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Abstract

The paper is a successor of original papers presented previously by Bliimle
(1989) and Sell (2020). Drawing on insights provided already by Enrico Ba-
rone in the 1930’s, we establish a relationship between the distribution of
personal incomes and the activities of innovation and imitation. The model
we set up may be taken both as a microeconomic and/or a macroeconomic
contribution. On the micro level, champion firms like Google, Amazon, Mi-
crosoft or Facebook generate fabulous innovations which are accompanied by
large profits and, at the same time, an intra-firm concentration of wages and
salaries (including bonuses). On the macro level, the upper (lower) swing of
the business cycle goes hand in hand with a rising (falling) profit quota/a
higher (lower) inter-firm slope of earnings, created to a large extent by inno-
vative Schumpeterian monopolists (imitative entrepreneurs). Finally, we want
to find some empirical evidence for our theoretical results. The work con-
cludes with a summary of our exposition along with some thoughts about
policy implications.

Keywords
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1. Introduction

The structure/dynamics of (absolutely and relatively rising) profits vis-vis to (at
least relatively falling) wages and salaries we can observe inside Aighly innova-
tive champion firms like Amazon, Facebook, Microsoft, Apple, etc. provides us
with a twofold cognitive effect: it is able not only to explain the deterioration of
the wage quota in the recent past (Autor, Dorn, Katz, Patterson, & Van Reenen,
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2020) but also to shed light on the increasing concentration in personal income
distribution. The deterioration of the wage quota, as well as the increasing con-
centration in personal income distribution, can be registered both on the firm as
well as on the macroeconomic level. One simple explanation for this duplicity
refers one to a simple structure effect: if the alleged processes take place on the
firm level, these will be translated more so into the macroeconomy, the higher
the contribution of these firms to total production is, measured for example as a
share of GDP. It is a matter of fact that this share has been rising over (at least)
the last ten to fifteen years. So far, so good.

If the above-mentioned firms can consolidate a permanent monopolistic posi-
tion on their relevant market, one cannot expect the profit quota to come down
again and the concentration of personal incomes to relent. This may happen.
According to Schumpeterian economics, one may as well expect something dif-
ferent. The erosion of extraordinary monopolistic profits is due to the activities
of imitating companies. These firms are primarily successful during the eco-
nomic downswing of the cycle, a phase during which the profit quota tends to
decline. Notice that the mapping between innovation/imitation and specific
firms is not forever: Remember the case of the earlier Finnish champion “Nokia™:
being successfully innovative for a long time, it went almost bankrupt when it
was unable to listen to the winds of change on the market for smartphones. And
it became a tolerable imitator .... Notice also that, according to new insights, it
appears doubtful whether the usage of the internet does contribute too much to
creativity and hence to innovations: the so-called Matthew-effect explains that a
research conducted by Google, for example, will tend to replicate already
well-known results (Karabasz, 2020).

The paper is organized as follows: in the next (second) section, the basic con-
tent of the Schumpeterian competition theory is presented, which can be best
explained using the example of the Barone curve. Thereafter, in the third section,
we put forward key aspects of income distribution related to the cycle of innova-
tions and imitations. The latter is modeled in the fourth section. Macroeconomic
extensions to the business cycle will be presented in the fifth section. The sixth

section looks for some empirical evidence. We conclude in the seventh section.

2. The Original Barone Curve

Enrico Barone was an economist stemming from Italy, born in 1851 and died in
1924. Professionally, he started as an officer in the army and later became a pro-
fessor of economics. He is known for several achievements (Bradley & Mosca,
2012). One of them is his monography on “economic accounting in a centrally
directed economy without private ownership”, another is the development of a
curve named after him the Barone curve (Barone, 1935). In the Barone curve
(Figure 1), all firms are ranked from left to right according to the minimum of
their unit costs of production and an upward stepping curve is achieved when all

capacities of production are ordered in a line with their respective unit costs.
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Costs per unit of production Costs per unit of production
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A

Unit costs of the marginal supplier

Output

Figure 1. The original Barone-Curve. Sources: Bliimle (1989) and
Kiilp (2017).

It holds for each firm that its marginal costs curve intersects the respective
unit cost curve at its respective minimum. The individual supply is then ex-
plained by the intersection between one’s marginal costs with the horizontal
price line. Aggregating all individual marginal cost curves yields the total supply
curve. Then, it is the intersection of this supply curve with the price line that ex-
plains the amount of market production (Helmstédter, 1986).

Suppose initially, for a given price of height P, the intersection of the Barone
curve with this price level determines the actual size of the output. The intersec-
tion point on the Barone curve is necessarily associated with a point on the ag-
gregate marginal cost curve. Thus, exactly, it is the point where a “marginal sup-
plier” may cover his unit costs by his revenue per unit of production, given by
the price. His net earnings per unit of production are hence zero. This also im-
plies that all former (i.e., more efficient) suppliers on the market can earn posi-
tive profits per unit of production. In Figure 1, this fact is illustrated by the (ver-
tical hatched) area below the price line, to the right of the ordinate and above the
Barone curve (the aggregate unit costs of production curve). This area is called
the “total economy difference profit”.

The area below the Barone curve can be interpreted as the sum of all factor
costs. What might be the possible reasons for the existence of different unit costs
of production? Barone himself pointed out the different capacities for innova-
tion distributed among the firms. The entrepreneurs, who are capable to intro-
duce innovations into their technology of production, will reap benefits and
hence be able to produce at lower costs than their competitors. Consequently,
there will appear a slope among the profits of the suppliers. An innovation,
hence, will always tend to lower the unit cost of production and increase accor-
dingly the level of profit per unit of production. The suppliers, who reveal cost
advantages due to the effects of innovation, will, therefore, achieve different
profits. A special case can be given as when all firms exhibit identical cost struc-
tures or employ identical technologies of production. In this and only in this
case, the unit costs of the product will be identical for all firms and the Barone

curve will appear a horizontal line, perfectly parallel to the abscissa. In extremis,
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all firms exhibit cost coverage so that the Barone curve will appear geometrically
identical with the horizontal price line in Figure 1.

Helmstadter (1986) interpreted this diagram concerning circular, total eco-
nomic effects. In a closed economy without government, the total unit costs of
production may as well be taken as labor unit costs. The area below the Barone
curve then equals the total wage sum (which also stands for the total private
consumption when workers do not save) and the area of difference profits
represents total investment and savings in the economy under the supposition

that profit earners do not consume.

3. Distributional Aspects of the Barone-Curve

The slope of profits, as explained earlier, can be described by a left-steep or
skewed section to the right distribution of profits per unit of production (Bliimle,
1989). The same pattern is represented by a lognormal distribution of profits

(see Figure 2).
The underlying log-normal distribution is characterized by the following pa-
rameters: the variance of the log of profits per unit of production (labeled v

v=07) and the arithmetic mean of the log of profits per unit of production
(u :EZIn g ). It should be pointed out that in such a scenario, modus, arith-
n

metic mean, and median share the same position on the x-axis (see Figure 2).

As is well known, the median of a frequency distribution indicates the expres-
sion of a single occurrence with the highest density. The median, in turn, sym-
bolizes an event, which separates the frequency distribution into two halves. The
symmetrical distribution of the log of profits per unit of production matches a
left steep distribution of the original values of the profits per unit of production.
Making such an assumption seems to be more realistic in the case of innovators
because they are capable of achieving higher profits per unit of production than
their (many) imitators.

Let’s do the following experiment (see Figure 3): if we increase the standard
deviation, say by substituting distribution of type I by that of type II, the follow-
ing results will emerge. The modus will shift (from Mod, to Mod,) to the left, the
arithmetic mean will shift (from ga, to ga,) to the right, while the position of the
median (Med, = Med,) will remain unchanged (see Figure 3). These findings
will be explored below in more detail by considering three propositions.

Departing from the assumption of a log-normal distribution of profits per
unit of production (g), the expected or likewise average profit rate (g,) per unit
of production is then given by the following expression (see Beichelt & Mont-
gomery, 2003: pp. 46-48):

E(9)=0. =exp[y+%o~2j
Taking the full differentiation of this expression from the left to right leads to:

dE(g)=dg, Z(d,u+0'd0')exp[ﬂ+%o_zj
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Figure 2. Symmetrical distribution of the log of prof-
its per unit of production. Source: Bliimle (1989).

\

Density 4

I+ 1I: Increase of standard deviation

Mod, Mod, g 8 24

Med, = Med,

Figure 3. Left steep distribution of profits per unit of production.
Source: Bliimle (1989); own compilation.

Proposition 1: An increase in owill shift the arithmetic mean to the right.

Furthermore, we have:
MOD :eXp<,u—02)
Taking the full differential yields:
dMOD = (dy— 20'd0')exp<,u - 0'2)

Proposition 2: An increase in owill shift the modus to the left.
Finally, we have:

MED = exp( )

dMED =exp( )
Proposition 3: An increase in owill not affect the median.
Besides, for any positive variance (o >0), the following order will hold:

MOD <MED < g, .

And yet, the total sum of difference profits (DP) in an economy (given the size
of output X) equals to

DP =g, X
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Therefore, the volume of profits can only become large, ceteris paribus, as
long as there exists a considerable dispersion of profits (i.e., greater differences
in profits among the firms involved), given the size of the output. Hence, for the
size of DP, each element of the product g,X is decisive. The distinct occur-
rence of technological progress is, most likely, responsible for a higher (or lower)
dispersion of profits. The technological progress contributes to making the dis-
tribution of profits per unit of production more unequal. As a consequence, the
arithmetic mean of these profits shifts to the right (see above) and marginal sup-
pliers are crowded out.

In the following, we make use of the Gini coefficient (G) instead of the va-
riance/standard deviation (o), as both are interrelated via a monotone relation-
ship (Guo & Sell, 2019): More precisely, it holds that Gini = 2@(0‘/«/5) -1 with
®(x) being the standard normal distribution.

4. An Intra-Firm Model of Innovation, Imitation and
Personal Income Distribution

4.1. Stylized Facts and Assumptions

We depart from the following stylized facts:

e technical progress (innovations) enhances the dispersion of profits: the dis-
tribution of profits becomes less equal;

¢ a higher variance of profits (see above) makes the arithmetic mean “walk” to
the right.

e During this process, marginal suppliers are pushed out of the relevant mar-
ket.

e The source of difference profits is clear: they stem from patents, a lack of
market transparency and a temporary complicated access to the market.
Profits are, at the same time, precondition and also incentive for risky in-
vestments. These investments, in turn, are necessary for the enforcement of
technical progress.

e Profit differentials tend to increase the willingness to innovate. A high vo-
lume of profits is also important when it comes to finance innovations by

one’s own.

4.2. The Growth Rate of Innovative Activity and the Dispersion of
Personal Incomes

¢ In other words: given a high dispersion of profits, and a variable income, the
propensity to innovate should rise. We define:

e [Np = propensity to innovate. The propensity to innovate (/Np) and the
propensity to imitate (/Mp)—in analogy to the relationship between the
marginal propensity to consume and the marginal propensity to save—must
add to one:

e INp+IMp=1; IMp=1-INp.

e For the growth rate of the propensity to imitate (W,,,, ), we assume the exis-
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tence of a negative, and, for reasons of simplicity, linear function, depending
on the intra-firm Gini coefficient (G):

_ dIMp/dt

Mp = IMp =a,-a,G; a,a,>0; W,

Np :1_WIMp

Wy, =1-W,y, =1-(a,-a,G)=1-a +a,G

There exists a positive autonomous component (&) explaining the growth
rate of IMp if G = 0. Why? Without a spread/slope in the system of remunera-
tion (wages, salaries, and profits), the mind of the employed workforce (includ-
ing the management) pays less and less attention to innovation, as there is a
complete lack of monetary incentives. Once a differentiation of work compensa-
tion starts to be implemented (G > 0), the growth rate in the propensity to im-
itate (innovate) has a worse (better) perspective. However, as in Okun’s law, a
substantial rise in the inequality of income distribution (growth rate) is in need
to overcompensate the lack of inspiration among the workforce. This is, by the
way, the effect of an unconditional basic income.

e Whenever the concentration of personal incomes is zero (G = 0), the growth
rate of the propensity to innovate (imitate) will decline (increase):

G:O:W,Mp:a1

In this scenario, equity of incomes (G = 0) induces a severe decline in the
propensity to innovate. The firm dedicates itself increasingly to imitation. Only a
substantial differentiation/spread of wages, salaries, and management compen-
sation induces a good and rising average productivity level and hence sufficient
within-firm innovations:

Wy, >0 onlyif a -a,6<0;a <a,G

W,, >0 onlyif 1-a +a,G>0;a,G>a -1
o If the growth rate of the propensity to imitate (and hence to innovate) is zero,

we achieve a stationary state of personal income distribution within the firm:

x . -1
W =0=G =2 W, =06 =272 4 g 124,
8 @ &
From which, for consistency reasons, it necessarily follows: @, >1. In the fol-
lowing Figure 4, we visualize the established relationship between the dispersion

of personal incomes and the growth rate of the propensity to innovate.

4.3. The Growth Rate of the Gini Coefficient and Innovative
Activity

e A high level of the propensity to innovate (imitate) will generate higher
(lower) profits and thereby increase (decrease) the degree of within-firm in-
come inequality, as measured by the growth rate of the Gini coefficient.
However, there exits always a positive autonomous component (b, ) respon-
sible for a floor level growth rate in the differentiation of wages and salaries
which unions cannot avoid, facing the forces of globalization and Ila-

bor-saving technical progress:
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(-a) @

Figure 4. Growth rate of the propensity to innovate and
dispersion of personal incomes. Source: own compilation.

Wg =

dG/dt
T/zbl—blep; W, =B, ~b, (1= INp) = +(b, ~b, ) + b, INp .

We assume b —b, <0;hence: b, >b. We define: b, —b, =b,
which yields:
Wy =dG—/dt=—b3 +b,INp.
G
e Whenever the propensity to imitate (innovate) turns zero, the growth rate of
the Gini coefficient will become:
IMp=0=w; =b; INp=0=w, =-b,;

e A stationary state is achieved, once the growth rate of the Gini coefficient

becomes zero:

LY W =0= INp =22 BB

W, =0=IMp" =
° P b, b, b,

In the following Figure 5, we visualize the established relationship between
the propensity to innovate and the growth rate of income dispersion.
Result:

a

Wiygo =0:>G*=a— and Wy =0=IMp =
2

W,Np=0:>G*=% and wg =0=> INp" =
2

'\’O-lo- Ndlpp

o The next question is not trivial: what is the relationship between the propen-
sity to innovate (imitate), on the one hand, and the degree of concentration
of intra-firm personal incomes, on the other hand: what determines

dINp/dG ?

4.4. The Propensity to Innovate and the Dispersion of Personal
Incomes

¢ For the growth rate of the propensity to innovate, we have:
_dINp/dt dINp

Wiy = IND -a, +a,G ©T=(—a3 +a,G)INp
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W, =—b, +b,IN,

tanf3 =b,

>IN,

S

IN' =
—bs{ L

Figure 5. Growth of income dispersion and the propensity

to innovate. Source: own compilation.

e Mutatis mutandis, the following holds for the growth rate of the dispersion of

personal incomes:
Wg :dG—/dt:—b3 +b,INp <:>d—G:(—b3 +b,INp)G
G dt
¢ Building a quotient between d/Np/dtand d G/d¢gives:

dIiNp/dt _dINp _ (—2a;+a,G)INp
dG/dt ~ dG (b, +b,IQ)G

We can solve this equation using the so-called Lotka-Volterra-technique:

b5 Jainp=[ &1, |do
INp G
j_—b3+b2 diNp = [(-2,/G +a,)dG
INp
b, InINp +b,INp=-a,InG +a,G +c
exp(—b; In INp +b,INp) =exp(-a, ING +a,G +c¢)
INp>e™™"P =G %e%%e; as: INp™ =g >V

We now proceed to derivate the maximum values, that is the points of vertical
respective horizontal tangents. To achieve the points of horizontal tangents, we
take the derivative of the left side of the above equation. For reasons of simplifi-

cation, we define:
INp e’ =G %e%¢°;as INp™® =e™>""™;let: INp=x
Then, we have:
—b,x e 4+, x =™ =0
or
X et (—bax‘l + b2) =0
Besides the trivial solution of x = 0, the further solution is obviously:

X =b,/b, =INp”
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From the right side of the above equation we may achieve the points of vertic-
al tangents by taking derivatives:
G® (eazG )e° =g (—agG""*TlealzG +a,e%°G™ ) =0
or
e°G %e*® (—aGG‘1 + az) =0
Besides the trivial solution of G = 0, the further solution is obviously:
G = a/a,

e The solution may be depicted as a closed loop around the stationary equili-
brium, P (Figure 6):

Wy 205G =3 and w, =0= INp’ =2
8, b,
Explaining the rationale of the stationary equilibrium Z:

e Gini coefficient G" =a,/a, : the higher a, is, the more will a stronger spread
in the system of wages and salaries promote an increase in the propensity to
innovate. The higher a; is, the sooner will a drop in the propensity to inno-
vate occur, whenever there is a lack of concentration among personal in-
comes within the firm.

e Propensity to innovate INp”=b, /b, : the smaller b, is, the less will we expe-
rience a further spread in the system of wages and salaries caused by a high
propensity to innovate. Je larger b; is, the sooner will a lack of innovative ac-
tivities result in a decline of the concentration of personal incomes.

Example:
Point D: minimum of the propensity to innovate - an increase is feasible with

a greater dispersion of personal incomes: Point A: Here we have a maximum in

the concentration of incomes (somehow a certain degree of overshooting

vis-a-vis to the equilibrium level), more of the propensity to innovate is achieva-
ble only with less concentration of incomes. Hence, the maximum of the pro-
pensity to innovate is finally reached (Point B) along with a consolidation in the
dispersion of incomes. However: Further reductions in the concentration of in-
comes stimulate imitations to the detriment of innovations (Point C). Imitations
dominate even at a now again increasing dispersion of personal incomes (this is
a sort of ratchet effect). Finally, innovative (imitative) activity reaches a mini-

mum (maximum) at Point D ...

5. The Macroeconomic Cycle

In Figure 7, we have reproduced the closed-loop developed theoretically above.
We can now test, whether we can transfer the insights gained from the dynamics
of innovation, imitation and personal income distribution at the firm level to the
macroeconomic field of the business cycle. If so, we would contribute to recon-
cile the alleged disparity between microeconomics/market economics on the one

hand and macroeconomics/business cycle economics on the other hand.
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Figure 6. The cycle of income distribution and the propensity to
innovate. Source: own compilation.

IN &

IN,

- G
G

Figure 7. A stylized version of the business cycle. Source: own
compilation.

1) Economic Upswing

Obviously, Point D is associated with an equilibrium in personal income dis-
tribution which is (when we move upwards and to the right) now destroyed (by
the way, very much in the sense of Schumpeter) by innovations/technical
progress, a rise in profits per unit of production (Barone curve!) due to the ac-
tivities of pioneer entrepreneurs. The concentration of personal income rises
while the wage quota necessarily drops.

2) Boom

From Point A on, innovations and related investments increase, new capaci-
ties are created. The profile of profits, however, begins to decline, so that con-
centration of personal incomes subsides. Employment and production go up, the
GDP reaches a peak. However, productivity progress begins to slow down, costs
will now increase, at least about prices.

3) Downswing

From Point B on, a decline of economic activity (at least relative) begins, ac-
companied by rising wages and salaries (the famous lag of tariff negotiations
during the cycle becomes effective), dropping profits, the wage quota rises, the
concentration of personal incomes comes down (and reaches a minimum at
Point C). Innovation declines whereas imitation experiences a continuous (and
at least relative) rise. Output and employment suffer a severe crunch.

4) Recession
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From Point C on, innovative activities decline further (below their stationary
or average value), the share of imitations (innovations) finally reaches a peak
(low) in point D. Firms organize a reduction of (idle) capacities. Production and
employment are still falling. Unions agree to tolerate and give in to wage mod-
eration (to curb dismissals of the employees) a policy, which tends to elevate

once more the concentration of personal incomes.

6. An Empirical Evaluation

The above Figure 7 demonstrates the cyclical behavior of income distribution
and innovation. The described pattern is taken to be a stylized fact of the busi-
ness cycle. It also implies the existence of a sort of equilibrium value
(steady-state) for income distribution and the propensity to innovate, respec-
tively. The data for the following empirical analysis stem from the OECD 2019
(Gini coefficients ex-post) and Globalinnovationindex.org 2019 (Innovation in-
dex). The analysis is therefore necessarily of a macroeconomic nature.

The relationship found in Figure 8 (see for the estimation technique Stock &
Watson, 2012), which is the empirical corollary to Figure 4 from above, is con-
cave (this type of curvature fits best the data points) and not linear, as assumed in
the model from above. This implies that empirically, an increasing innovation ac-
tivity (as measured here by the innovation index) has, on average, a positive, but a
declining influence on the skewness of income distribution (as measured here by
the “Delta”, of the Gini index) change, the more we move to the right. This
matches the insights from Gossen’s second law and it is not surprising at all.

The relationship found in Figure 9), which is the empirical corollary to Fig-
ure 5 from above, is essentially U-shaped. This implies that empirical facts are
slightly more complex than the linear model above suggested. Economically, the
U-shaped estimation function means the following: On the one hand, it seems
that (reading Figure 9 from left to right) at the beginning (i.e. at low levels of the
Gini coefficient) a move towards more inequality at first hinders innovation. But
as we look further to the right, we realize that the income skewness distribution
(and so the Gini coefficient) has to go beyond a certain or critical level so that
only from then on a further increasing Gini coefficient will exert a positive in-

fluence on the change of the innovation index.

7. Conclusion

In this paper, we have made, to the best of our knowledge, a first attempt to link
directly the economic variables of personal income distribution and innovation
activity. The relationship postulated here works on both sides, that is skewness
of personal income distribution drives the dynamics of innovation and at the
same time it is innovation activity which tends to have an impact on the distri-
bution of personal incomes and to push, ceteris paribus, towards more inequali-
ty of incomes. The model is essentially firm-oriented, and based on market
processes, but, as we have seen, it can be easily transferred to the macroeconomy

and thereby contribute to explain the four stylized phases of the business cycle.
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Figure 8. The impact of innovations on income distribution. Sources: OECD
(2019), Globalinnovationindex.org (2019), own calculations.
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Figure 9. The impact of income distribution on innovation. Sources: OECD
(2019), Globalinnovationindex.org (2019), own calculations.

The empirical check of the model is necessarily quite preliminary, given the
lack of firm-specific data on innovation activities and personal income distribu-
tion within the firm. We, therefore, had to rely totally on macroeconomic data in
our non-linear regression analysis. Here, the limitations are obvious, especially
when it comes to using data of personal income distribution. The available Gini
coefficients provided by the OECD are only ex-post figures. That means, that, on
the one hand, we do not know how personal income distribution behaves before
taxes and transfers, that is, ex-ante, under the impact of innovation activity. On
the other hand, it would be ideal as well to know Gini coefficients ex-ante to as-
sess their impact on innovation endeavors before the government corrects in-
come distribution through taxes and transfers.

Nevertheless, our first empirical findings tend to modestly support and con-

firm the theoretical findings of this paper. As a consequence, we can add another
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point of view to the presumed conflict between economic growth (which pri-
marily rests on technical progress, i.e. innovations), on the one side, and equity
in the distribution of (personal) incomes, on the other.
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