in the short term At by choosing innovation
inputs. Then I let At — 0 and obtain a continuos time model. By contrast in the small scale
sector each producer will be a worker-innovator who maximizes her earnings by maximizing his
productivity, also in the short term At.

The effectiveness of innovation investment of the product n entrepreneur has three components.
The first is derived from knowledge and is proportional to the skill level S;; = Aps that she has
been able to accumulate in production, which we assume is the technological level of her firm. This
generates a disadvantage of backwardness. The second component consists of positive externali-
ties from the nascent leading technological edge, ((1 +op)Ap — ALt) At. The term (14 o) Ayy
represents this technologically multiplying impact, presenting itself in diverse forms as nascent pos-
sibilities, for example embodied in the use of other firm’s embodied technologies at time t+ At. The
difference with Aj; measures how far back our innovating firm, situated in a leading or a lagging
country, is from these nascent possibilities. However, the effectiveness of these combined inputs
is inversely proportional to the level of the nascent possibilities, the fishing out effect. The third
component is a material input vAt. Innovation occurs with certainty combining these components

to obtain a technological level A;1 Ay according to:

((1 +op) ALt — ALt) SpiAt " AT
At at (wAt) ’

(2.1) Appar = A+ pp (

where pr,0r > 0,0 <7 < 1.

This means that, as in Howitt and Mayer-Foulkes (2005) the impact of innovator’s skill on the
technological change that a firm can obtain is proportional first, to the skill level, and second
to its distance to the nascent technological frontier. In addition, this skill impact combines with
material inputs according to a Cobb-Douglass function. The parameter 17, represents the innovation
productivity of the combined inputs.

The firm expects its potential industrial competitor to have a productivity ALfcifAt. Therefore if
it innovates to a technological level A;ia¢ (v) resulting from an instantaneous level of innovat(io)n
X Arear(v

Lt+At
Using myopic perfect foresight, so that a given firm correctly expects the new technological levels

Ajiine, § € {S, L}, her profits level will be:

investment v, the incumbent’s market power, the price mark up it can make, will be

-8
A L
(2.2) mear = (1 — (7%14;35”)) )2t At
where according to (1.37)
_ arArrac(v)]"
(23) = | ]

Hence the profit maximizing rate of innovation investment is obtained by maximizing:

1+k

(24) max €—5At (1 _ ¢7£) (1 _ < M

-8
L
X0~ GEAT, ) J2erar — (1 — ¢p) vAt,



14

where e 98¢ is the discount factor, and o7, 0% € (0,1) represents a profit tax and an innovation sub-
sidy, positive or negative proxies for all distortions and policies affecting profits and the incentives
to innovate.

The first order condition can be written as follows, where after differentiating we substitute

Ayrar = Ariag since firms in sector L are symmetric ex-post and have perfect myopic foresight:

e P2 (1+ k) B (1— ¢7Lr)1u (1 +or) Ay — Ars) SpeAt T
g ALyt

XfﬁAtALHAt
W (1= 71) WAD ™ 2 At = (1— @) At

Br(1—11)(1-¢7)

Letting i, = =) 11, material inputs v are given by:
—YL
a1 _
(2.5) VAt = ey (14 k) zpar |70 ((L+00) Ap — Ap) SiAt
' XL, ALt at Ariya '
Substituting this result in (2.1), and writing ¢; = I;J_Tj, je{S,T},
_ SL
(1+O’L) ALt_ALt SLtAt e_éAtA 1+k) 2 A
(2.6) Apyar = A + ML( 1 ) M/@Lf ) At+ - :
Lt+At Xot A Lt+At

Note that since z;1a¢ depends on both Ar; and Ag; a relative scale effects is introduced 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 x,, because, as can be seen by following the derivative above, the higher the market power,
the relatively lower the input costs compared to profits and therefore the lower the impact of

technological improvement on profit. Now set:

- 5 B, (1—7p)(1-¢7) \ °*
(27) = :LLL/‘LLL = <L(1:¢gLL)) MiJF?L,
Taking the limit as At — 0, and writing A;yar = Arnsrae,
(2.8) iAL _ [y ((1 +or) A{Jt - ALt) At (14 k) 2 \°F
. dt t Xf}LgL ALt ALt .

2.2. Innovation in the small scale sector. Competitive producers in small scale sectors can

innovate to reap the productive benefits of new technologies. I assume that a single worker running

a firm can invest vAt units of material input to obtain a technological level A;ya; given by an

innovation function analogous to (2.1),

(14+05) At — Ast
ALt+at

TS
(2_9) AtJrAt = Ag; + g < SStAt> (UAt)lfTs )

Here pg, og, Tg are parameters analogous to those in (2.1), and Sg; is the skill level of the
worker, which I consider equal to Ag;. Here, however, the nascent technological edge for the small
scale sector is the country’s large scale technology Ars. The innovating worker/firm expects her

competitors in the same sector to sell at an accurately expected price psi+a¢, which satisfies (1.8),
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and therefore chooses x4+ A¢, v to maximize

—0AL
€ PSt+At _ag

max . TP A [qSAH_At]BS — Tipar — (1 — @) vAL.

Here again ¢y is an innovation subsidy, positive or negative proxies for all distortions and policies
affecting profits and the incentives to innovate. I do not include wage taxes for now, which would

affect factor assignment in the small scale sector. Note

OArrar _ (1—7s) (14 0s) ALt — Ast
ov SI s ALt+At

so the first order conditions are:

(2.10)

TS
SStAt> (vAL)™TS At,

1
—0At -1
age PSt+At£$?fAt [QSAHAt]'B o= 1,

1
- —5At ~1
flsBse pSt+At£$§fAt [QSAtJrAt]ﬁS

((1 + O'S) ALt — ASt
ALt+at

qsx

TS
SStAt) (WAt) TS At = At

where fig = t—;gus. Dividing the second condition by the first, noting that by (1.8) xgi4ar =

ASWe+ At

, and simplifying for vAt,

1

At+At ALtJrAt

Substituting in (2.9), taking Ag; to the left hand side, dividing by At, taking the limit as At — 0,
noting the skill level in the small scale sector is Sg; = Agt, using (1.22) and writing ex-post

Airar = Asirat,

Ss
d - (I4o0s) AL — Agt o [arxi ' AL ]""
2.12 —Ag; = A N’ | —/———
(2.12) 5 st = s A, st | as P~ :
where
~ 1 _ TS Ss
2.13 =g s <> :

It is also possible to take into account a credit restriction for innovators in the small scale sector,
who need to borrow if they desire to invest more than their wage in innovation. Following Aghion
et al (2005), consider v = w; + d; where d; is debt that costs R;d;. Here R, includes the costs of
offering credit and the market power of the creditor. Financial development can be modelled with
a parameter ¢ € (0,1) that measures how expensive it is to defraud the creditor as a proportion of
the credit. When the innovator is restricted,

1+ R;
= dy < ———wy.
V= w + t_1‘|’Rt—th
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After a similar derivation to the one above,

dln A, <(1+US)ALt_ASt>TS
2.14 — =
(2.14) dt Hs Artiat
1+Rt l1-7g
2.15
@19 (et g @)
d. - 1+R, \''"s 04198 oTs
(216) % lnASt = HSt at, Rt (1 T Rt _ C> N H’YL
(2.17) x (1+0g —ay)7s a, oel=Ts),

so the effect is essentially equivalent to lowering pg.

2.3. Steady state in the leading country. For the leading country I write all variables with a
bar on top, for example A, j € {S, L}. Variables N, «a;, Bj, j € {S, L}, Xo, K, and § are common

to both countries.

Definition 3. Define the relative state variables

_ Ast _ Qs
2.18 a=—-—, q¢=—1N1
(2.18) Art qL

In terms of these variables (1.37) can be written

(2.19) Xt = xolqa]" =Za,; ", with == 07 "
Define also

_ =-8, k(v +BL)+7s
(2.20) Q=NgiFqP =, U(a)=——

I7 = F == ,_ SL _ % s
(2.21) Ay (@) = i, [(1+ %) £00 ()], Hs(a ) fis [ 0]
Income (1.30) can be written in the form
5 Q—"VYLJF’YS FIN
(2.22) “t ay L/

A g = + (1-¢) fs.
Substituting in (2.8), (2.12),

d d . - _
hlALt—O'LHL(CLt) @IHASt:(1+O'S—ELt)HS((7Zt),

dt
Note that the case x = 0 Hy, (a;) and Hg (a;) are simpler functions of a;,
~ X_BL SL
(2.23) Hyp (@) = jp |50 —=0 as|
§B1x0"" + (1-6) B
(2.24) Hg(a;) = agQsa, "°5.

Hence the dynamics of the relative technological level between small and large scale production in

the leading country are the following:

(2.25) %m Gy = H (@) = (1 + og — a;) Hs (@) — oy, (@)
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Proposition 2. Suppose H (1) < 0, so the small scale sector of the leading country cannot overtake
the large scale sector in technological level. Then the relative technological level a; of the small to
the large scale sector has a unique positive steady state, at which the growth rate of the leading

sector’s technological level is -y = o, H, (a*), which is increasing in a*.

Proof. Note the first term in H (a;) is a product of two decreasing positive terms, so is decreasing,
% with b > d. Since

(bf +ac(b—d)) > 0, Hp (a;) is increasing. Hence the difference H (a;) is

while Hy, (@) is a monotonic function of a term of the form T (a) =
T'(a) = -2

(#+ate)’ A _ _ ]
decreasing. Since limg, o Hg (a:) = oo and Hp, (0) = 0, limg, .o H (a) = co. Hence since H (1) < 0

there is a unique steady state a* € (0,1) given by H (a*) = 0, or equivalently Hg (a*) = Hy (a*).
The statements on % In Az, follow by definition and since Hr, (at) is increasing.l

2.4. Steady state in the lagging country. The lagging country’s state is defined in relative
terms with reference to the leading country as follows.

Definition 4. Define the relative state variables

 Agy b At

= ==
ALt

Then (2.19) holds as before in terms of the lagging country variables. Substituting as before and

q:q—s.l

2.26 a _ ALt
(2.26) ! Art qr

letting H; be the same functions as H;, but with the bars removed from the parameters, j € {L, S},
d d

alnALt =1+4o0p—b)Hp (ar), glnASt =(1+4+o0s—ay) Hs(at) .

It now follows

%lnbt:Hb(at,bt,dt) = (l—i-O'L—bt)HL (at)—O'LI_{L(ELt),

(2.27) . ¢
Glnay = H (ay,b,0) = (1 4+ 05 —ay) Hs (ag) — (1 4+ o — b)) Hr, (ay) .

Proposition 3. Suppose the leading country is at a steady state a* € (0,1), that the lagging
country’s large scale sector cannot catch up with the leading country’s, so H (as,1,a*) < 0, and that
the lagging country’s small scale sector cannot catch up with its large scale sector, so H (1,b;,a*) < 0
(where 0 < az,by,a* < 1). Then 1) the relative technological level of the small to the large scale
sector has a unique steady state a* € (0,1), and 2) the relative technological level of the lagging
country’s large scale sector to the leading country’s large scale sector has a unique steady state
b* € [0,1). There is divergence in levels between the lagging and leading large scale sectors if
b* > 0, and in growth rates if b* =0 and (1+ o) Hy (a*) < o Hy, (@*).

Proof. Let us examine the phase diagram of dynamical system (2.27). As before, Hp, (a;) is
positive and increasing, while Hg (a;) is positive and decreasing. Hence the locus b; = f° (a;) on
which 0 = % Inb, = H® (at, 12 (ar) ,Ezt) = 0 on the (at, by) plane satisfies

(1+ 0L —be) Hy (ar)

br _
(228) f (at) - HL (at>

>0,
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and in addition (%tdldrébt = —Hp (at) < 0. The locus of by = f*(a;) of %lnat — H(ay.br.a1) = 0
satisfies
(2.29) o (ar) = (1+o0r—b) H/L (ar) + Hg (at) — (1 + 05 — az) Hfs‘ (ar)

> 0.
Hy (at)

In addition (% dlcrl‘t“t = Hy (a;) > 0. Moreover whenever two curves H? (at, 1 (az) ,c_Lt) = const and

H (a¢, by, at) = const intersect, their slopes satisfy

_ Hs(ar) — (1+ 05 —a;) Hg (a;)

2.30 “(ag) — f” (a > 0.
(2:30) £ ) = £ (e) e
If there is an instersection of the two loci at which dl(‘;tbt = dlgt“t, representing a steady state

(a*,b*), it is unique. The combination of signs and slopes implies such a steady state is stable. In
what cases might there not be an intersection? Since % Inb; is negative on b, = 1, and % Ina; is
negative on a; = 1, it is only possible for an interior steady state not to exist if the boundary of
the region {(at, by) : % Ina; <0, % Inb; < 0} intersects either of the axis. Note that for any given
by, H (ay, by, a*) = 0 has a unique solution as in the proof of Proposition 1, since this is a decreasing
function of a; with limg, o H (at,bt,a*) = co and H (1,b;,a*) < 0. Hence this boundary cannot
intersect the b; axis, so there is some a* for which H (a*,0,a*) = 0 and also % Inb; < 0, that is
(1+o0p) Hy (a*) < o Hy, (a*). This is now a condition on the parameters and steady state values
a*, a* that implies divergence in growth rates between the leading and lagging countries:

(2.31) 0> %hl by = (1+o0r) Hy (a*) — opHy (@*) implies %lnALt <~v.1

2.5. Government incentives for innovation. Is the private assignment of innovation resources
optimal or can the government improve income growth by subsidizing innovation? Under what
conditions can it pay for this by taxing profits?

In concordance with perfect myopic foresight, let the government maximize Y;ya¢, deducting
expenses in innovation incurred for increasing Y;. Note that this optimization assumes exchange
takes place in the presence of market power, so the question posed is only seeking a second best.
Note also that in a steady state when growth is constant this is equivalent to maximizing the
present value of income, Y;/ (6 — g;"), where g} is the growth rate of Y;.

The government maximizes
(2.32) max Yiiar — [vp + (1 — &) lgrvg] NAt,
where vy, is innovation investment in each large scale sector, vg is innovation investment by each
of the lg; workers in each small scale sector, subject to

. 1 TL 1-711
Artyar — Ar ML<(1+UL_)ALt ALtAt> <ULAt) 7

2.33 —_— =
(2:33) Ary ArLt+at Art

- - TS l-71g
(2.30) Astrar — Ase i ((1 +o0s)Aw AStAt> (USAt) '
Agy Artrat
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These are the physical equations for technological change (2.1) and (2.9). In fact, taking the limit
as At — 0, the myopic optimization problem is equivalent to

dY;

(2.35) max ditt — N [vp + (1 = &) lspvg]
subject to

d (1+or) A — A \™ (vp N7 7*
2. —InA = _ &
( 36) dt nArg K, ( AL, > AL, )

d _ (1+05) A — Asi\™ ((vs \'77*
(237) % In ASt = MUg ( ALt TSt .

Note that workers repeat innovation, or learning, so there is additional savings to be achieved by
reducing such innovation repetition in the small scale sector.®

Now, using expression (1.35),

dYy T (xy) d Art d
2.38 — =Y, —In(==")+—In(AJLAY)|.
(2.38) dt t[HT(Xt) i\ A )+ (A As)
The first order conditions for (2.35) are:
%
2. = LN
(2.39) 0 oy e
1—7.)kY; T’ 1—7,)Y; 1+o )AL —Ar \TF 1=rr
@d0) - Ne = (WS ity (et ()
e
(2.41) 0 = ai—zvu—g)l&@
Vs
1-75)xY: Y/ 1-75)Y; 1+0g5)ALi—A TS [y 1=7s
(a2) N(1- Qs = [~ o] (Ueslanetn (30)
Hence the government would assign innovation expenditures as follows:
1

v _ A=7)Y: [ & YY) | 7 7L (140p)ALi—A

(2.43) o= (S ey + ) e
1

v o (1-75)Y k YT'(xp) 0% 75 (14+0g)Api—A

(244 As = ( S ok [‘(H)N T T N(fié)D i e

When these are compared to (2.5) and (2.11), once At — 0, the condition for obtaining the same

resource assignment for innovation is:

Br(1-¢7)+r) o v [ & Y04 4 7
(2.45) Wﬁt = AL [NT Tho) T N*Lf} :
w _ ) k. Y(xy) ol
(2.46) (os)As — Isids: [ TON Th) T N(ls—@]‘

8The equivakence in perfect myopic foresight of maximizing profits at ¢ + At and taking the limit as At — 0, or
maximizing the rate of change of profits is proved by Mayer-Foulkes (2014).
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These equalities are possible if:

’r/
(2.47) T A M aia i
' 1—¢L x; PPENz Br (14 k)
(1-¢)Bs+¢ (1 - aLxZBL) vy + )
(248) = T (xe)
e 5 ()
(249) = YL
where (1.34) was used. ¢y, is value ti% must take.
Using (1.34) again, as well as wilg; = Bgzt,
L Y [ _ T’(xt)}
1 —¢g N (1—§&)lgiw, L'® T0ce)
_ L—apy, "t —(1-§as [,Y _HT'(xt)]
(1-8)bs 5T
(1-6)8s+¢(1-a ™) :
(2.50) - [7 _ ,{m}
(1-¢)Bs § T
= ¥s;

where now g is the value ﬁ must take.
The following efficiency results for appropriate government incentives for innovation can now be

stated, partly restricted to x = 0 for simplicity.

Theorem 4. Government taxes and subsidies can improve innovation incentives as follows.

1) As market power tends to zero, when xo — 1 and k — 0, privately assigned innovation tends
to efficiency.

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

3) If x; > 1 is constant, and k = 0, both values ¢, and pg are greater than 1. Thus innovation
subsidies ¢} and ¢g both have positive optimal values. Also, in this case optimal innovation
subsidy rates are higher than optimal taxes in the large scale sector, ¢t > @7, and higher than
optimal innovation subsidy rates in the small scale sector, ¢} > ¢%.

4) When k > 0, higher incentives to increase market power through innovation reduce the subsi-
dies needed for innovation in the large scale sector and increase them in the small scale sector.

5) Suppose that large scale sector profits are quantitatively higher that optimal innovation costs
for both sectors. Then tazes and subsidies ¢7, ¢7, ¢ € (0,1) exist for which the government’s
budget is balanced and innovation is optimal. If profits are not that high, a lump sum tax on wages

18 needed to obtain optimal innovation with a balanced budget.

Proof. 1) When y, — 1, k — 0, assignments approach the case given by x;, = 1, kK = 0,

1-9¢f _ 1-far—(1-8asy, 1-Car—(1-8§as
(2:51) =g ¢ B, Ble+Bs(l-6
1
(2.52) = b

so innovation is efficient.
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2) When the incentives of a market power tax hold, Xf L is replaced by s, and thus in effect k is
replaced by zero. Thus in the limit the previous case applies.
3) In the case k =0, x¢ > 1,

1_¢E_5L§+/35(1—§)+50‘L<1_Xt_ﬁL> faL<XtL_1) B

2.53 = = 1,
(259 1= ¢ (BL&+Bs (1- ) x; ™ BE+Bs -9 M7
1 Bs(l—£)+€(1—ath_BL> €aL(1—xZBL)
(2.54) = =1+ > 1.
1— g5 Bré+Bs (1 =) Bré+Bs (1)
Also, in this case f‘_:% = % Hence
1-¢7 X" I

> 197 > 47, > 1 ¢ > ¢

-y 1-¢f l-¢p 1-4¢f
4) Tt is easy to verify, based on Y’ (x,) < 0 (Proposition 1), that % < 0 and d;% > 0.
5) Observe that for any given value ¢; > 1, the function ¢7 = f(¢%) = 1 — ¢, + ¢¢} (for
which % = ;) satisfies f(goé—;l) =0, f(1)=1and f'(¢%) = ¢ > 1. Setting also ﬁ = pg,
the government surplus or deficit in establishing taxes and subsidies ¢7, ¢7, ¢ is given by

(2.55) G (91) = NEF(91) (1= x; ")z = N (66 + (1 — &) Lsudlyus]
Let us evaluate this government surplus or deficit at ¢} = ‘%;1 and ¢7 = 1. In the first case

7 =0, while ¢}, ¢ > 0, so G(%;l) < 0. In the second case

(2.56) G(1) = N¢(1- Xt_ﬁL)Zt — N&vr, — N (1 — &) lsipus

(2.57) > NE(1—x; P9z — Névp — N (1—€) Ispvs.

Since this quantity, aggregate profits minus innovation costs, is positive by assumption,
(2.58) G (9) = Nepy(1-x; ")z — Névg

(2.59) > NE(1—x; 8)z — Névp — N (1 =€) lgpwg > 0

by the same assumption. Hence by the intermediate value theorem there exists ¢, € (“"égl, 1) for
which the government budget is balanced. At this value ¢7, ¢%, ¢ € (0,1). If instead G (1) <0 a
lump sum tax on wages is needed to obtain optimal innovation with a balanced budget.ll

2.6. Some comparisons between leading and lagging countries. In the present model, dif-
ferences between leading and lagging countries can derive from differences in the parameters, mainly
qr, 4s, Xo, ks & N, pg, pg. For the purpose of the following examples, I concentrate only in dif-
ferences in fixed productivity effect qr,, qg, including institutional effects, expressed through 2, see
(2.20). Q itself, considered from the static point of view, is an institutional measure that is higher
the higher the fixed productivity effects qr, gg, and the lower the market power x, of the large

scale sector.
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Proposition 4. Suppose the only parameter difference between the leading and lagging countries

18 % The steady states a*, b* of the lagging country can be considered as functions a* = a*(a*, %)

and b* = b*(a*, %) of the steady state a* of the leading country as well of the relative institu-
tional development % of the lagging country. Then steady states a* and b* are increasing in both
parameters,

da* oa* ob* ob*

— >0 0 0
a%>, > >’8EL*

— 0.
oa* ’ a% -

(2.60)

Proof. 1) At the steady state,

(1+0L—b*)HL(a*) :O'LI;[L(EL*),
(2.61) (1+0s—a*)Hg(a*) = orHp, (a*),

(14 o0g —a*) Hs (a*) = o Hy, (a*) .
Since g = Jig, the second two equations imply

(2.62) (1405 —a*) Qssg*—(=R)vess  — (1+0g—a*) Qgsc—b*—(l—m)’yms7
Q SS
(2.63) or h(a*) (Q> — h(a),

where h (a) = (1 + o5 — a) a~ (1757255 is a decreasing function. Let a* = a*(a*, %) be the implicit

function for a¢* in terms of a* and % Then the steady state a* is increasing in both a* and %,

* * * ! (=
8% _ _7§/Sh(a$ > 0, a‘f* L . W (a = >0,
02 = (a2 oa*  w (a*) (2)

*

(2.64)

o] o] N2

Now from the first equation in (2.61) we can write
O'LHL (d*)

Hy, (a*(&*, %))

(2.65) b*=14+0p —

ob*
Q
95

Since Hy, is increasing it follows that > 0, ggi > 0.1

The result % > 0 implies that in a lagging country the small scale sector is relatively more
backward than in leading countries. This can be understood as an explanation of the backwardness
of the informal sector, as part of the small scale sector, in this case for fixed productivity effects
independent of any argument related to tax evasion.

For an example of a comparison between innovation assignment in leading and lagging countries,
with k = 0, let us investigate the impact of an institutional difference qgs qF < (jgs g, on the
optimal allocation of innovation investment in the large and small scale sectors, with all other
parameters the same.

Proposition 5. Suppose that qgsqu < (jgscsz, and kK = 0. The lagging to leading country ratios

of the optimal innovation investment allocations in the large and small scale sectors, compared each

to their own technological levels, are the following:

(2:66) T _ Qe A0 (a)T
' v Q\a* oy O \ar ’

A * *
ALt ASt
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This holds for both the private and public allocations. Hence

vE v

Tk a*\ YsTL
Vst ' VLt a*

A% A%

St Lt

Proof. 1) In the case x, = 1, k =0,

Y;
(2.68) = (Xo) Xo¥QLa™s, W Qar e,
Art Ast
Hence, writing stars on government optimal trajectories at steady state,
1
v} (1—7L)Yi Y'x) | o L
e (U e T M) Qo)
(269 W (1=r)% [ & T'(R) 2z
At (U ey + %)) o
1 _
Na*'s\ 7 Hr (a* Oa*'s
(2.70) _(Qee e Hu(@) Qame
Qa*7s Hp (a*)  Qa*vs

where the o ’s are eliminated using the first equation in (2.61), and since

-B
Xo L

. [:_ SI SL
_ i ((1+k)£0Q GrIssL

Hp (a*) . £o)oE xg F e, rarvss’
Br ((1 ) WQ) £6LX0_B£+(1*£)55 aris

)

and also % — ¢z, = 1. The private optimal trajectories are the same because other than constants
involved in the comparison of (2.5) and (2.43) sales z; equal aggregate income Y;.

On the other hand, since in this case Hg (a;) = igQ°5a, '**9, it follows from (2.61) that
l4+o0s—a* Hg(a*) Qs (a*)wcs

2.72 = =
(2.72) 1+o0g—a* Hg (a*) Qss

a*
Applying this to (2.11), since from (1.22) and (2.20) 4= = Qa"" 7 and similarly for the leading

country, in the case of private optimal trajectories

1

v fgwi \ Ts * 1 L -
(2.73) A%i _ (Ag&s ) (1+os—a") _ (Q) 75 °S <a*> TLrgtiLss Q) <a*) T

a* a*

oy (W)Tls(ua — &)
St Agy S

The corresponding ratio of the government innovation assignments is the same because given the

parameters held constant w% = %, which makes the relevant ratios of conditions (2.11) and (2.44)

equal. Finally, (2.67) follows by division from (2.66).H

Q

Q

If there are many large scale sectors, so 5. > B¢ (1 — &) and therefore v;, > 74, and taking into
account % > 0, see (2.60), (2.67) implies that relative to their own technological level, there is
relatively less investment in small scale sectors in lagging countries than in leading countries. This
can be understood to go together with the backwardness of the informal sector, as part of the small
scale sector, independently of any argument related to tax evasion.

If instead the large scale sector is small, as in initial stages of industrialization, it would be the

large scale sector which would lag further behind.
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The following proposition shows how deeply innovation forces determine the steady state. Given
the available innovation functions, relative technological levels and labor assignment between sectors
will conform to parallel growth between them.

Proposition 6. Suppose that ngqZL < ngqZL, and k = 0. . The lagging to leading country ratios

of aggregate output to the optimal private and public innovation investment allocations in the large

and small scale sectors, are equal:

Y Yy

V¥ vE
2‘ 4 7£‘t = _St = 1
(2.74) v =,

Ui U5

Hence the ratio of the optimal private and public innovation investment allocation between the
small scale and large scale sectors is equal in leading and lagging countries, and between leading
and lagging countries the ratio of income is the same as the ratio of optimal sectoral innovation

tnvestments in each country:

* %k * *
v v Y, v v
St St t Lt St
(2.75) = = and S ==
Ve ULt t Y Ust
Proof. Using (1.35), since ALLt,t =T (xo) Lxo '*Qa}®,
Azt ) — % A?‘}t N =x—~L
(2.76) v, _$as o 5 Qe
A Qa7 An Qo E
Y: Yy

Multiplying each of these by each equation in (2.66) we get the reciprocal of (2.74).H

Factual deviations from equalities (2.74), (2.75) point to additional differences between countries
and sectors, depending on other variables, opening possibilities for empirical evaluation.

2.7. Expansion of mass production. In what follows I investigate the dependence of the steady
states on the size £ of the large scale sector. I consider now that this size may be different in the
leading and lagging countries, so there are two variables, £ and &. These effects all work through
the impact of £ on Az—zt and therefore on innovation, and not through technological externalities.

Proposition 7. Suppose that the number & of mass production sectors in the leading country

increases. Then the growth rate ~ of the mass production technological level rises while the relative

*

technological levels a*, b*, a* in all other production sectors fall behind,

Oy 9a* ab* da*
Do, oo <o <o
B f > 0, 9 f < 0, 9 f < 0, B f <

Suppose that the number & of mass production sectors in the lagging country increases. Then the

(2.77)

relative technological levels b* of the mass production sector increases and the relative level a* of

small scale sector remains constant

ob* oa*
a¢ > 0, 875—0.

Proof. 1) In both the leading and lagging countries the parameters and functions x;, Z, 2, Qy,

(2.78)

Qg, T, are independent of &, see (2.21). Hence the only dependence on £ of the functions Hy, Hg
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for the leading and lagging countries is through the function ¥. Observe

ov —BL _
(2.79) ) ey e Py
¢ E8Lx; "+ (1= 6) Bs
because @L ﬁLa —Bs = IBLXt — Bs < 0, since ﬁ} < Bg «‘:}Hd X; > 1. Hence LL%&(‘“) > 0.
Suppose ¢ increases in the leading country. Then, since Hg < 0, H} > 0,
da* or aHgéa*)

< 0.

(2.80) 875 = —Hg (a*) + (14 og — a*) Hy (a*) — o HY, (a*)

This also has an impact on the lagging country. Differentiating the first two equations in (2.61),

(281) — 9 Hy (a*) + (1+ 01, = b*) Hy (a >*g—o LH (a%) e+ oL 2,
% Hy (a7) = o Hj (a7) % + o 20
Note the RHS of the both lines, which is also 87 = % LH L ( ] equals
H/ — % E[ — %

(2.82) - [ __ oL E(a_), _ I 1] o, 2L (@)

—Hs(a*)+ (1+ 05 —a*) Hg (a*) — o H} (a¥) 3

—Hg (@) + (1 —a*) #, (a* OH; (a*

(2.83) - [ _ Hs(@)+(Utos—a)Hg(@) } t(@) .,

—Hg (a*)—i—(l—i—ag—a*)H (a*)—aLH (a*) o0&
a positive term I call P. Hence from the second line in (2.81), 2 8§ = —% < 0,and from the
ﬁrst,%bg = —[% + 1]P/Hp, (a*) < 0. Now suppose ¢ increases in the lagging country
only. Then

_ob” da*  OHp (a*)
2.84 H 1 - b Hj (a* —F—— =0
(2.84) ~ o (a®) + (1 4oL —b%) x L(@) 56 ¥ o ;
a *

(2.85) [—Hs (a*) + (1 + 05 — a*) Hs (a*)] a% - 0.

Since Hg (a*) < 0, it follows from the second equation that %“5 = 0, and therefore from the first

equation, %—lg = (1;‘2@;?*) 6H§§a*) > 0.1
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Conclusions

The model constructed here allows evaluating the optimality properties of a market economy con-
sisting of a mass production sector with market power and a competitive sector with small scale
production. Aggregate net income is decreasing in the large scale sector market power, because
higher prices for mass produced goods deviate resources from inputs to profits (Proposition 1).
In addition (Theorem 1) aggregate profits and profits per sector are increasing 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. Next (Theorem 2), 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. An important result is that
a government can reduce the inefficiencies due to market power by introducing a market power tax
that encourages production rather than profit rates, thus reducing the diversion of resources to
profits. Market power tax schedules exist that approximate the first best solution by establishing
a maximum socially sanctioned profit rate. Moreover, in equilibrium the amount of tax levied is
zero (Theorem 3).

Because market power is important as an innovation incentive, technological change is intro-
duced in the model, including the analysis of both developed and underdeveloped countries. To
this purpose I introduce, for simplicity, the concept of perfect myopic foresight into the infinitesimal
future. The innovation inputs are the current state of knowledge, including installed technology;
material inputs; and externalities from more advanced technologies. I assume the incumbent has
a small innovation advantage. In each country the small scale sector is modeled as a recipient of
innovation externalities from the large scale sector, and innovation externalities between countries
occur between large scale sectors. First I establish the existence of technological steady states for
both leading and lagging countries (Propositions 2 and 3). Leading countries determine the overall
growth rate. Lagging countries may diverge in levels or in growth rates from leading countries.
Next the efficiency properties of the two sector economy are analyzed for innovation (Theorem 4).
The presence of market power makes innovation inefficient, and as market power decreases inno-
vation tends to efficiency. Moreover, a market power tax, which can be defined about a socially
sanctioned profit rate, makes the economy approach efficiency for small profit rates. As compared
to a government innovation assignment maximizing the growth of income, the private assignment
of innovation investment (also consistent with myopic perfect foresight) is deficient in both sectors,
again because of the deviation of resources from mass produced innovation inputs to profits. Given
fixed or endogenous levels of market power, the government can reach an optimum level of innova-
tion 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 if the profit level is not high enough.
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This will not, however optimize production. This policy for optimizing innovation can complement
a market power tax, that can only approximate efficiency.

In addition to proving these results on the efficiency for a market economy with mass production
for both developed and underdeveloped countries, the model gives some comparative results between
developed and underdeveloped countries. For simplicity I keep to the case when a combination of
productivity fixed effects pertaining to both sectors, including institutional effects, are the reason
for underdevelopment (Proposition 4). In this case a lagging country’s small scale sector is relatively
more backward with respect to its large scale sector than a leading country’s small scale sector.
This gives an explanation for the prevalence in underdeveloped countries of excluded and informal
sectors, which form part of the small scale sector (independently for example of a tax avoidance or
other explanations). Improvements in the overall small sector innovation technology can improve
lagging country’s convergence in both sectors. The even further backwardness of lagging country’s
small scale sector is reflected in a relatively lower innovation investment allocation as compared to
its technological levels (public or private, Proposition 5). Innovation is a strong determinant of the
income steady state. When market power is constant, innovation levels in both sectors hold the
same proportion to income (Proposition 6). Finally, if the number of large scale production sectors
in the leading country increases, the growth rate of its technological level rises, but the relative

* in all other production sectors fall behind. If instead the number of

technological levels a*, b*, a
large scale production sectors in the lagging country increases, then their relative technological level,
as compared to the leading country, rises, while the relative level of the small scale sector remains
constant (Proposition 7). Both of these statements refer to the impact of changes in material input
availability for innovation, not to changes in externalities.

There are specific issues about technological change in the small scale sector that have not
been addressed, such as the repetition of learning across firms in this sector, that can give rise to
serious inefficiencies. These may warrant, for example, the existence of public knowledge systems
supporting small sector innovation. What the model does make clear, though, is that wage levels
and income in an economy with mass production depend on both of its sectors. The dependence
on the small scale sector is stronger the stronger the market power of the large scale sector.

Pro-poor growth must place a special focus on promoting technologies in the small scale sector, as
well on reducing market power in the large scale sector, so as to diminish the deviation of resources
from mass produced inputs to profits.

Mass production appeared more than a Century after Adam Smith. Because mass production
wields market power, its operation in a market economy leads to inefficiencies in production and
innovation, and to lower wages. The model shows that efficiency and equity, in production and
innovation, are promoted together by reducing market power. This is the essence of Adam Smith’s
insights on competition. However, when competition becomes a tool for market power, it is neces-
sary for government to correct the distortions. Perhaps a market power tax, encouraging production
rather than profit rates, can be useful. The challenge is to make mass production, the workhorse

of modern wealth, equitable and truly responsive to pressing economic needs.
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