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Abstract: This study empirically tests the effects of income inequality on growth for 43 countries from
1991 to 2014 based on a cumulative growth model. The results show that, first, the estimation results
using a reduced equation reveal a positive correlation between the income inequalities of lagging
countries and the respective growth gaps with the frontier country. This confirms that the increase
in income inequality negatively affects growth. Secondly, a cumulative growth model using 3SLS
estimation shows that income inequality has a negative effect only on investment. However, we fail
to find correlations between technological innovation and income inequality and between human
capital accumulation and income inequality. Considering that investment has a positive impact
on productivity, we conclude that income inequality has a negative impact on investment and that
the resulting sluggish investment has a negative impact on productivity, which in turn negatively
influences growth. Third, contrary to Kaldor and Barro’s prediction, we find that income inequality
in developing countries is negatively correlated with growth, particularly for investment. The effects
of income inequality on investment are found to be similar in both developed and developing
countries. We also find region-specific differences in the paths through which income inequality
affects sustainable economic growth.

Keywords: income inequality; sustainable economic growth; investment; innovation and
human capital

1. Introduction

Studies showing that income inequality plays a constructive role in sustainable economic growth
(positive theory) and studies showing a negative role (negative theory) seem to reach mutually
contradictory conclusions. Ref. [1] is a typical study emphasizing an active role of income inequality in
economic growth. In his paper “Equality and Efficiency: The Big Trade-off”, Okun argues that income
inequality, by giving appropriate motivations to economic agents, promotes labor willingness, capital
accumulation and technological innovation, thus resulting in aggressive economic growth. In the same
context, Okun indicates that welfare institutions and redistribution policies create distortions, such as
the “leaky bucket”, such that income redistribution policy is predicted to have a negative influence on
economic efficiency and economic growth. In recent years, Ref. [2] have found that income inequality
plays an active role in technological innovation and entrepreneurial spirit in a comparison study of the
United States and Sweden.

However, since the global financial crisis, further studies have highlighted the negative impact
of income inequality on growth. Looking at the global financial crisis, the worst since the Great
Depression of the 1930s, economists have begun to raise questions about Okun’s trade-off between
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equality and efficiency and have focused on the linkages among income inequality, increased systemic
instability, and low economic growth. As a result, they have reached the following conclusions.
First, it is clear that waves of growth have not “floated all boats”. The steady state assumed by Solow
and trickle-down effects have failed to resolve income inequality in the process of economic growth.
Rather, widening income inequality threatens economic sustainability and causes economic crises [3-5].
Secondly, researchers point out that the expansion of income inequality was one cause of the global
financial crisis [4-7]. Third, more focus has been directed at the importance of political factors in
increasing income inequality [8,9].

In this study, we construct a theoretical model that covers both the positive and negative
arguments. Based on this, we empirically test the effects of income inequality on economic growth
using macro data for 43 countries. Past studies have shown that income inequality has a significant
impact on technological innovation, investment, and accumulation of human capital. As a result,
income inequality has been attracting attention as a channel through which economic growth is
impacted. The model of income inequality we propose in this paper has been developed to consider
the possibility of both positive and negative impacts of income inequality on technological innovation,
investment, and the accumulation of human capital. This allows us to investigate how income
inequality has a positive or negative impact on sustainable economic growth. Next, we test the
cumulative growth model by using macro data from 43 countries, along with country dummy variables
such as developed/developing countries and Asian/South American countries. Finally, based on the
results, we examine what types of government policies should be followed in relation to growing
income inequality and how these policies could affect income inequality growth.

This paper is organized as follows. In Section 2, we review the extant literature. In Section 3,
we construct a model showing the correlation between income inequality and growth. In Section 4,
we present the empirical estimation results, and in Section 5, we conclude the paper.

2. Literature Review

Studies showing that income inequality plays a positive role in economic growth are largely based
on three arguments. The first argument focuses on investment indivisibilities wherein large sunk costs
are required when implementing new fundamental innovations. Without stock markets and financial
institutions to mobilize large sums of money, a high concentration of wealth is needed for individuals
to undertake new industrial activities accompanied by high sunk costs [1,10,11]. supporting [10,12]
shows the relation between economic growth and income inequality for 45 countries during 1966-1995.
He finds out that the increase in income inequality has a significant positive relationship with economic
growth in the short and medium term. Using system GMM, [13] estimate the relation between income
inequality and economic growth for 106 countries during 1965-2005 period. The results show that
income inequality has a positive impact on economic growth in the short run, but the two are negatively
correlated in the long run. The second argument is related to moral hazard and incentives, and was first
modeled by [14]. Because economic performance is determined by the unobservable level of effort that
agents make, paying compensations without taking into account the economic performance achieved
by individual agents will fail to elicit optimum effort from the agents. Thus, certain income inequalities
contribute to growth by enhancing worker motivation [1] and by giving motivation to innovators
and entrepreneurs [15]. Finally, [16] point out that the concentration of wealth or stock ownership
in relation to corporate governance contributes to growth. If stock ownership is distributed and
owned by a large number of shareholders, it is not easy to make quick decisions due to the conflicting
interests among shareholders, and this may also cause a free-rider problem in terms of monitoring and
supervising managers and workers. This line of reasoning is commonly found in research asserting
the need for asset ownership and concentration of wealth in Central and Eastern European countries
and other transition economies and is related to the so-called “tragedy of the anti-commons” of [17].

Various studies have examined the relationships between income inequality and economic growth,
and most of these assert that a negative correlation exists between the two. In particular, recent
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studies include [18]. Analyzing 159 countries for 19802012, they conclude that there exists a negative
relation between income inequality and economic growth; when the income share of the richest 20%
of population increases by 1%, the GDP decreases by 0.08%, whereas when the income share of the
poorest 20% of population increases by 1%, the GDP increases by 0.38%. Some studies find that
inequality has a negative impact on growth due to poor human capital accumulation and low fertility
rates [19-22], while [23,24] point out that inequality creates political instability, resulting in lower
investment. [25,26] argue that widening income inequality has a negative impact on economic growth
because it negatively affects social consensus or social capital formation. One important research topic
is the correlation between democratization and income redistribution. Ref. [27] explain that social
pressure for income redistribution rises as income inequality increases in a democratic society. In other
words, when democratization extends suffrage to a wider class of people, the increased political power
of low- and middle-income voters results in broader support for income redistribution and social
welfare expansion. However, as [8,28-32] argue that an increase in inequality of opportunity not only
leads to an increase in income inequality, but also reduces economic efficiency. Furthermore, Ref. [8,33]
argue that the impact of family background and parental socio-economic status on children’s income is
increasing compared to the past.

3. Model: Relation between Income Inequality and Economic Growth

Following references [34-36], we assume the growth gap between frontier and lagging countries
as follows. A frontier country is a country that leads technological innovation, performing radical
innovation. These countries were the United Kingdom during the Industrial Revolution and the United
States as of now. Lagging country refers to a group of countries that develop their own technology by
applying technologies developed by frontier countries.

(1)F _ PROf
o ) o PRO;

)

where F and i represent a frontier country and lagging countries, respectively, and Yr, Ly, Y; and L;

stand for output and labor in frontier country (F) and in lagging country (i), respectively. (%) rand

(%)i, wherein output is divided by labor, show labor productivity in the frontier and lagging countries.
Suppose that the lagging country has a Cobb—Douglas production function as follows,

Y; = ALSKD )

where Y, A, L, and K mean GDP, technology, labor, and physical capital stock, respectively. Using
Equation (2), we can express labor productivity (PRO) as follows:

Y _
() =PRO; = AL{™'K] 3)

1

The labor productivity growth rate (pro) can be derived from the log difference of Equation (3),
pro; = a; + (a - 1)11' + pk; (4)

PRO _ A__ L_7 K_
wherem—pro,z—a,z—l,——k.

Technological change or innovation is assumed to be affected by the following factors:

a; = ag + O1ter; + Ozieq; + 03G;
61 >0, 6p<or>0,603>0

®)

Equation (5) implies that technological change in a lagging country is influenced by the diffusion of
technology from other countries, domestic innovation, and the degree of inequality (ieq). The diffusion
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of knowledge from abroad is assumed to be proportional to the growth gap (G;) as predicted by
catch-up theory. Equation (5) also assumes that the production of knowledge is determined by human
capital, represented by the tertiary enrollment ratio (fer) using the knowledge production function
of [37]. There is no strong empirical evidence to make a priori assumptions about the relationship
between income inequality and technological innovation. However, authors of [1,2,15] have argued
that according to the incentive-insurance trade-off in the model related to moral hazard by [38],
income inequality and a weaker safety net give positive motivation to innovation and entrepreneurship,
which can bring positive contributions to growth. In “Equality and Efficiency: The Big Trade-off”, Okun
argues that the welfare system and income redistribution policy to improve socio-economic equality
lower economic efficiency due to the “leaky bucket” effect. Thus, the existence of socioeconomic
inequality increases economic efficiency and growth by improving worker incentives and providing
motivation to invest and engage in technological innovation. [2] compare the competitive US-style
growth model, “cutthroat capitalism”, and the less competitive and more equitable Nordic growth
model, “cuddly capitalism”, and take a critical view of cuddly capitalism. This stems from the authors’
view that the Nordic countries have developed by free riding on technological innovation achieved
by countries of cutthroat capitalism like the US, rather than on their own technological innovation.
Acemoglu, Robinson and Verdier argue that in countries such as the United States that lead with
“fierce innovation”, the larger the income gap between successful and unsuccessful entrepreneurs,
and the weaker the safety net, the more motivated entrepreneurs are to innovate. These authors take
the view that in countries leading with fierce innovation, income inequality has worked to provide an
appropriate motive, so that a weak system of social protection and higher inequality are inevitable.

On the other hand, Ref. [8,39] argue that when income inequality increases inequality of opportunity
and weakens social mobility, family background rather than individual talent plays the critical role
in the creation and distribution of wealth and that this decreases motivation for innovation. Stiglitz
also points out that rent-seeking behavior, especially rent-seeking behavior in the financial sector, is an
important cause of current US income inequality. Such rent-seeking behavior distorts human resource
allocation, which has a negative impact on innovation, as top talent in the US is driven into the financial
sector rather than into science or research. Ref. [40] explains that in contrast to Okun’s argument,
the welfare system contributes to efficiency improvements by playing a positive role in technological
innovation. Looking at Northern European countries with their high minimum wages and high overall
wages under a well-developed welfare system, he posits that such high wages encourage companies to
actively implement labor-saving innovations and diffuse the related technology quickly. In addition,
Boyer argues that well-equipped unemployment insurance systems play a positive role in technological
innovation by providing a social safety net that encourages inventors and innovators to embrace the
high risks of innovation.

As noted above, previous studies on the correlation between income inequality and technology
innovation point to both negative and positive correlations, which means that 5, > or < 0in Equation (5).

For the frontier country, which does not experience a catch-up effect, technological change or
innovation can be expressed as follows:

ar = ap + O1terr + Ozieqr
61 >0, 6p<or >0

(6)

In Equation (7), investment is affected by an increase in demand (y;) based on the acceleration
principle [36,41,42]. Investment is also a function of the real interest rate (r;).

ki = ko + w1y + por; + pzieq;
p1 >0, up< 0, uz >or <0

@)

Claims of correlation between income inequality and investment are controversial. Previous
studies have suggested two routes for a negative correlation between the two. The first route is shown
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by [23], who argue that in countries with high levels of income inequality and social polarization, social
unrest increases, which in turn raises socio-political instability and lowers investment. The second,
proposed by [43], is founded on a political economy model based on an endogenous growth framework.
Under this pathway, in countries with high income inequality, the majority of voters support tax
increases on the rich and income redistribution. If these policies are implemented through voting, the
low-income earning will benefit, while the high-income group will reduce their investment, resulting
in a subsequent negative impact on growth.

On the other hand, other studies suggest different paths through which income inequality affects
investment. Ref. [10] argues that because the propensity of the rich to save is higher than that of the
low-income group, an increase in income inequality increases savings when wealth is concentrated in
the rich, resulting in an increase of investment. Ref. [11] argues that income inequality in developing
economies contributes to economic growth by allowing a small number of individuals to accumulate
and invest at a level above the minimum needed to start economic development. As noted above,
existing studies of income inequality and investment support positions for both negative and positive
correlation, which implies p3< or >0 in Equation (7).

ter; = terg + mysec; + maG; + T3ieq;
711 >0, 1p <0, 13 <0

®)

In Equation (8), school enrollment in tertiary education (ter;) is used to proxy the level of human
capital and is a function of the secondary enrollment rate (sec;) It is expected that the lower the
level of economic development (G;), the lower the enrollment rate. Most research confirms that
income inequality has a negative impact on human capital, especially human capital accumulation
in low-income brackets [19-21]. In addition, Ref. [22] look at the relationship between income
inequality and the fertility rate based on income quintiles and find that the fertility rate is lower for
the lower-income group. This result implies that as income inequality increases, the stock of human
capital throughout society decreases, which negatively affects productivity and growth. Ref. [44]
takes a different perspective to show that income inequality has a negative impact on human capital
accumulation. According to this argument, individuals determine the amount to invest in their own
human capital based on projected future returns on that human capital. When there exists a wide
gap in income inequality, it is expected that high income taxes will be levied for redistribution. Thus,
widening income inequality (ieg;) has a negative impact on human capital accumulation.

li=lo+yyi )
yi = pro; + I; < Accounting identity > (10)

Employment (/;) is presumed in Equation (9) to be influenced by the growth rate of demand (y;)
for the respective country. The growth rate of national income is defined in Equation (10) as the sum of
labor productivity and the employment growth rate.

Using Equation (1), the growth rate of the inter-country growth gap is expressed as

g = prog — pro; (11)

From Equation (4)-Equation (11), we can derive the following equation:

G =BG+ AG? (12)

Q‘

2 —B+AG

Q
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1- . .
B= m[ﬁ‘uz(@ —1i) + 01711 (secp — seci) + (0173 + Op + Pus) (ieqr —ieq;)] >< 0

A— (1-y)(61712+03)

)l —pu ~ S 0

IfG= % = 0, we can have two solutions from Equation (12):

G =00rG; = _AE

There are four possible cases depending on the values of A and B, and these are depicted in
Figure 1. In Case 1, the growth gap between the frontier and lagging country continues to increase
(when the initial growth gap is to the right of the origin) or the lagging country catches up to the
frontier country (when the initial growth gap is to the left of the origin). However, since the lagging
country has a lower income level than the frontier country, it is not possible for the initial growth gap
to be to the left of the origin. Thus, Case 1 necessitates that the growth gap between the frontier and
lagging country continues to expand. In this case, A > 0 means that the negative effect of the growth
gap (G) from a low enrollment ratio due to low economic development dominates the positive effects
of the growth gap (G), such as knowledge and technology spillover effects. B > 0 means that the social
capability, which is referred to by [45], of the lagging country is lower than that of the frontier country.
This is the case when the interest rate is higher in the lagging country than in the frontier country due
to the lagging country’s undeveloped financial markets, and when the secondary education enrollment
ratio in the lagging country is lower than the ratio in the frontier country. The positive or negative
effects of income inequality in the lagging country are relatively low. In terms of income inequality,
the positive effect of income inequality is dominant (i.e., in innovation and investment) in the frontier
country, while its negative effect is dominant in the lagging country.

Case 2 shows a scenario with a certain threshold effect on the growth gap between the frontier
and lagging countries. In other words, convergence between the frontier and lagging countries occurs
when the initial growth gap is below a certain level (G?), but growth diverges when the initial growth
gap is above G;. This occurs when, as in Case 1, the negative effect of the growth gap is larger than
its positive effect. Unlike Case 1, however, the social capacity of the lagging country is higher than
that of the frontier country in Case 2. Thus, Case 2 shows that for a lagging country with a relatively
small growth gap with the frontier country, its high social capacity makes it possible to catch up to the
frontier country. However, if the lagging country has a larger growth gap with the frontier country, it
fails to catch up to the frontier country in spite of its high social capacity.

Case 3 is the opposite of Case 1 in that the advantages to the lagging country are stronger than the
weaknesses (i.e., A <0), and the social capacity of the lagging country is higher than that of the frontier
country (B < 0). That is, the effect of technological diffusion from the frontier country is sufficient, and
the lagging country has a lower interest rate, higher secondary enrollment ratio and higher effect of
income inequality than that of the frontier country. In this case, the lagging country can catch up with
the frontier country regardless of the initial growth gap.

In Case 4, the gap converges to an equilibrium. In this case, the advantages as a lagging country
are stronger than the weaknesses, while the social capacity of the lagging country is lower than that of
the frontier country. Facing such circumstances, the gap converges to the equilibrium gap of G; = —%.
However, if the social capacity of a lagging country is lower than the social capacity of other lagging
countries, the equilibrium growth gap will increase from G; to G;*. This can happen when the financial
markets are not well developed, the interest rate is high, and/or the secondary enrollment ratio is low.
An equilibrium gap also results if the level of income inequality is high when the negative effect of
income inequality is dominant and/or the positive effect of income inequality is dominant when the
level of income inequality is low.
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Figure 1. Four possible cases.
4. Estimation Results

To see how the increase in income inequality affects the growth gap, a reduced Equation (12) was
estimated for 43 countries in 1991-2014 and Table 1 shows the These indicate that catching up during
the investigated period was faster when the initial growth gap with the US (the frontier country) was
greater. The estimation result of Model (1-1) corresponds to Case 4 of Figure 1, where lagging countries
fail to completely catch up with the frontier country (the US), and the gap converges to an equilibrium
growth gap. Model (1-2) is the result of estimating Model (1-1) by adding the income inequality gap
(ieqr — ieq;) between the frontier and lagging country. The results show that the growth gap between the
frontier and lagging country increases as the income inequality of lagging country i widens, implying
that increased income inequality in country i has a negative effect on growth.

Table 2 shows the effect of income inequality on economic growth using a three-stage least
squares estimation method (3SLS). The average growth rate of patents filed with the USPTO between
1991 and 2014 is used as a proxy to capture a country’s innovation capability. Instead of the rate of
increase in capital stock, this estimation uses the investment ratio (%/) as a proxy variable because of
the technical difficulties involved in obtaining consistent values for capital stock due to differences
in data collection methodologies between countries. If % is constant, the growth rate of capital

stock (k = IK() is proportional to the investment rate (%,). For this reason, we use the investment rate
as a proxy for the growth rate of capital. Lack of comparable data on inequality measures is one
of the biggest challenges in studying income inequality between a large number of countries. For
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example, though there are many household surveys of distribution, these are often not comparable
with each other. Direct comparison is impossible because some surveys measure income on a per-capita
basis, while others measure income by household. Some surveys also measure disposable income,
while others measure total spending. [46] has divided such surveys into 21 categories and proposed a
methodology for converting these into standard measures of net and market inequality. Under this
proposal, Solt defines net inequality as a computed level of income inequality based on income after
direct taxes and subsidies, while market inequality is the degree of income inequality derived from a
pre-tax and pre-subsidy income basis. In our study, we use net equality, which represents the degree of
income inequality after income redistribution and which is obtained from SWIID 6.2 constructed by
Solt. The estimation results using Gini coefficients from the World Development Indicators, which are
widely used in inequality-related studies, are provided in Appendix A and these show similar results.

Table 1. Estimation of reduced equation.

Model (1-1)

S — 0.1706 - 0.0060G;
(4.93) *** (=9.94) **
R2 = 0.699

Model (1-2)

g = 0.1992 — 0.247 (ieqF — ieq;) — 0.0660G;
(5.49) *** (=2.02) ** (—10.33) ***
R? =0.720

Note: T-values are shown in parenthesis. ** and *** indicate statistical significance at 10%, 5% and 1%, respectively.

Table 2. Estimation of the simultaneous equation model.

Model (2): Without Dummy

pro = —0.2737 + 0.64211 + 0.0866(%) + 0.1596pat
(—=2.35) ** (1.69) * (2.19) ** (1.36)
RMSE = 0.013 x% =72.00
pat = —0.2115 + 0.0847ter — 0.0211ieq + 0.0882G199;
(—1.03) (3.13) *** (—0.58) (5.58) ***
RMSE = 0.048 x2 =34.77
L) = 3.7619 + 0.1632y — 0.0639r — 0.2047ieq
(12.25) *** (3.38) *** (=1.55) (—2.14) **
RMSE = 0.134 x2 =16.02
ter = 0.4599 + 0.9560sec — 0.2653ieq — 0.2195G 1991
(0.24) (2.95) *** (=1.15) (—2.33) **
RMSE = 0.284 x2 = 86.00
I=0.0008 + 0.0078y
(0.24) (2.91) **+
RMSE = 0.008 x2 =847
Accounting identity y = pro +1

—
|
~
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Table 2. Cont.

Model (3): With Developed and Developing Countries Dummies

pro = —0.1593 £ 0.02311 + 0.0546( £ ) + 0.2313pat
(=1.93) ** (=0.07) (2.08) ** (3.27) ***
RMSE = 0.021 x% = 97.55
pat = —0.1582 4 0.0053ter + 0.0389%ieq-dum g, + 0.0321ieq-dum z,, + 0.0515G1991
(—0.24) (0.16) (1.07) (0.92) (2.94) ***
RMSE = 0.038 x% = 32.66
(£) = 35711 + 0.1917y — 0.0602r — 0.1577ieq-dumy gz, — 0.1691ieq-dunge,
(10.47) *** (4.14) *** (=2.07) ** (~=1.61) * (~1.83) *
RMSE = 0.134 x% = 21.75
ter = =1.3375 + 1.2146sec — 0.0878ieq-dum,, — 0.1039ieq-dum ., — 0.1717G1991
(=0.71) (3.86) *** (=0.32) (—0.41) (-1.78) *
RMSE = 0.294 x% = 89.16
1 = 0.0007 + 0.0078y
(0.23) (2.99) ***
RMSE = 0.008 x2 = 8.93
Accounting identity y = pro + 1

Model (4): With Asian Countries Dummy

pro = —0.2106 + 0.29221 + 0.0664( £ ) + 0.1967pat
(=2.15) ** (0.89) (2.01) ** (2.15) **
RMSE = 0.012 x% = 78.92
pat = —0.1311 + 0.0578ter — 0.0127ieq + 0.0120ieq-dum,sj, + 0.0719G199;
(=0.59) (1.86) * (—0.34) (1.04) (4.04) ***
RMSE = 0.045 x2 = 34.92
(4) = 3.6400 + 0.0839y — 0.05017 — 0.1554ieq + 0.1265ieq-durmygiy
(15.06) **#(1.95) ** (—=1.58) (—=2.13) ** (4.43) ***
RMSE = 0.122 x2 = 32.74
ter = —0.3040 + 1.1141sec — 0.2660ieq — 0.1679ieq-dum,g; — 0.1236G1991
(—0.16) (3.33) *** (=1.18) (~1.85) * (~1.10)
RMSE = 0.276 x2 = 97.01
I=0.0007 + 0.0078y
(0.22) (2.94) ***
RMSE = 0.008 x? = 8.66
Accounting identity y = pro + 1

Model (5): With Latin American Countries Dummy

pro = —0.1876 + 0.45481 + 0.0577(£ ) + 0.2273pat
(=1.89) * (1.37) (1.72) * (2.41) **
RMSE = 0.012 x% = 76.05
pat = —0.3188 + 0.0857ter + 0.0103ieq — 0.0093ieq-dum;,; + 0.0856G1991
(=1.47) (3.20) *** (0.27) (—2.43) ** (5.78) ***
RMSE = 0.047 x2 = 39.71
() = 35331 + 0.1633y — 0.0434r — 0.1449ieq — 0.0264ieq-durm;y;
(9.96) *** (3.47) *** (—0.95) (~1.38) (—1.39)
RMSE = 0.129 x% = 19.71
ter = 1.2062 + 0.9158sec — 0.4341ieq 4 0.0467ieq-dunyy; — 0.2143G1991
(0.60) (2.84) *** (=1.60) (1.20) (—=2.27) **
RMSE =0.280 x% =89.92
1= 0.00007 + 0.0078,
(0.24) (2.92) ***
RMSE =0.0083 x2 =850
Accounting identity y = pro +1

Unlike Model (1-1) in Table 1, Model (2) in Table 2 considers growth through various routes
such as technology innovation, investment, human capital accumulation, and income inequality.
Models (3) through (5) are estimated taking into account regional characteristics. Model (3) is a
comparative analysis of the effects of income inequality on growth, dividing countries into developed
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and developing countries. There are 29 developed countries in our analysis: Australia, Austria, Belgium,
Canada, Chile, Czech Republic, Denmark, Finland, France, Germany, Greece, Holland, Hungary,
Iceland, Israel, Italy, Japan, Korea (South), Mexico, New Zealand, Norway, Portugal, Singapore,
Slovakia, Spain, Sweden, Switzerland, the UK, and the US. Furthermore, 14 countries are categorized
as developing countries, including Argentina, Brazil, China, Colombia, Egypt, India, Indonesia,
Malaysia, Philippines, Russia, South Africa, Thailand, Turkey and Venezuela. We classify countries
as developed (or high-income) if their GNI per capita is more than $12,236 and developing if it is
less than $12,236 in 2016 according to the World Bank. Model (4) focuses on the characteristics of
Asian countries and analyzes how the effects of income inequality on growth in Asia are different
from those of other countries. On the other hand, Model (5) focuses on the characteristics of South
American countries and compares the Latin American region with other countries. The regional
dummy variables, dum,g,, dum gy, dumgs;,, dumy,, are developed country, developing country, Asian
country, and South American country dummies, respectively.

The first equation in Model (2) estimates the determinants of productivity and finds that over the
past 25 years, investment in fixed capital has been the driving force of productivity growth. Assuggested
by [34-36,47], catch-up effects also showed a positive influence on technological innovation, implying
that technology spillovers from the frontier country play a positive role in technological innovation.
However, we were unable to achieve statistically significant results when checking whether income
inequality has a positive or negative effect on technological innovation. The results do not confirm
that income inequality drives innovation and entrepreneurship as suggested by [1,2,15] and also do
not demonstrate that income inequality has a negative impact on innovation as argued by [8,39,40].
The third equation is an estimate of the investment function. The coefficient for the GDP growth rate is
positive and statistically significant, confirming that the acceleration principle applies to investment.
However, we cannot confirm that the real interest rate has a negative impact on investment. The impact
of income inequality on investment is statistically significant with a negative sign, indicating that
income inequality has a negative effect on investment. Unlike the predictions of [10,11], the results
support the findings of [23,43]. This model assumes a cumulative relationship among productivity,
growth, and investment; that is, a high rate of investment leads to productivity improvements,
productivity improvements lead to growth and growth increases investment, thus creating a virtuous
circle. Or conversely, a low rate of investment leads to low productivity, low productivity leads to low
growth, and low growth is connected to low investment, thus forming a vicious circle among these
factors. The results of this study confirm such a cumulative relationship among productivity, growth,
and investment.

An estimation of human capital accumulation, the third path through which income inequality
affects growth, was conducted in the fourth estimation equation. The higher education enrollment
ratio, which represents the level of human capital, is positively influenced by the secondary enrollment
ratio. Also, there exists a negative correlation between a higher education enrollment ratio and the
level of economic development (G;), indicating that the lower the level of economic development, the
lower the enrollment rate of tertiary education. On the other hand, unlike studies by [19-21], our study
fails to confirm that income inequality has a negative effect on human capital accumulation.

Authors of [10,11] emphasize that, depending on the level of economic development, income
inequality can positively affect growth. In other words, in developing countries where capital is
insufficient compared to developed countries, the concentration of wealth in the rich with a high
propensity to save will increase investment. To investigate this, Model (3) analyzes the effects of
inequality on growth by dividing the sample into developed and developing countries. The estimation
results are similar to Model (2); thus, we fail to find that inequality has an impact on technological
innovation and human capital accumulation, which can affect a country’s economic growth, but we do
find that unequal income distribution has a negative impact on investment in both developed and
developing countries. In other words, unlike Kaldor and Barro’s predictions, we find that income
inequality negatively affects investment even in developing countries. The coefficients of estimation



Sustainability 2020, 12, 5740 11 of 16

are similar for both developed and developing economies, at —0.1577 for developed countries and
—0.1691 for developing countries.

Models (4) and (5) show the estimation results obtained when controlling for regional characteristics.
Model (4) includes the Asian region dummy in the estimation equation. It is notable that the effect
of inequality on the investment function is relatively low compared to other regions. In Asia, the
estimated coefficient of income inequality is —0.0289 (-0.1554 + 0.1265), but in non-Asian countries it is
—0.1554. This indicates that the negative effects of income inequality on investment are relatively low
in Asia. In addition, income inequality has a negative impact on human capital accumulation in Asian
countries, although it is statistically significant only at the 10% level. In addition, as shown in the
second estimation equation of Model (4), human capital has a positive effect at a 10% significance level
on technological innovation as measured by patent applications, and this innovation has a positive
effect on productivity improvements. In summary, income inequality in Asian countries has a negative
impact on human capital accumulation, and this low human capital accumulation has a negative
impact on technological innovation, and ultimately, low technological innovation has a negative impact
on growth.

Model (5) includes the South American dummy. The path through which income inequality
negatively affects growth in the South American region can be confirmed through the second and
first equation. In the second equation, the coefficient of the term combining inequality and the South
American dummy has a negative sign, which means that as South American income inequality increases,
technological innovation decreases. Combined with the first estimate of productivity, we find that
the increase in income inequality in South American countries has a negative impact on technological
innovation, which in turn has a negative impact on productivity growth. In the end, both in Asia and
Latin America, income inequality has a negative effect on technological innovation, which in turn has
a negative impact on productivity improvement and growth. However, in Asian countries, inequality
has a negative effect on technological innovation by influencing human capital accumulation, whereas
in South American countries, income inequality has a direct negative effect on technological innovation.

5. Conclusions and Summary

Previous studies argue that income inequality has positive and/or negative effects on technological
innovation, investment and human capital accumulation, and therefore, ultimately affects sustainable
economic growth. Even though income inequality can have an impact on economic growth through
various routes, previous studies have focused on the individual relationships between income inequality
and technology innovation, between income inequality and investment, or between income inequality
and human capital. Without comprehensively understanding how these factors interact with each
other, it is not possible to systematically explain the effects of income inequality on sustainable
economic growth. In this study, we examine how income inequality affects growth through three paths:
technology innovation, investment, and human capital. Based on a cumulative growth model that
includes all three paths, we empirically test the effects of income inequality on growth for 43 countries
from 1991 to 2014. The results of the analysis are summarized as follows.

First, the estimation results using a reduced equation reveal that a positive correlation exists
between the income inequalities of lagging countries and the respective growth gaps with the frontier
country. This confirms that an increase in income inequality negatively affects growth.

Secondly, the estimation of a cumulative growth model using 3SLS estimation shows that income
inequality has a negative effect only on investment. However, we fail to find correlations between
technological innovation and income inequality and between human capital accumulation and income
inequality. Considering that investment has a positive impact on productivity, we conclude that
income inequality has a negative impact on investment and that the resulting sluggish investment has
a negative impact on productivity, which in turn negatively influences growth.

Third, Kaldor and Barro argue that the effect of income inequality on growth differs depending on
the level of a country’s economic development. Therefore, in this study, we used dummy variables that
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classify countries according to their economic development level. In contrast to Kaldor and Barro’s
estimates, our results show that income inequality in developing countries has a negative impact on
growth, particularly as it impacts investment. The effects of income inequality on investment are found
to be similar in both developed and developing countries.

We also find that there are region-specific differences in how income inequality affects growth.
In the case of Asian countries, income inequality is negatively associated with growth through two
paths. First, income inequality is found to negatively impact investment, but this negative effect
is relatively low compared to other regions. It is also noteworthy that income inequality in Asian
countries has a negative impact on human capital. Reduced human capital has a negative impact on
technological innovation, which ultimately has a negative effect on growth. In other words, we find
that there exists a cause-and-effect chain from income inequality to human capital accumulation, on to
technological innovation and finally to sustainable economic growth.

Lastly, income inequality in South American countries has a negative impact on technological
innovation, which in turn has a negative impact on productivity and economic growth. Both Asian and
Latin American countries show similarities in that income inequality has the same negative effect on
technological innovation, which has a negative impact on productivity and growth. However, in Asian
countries, income inequality negatively affects technological innovation by suppressing human capital
accumulation, whereas in South America, income inequality directly affects technological innovation.

It is difficult to propose definitive policy implications due to the inherent limitations of
cross-country regression analysis using incomplete datasets. However, our results suggest that
government efforts to mitigate income inequality will accelerate investment, human capital
accumulation and technological innovation, and that this can play a positive role in reducing the
growth gap between countries and realizing sustainable economic growth.
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Appendix A

Table A1. List of the 43 Countries.

Argentina, Australia, Austria, Brazil, Belgium, Canada, Chile, China, Columbia, Czech Republic, Denmark, EQypt,
Finland, France, Germany, Greece, Hungary, India, Indonesia, Ireland, Israel, Italy, Japan, Korea, Malaysia, Mexico,
Netherlands, New Zealand, Norway, Philippines, Portugal, Russia, Singapore, Slovakia, South Africa, Spain, Sweden,
Switzerland, Thailand, Turkey, United Kingdom, United States of America, Venezuela
There are 29 developed countries in our analysis: Australia, Austria, Belgium, Canada, Chile, Czech Republic,
Denmark, Finland, France, Germany, Greece, Holland, Hungary, Iceland, Israel, Italy, Japan, Korea (South),
Mexico, New Zealand, Norway, Portugal, Singapore, Slovakia, Spain, Sweden, Switzerland, the UK, and the
US. In addition, 14 countries are categorized as developing countries: Argentina, Brazil, China, Colombia,
Egypt, India, Indonesia, Malaysia, Philippines, Russia, South Africa, Thailand, Turkey and Venezuela.
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Table A2. List of Variables.

pro: Average annual growth rate of GDP per worker for 1991-2014
Data: World Bank World Development Indicators Online, ILO Database
G: Growth gap in 1991 measured as a percentage of USA level of labor productivity
Data: World Bank World Development Indicators Online, ILO Database
pat: Average growth rate of the number of patents filed with the USPTO for 1991-2014
Data: USPTO database
ter: Average tertiary enrollment ratio for 1991-2014
Data: World Bank World Development Indicators Online
sec: Averages secondary enrollment ratio for 1991-2014
Data: World Bank World Development Indicators Online
ieq: Average net income inequality for 1991-2014
Data: The Standardized World Income Inequality Database (SWIID 6.2)
I: Average annual growth rate of employment for 1991-2014
Data: ILO Database
I/Y: Average ratio of investment on GDP for 1991-2014
Data: World Bank World Development Indicators Online
y: Average annual GDP growth rate for 1991-2014 (2000 US dollars)
Data: World Bank World Development Indicators Online
r: Average real interest rate for 1991-2014
Data: World Bank World Development Indicators Online

Table A3. Basic Statistics.

Variables Average Standard Deviation Minimum Maximum
pro 0.017 0.015 -0.007 0.087
Iy 3.117 0.162 2.820 3.607
pat 0.092 0.056 —-0.012 0.210

1 0.009 0.009 -0.005 0.029
ieq 3.533 0.243 3.146 4.044
sec 4.526 0.223 3.963 4.958

T 1.607 0.478 0.736 3.686
ter 3.715 0.511 2.341 4.386

Note: Log values taken for all variables.

Table A4. Estimation of the simultaneous equations model: Index of inequality is obtained using Gini
coefficients from the World Development Indicators.

Model (2): Without Dummy

pro = —0.2151 + 0.3593] + 0.0672( %) + 0.2125pat
(—2.33) ** (1.21) (2.16) ** (2.48) **
RMSE = 0.013 x2 =71.40
pat = —0.2116 + 0.0936ter — 0.0199ieq + 0.0908G1991
(=1.07) (2.78) *** (=0.54) (4.88) ***
RMSE = 0.051 x2 =31.78
(4) = 3.8242 + 0.1496y — 0.0612r — 0.2145ieq
(11.67) *** (3.30) *** (—1.45) (-2.11) **
RMSE = 0.126 x2 = 16.58
ter = 0.6659 + 0.8479sec — 0.1773ieq — 0.2682G1991
(0.36) (2.76) *** (—0.80) (—3.02) **
RMSE = 0279 x2 =84.37
I=0.0002+ 0.0080y
(0.07) (2.94) ***
RMSE = 0.008 x2 =8.64
Accounting identity y = pro +1
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Table A4. Cont.

Model (3): With Developed and Developing Countries Dummies

pro = —0.1921 - 0.0336 + 0.0654( £ ) + 0.2133pat
(—=2.04) ** (=0.09) (2.19) ** (3.00) ***
RMSE = 0.012 2 =82.92
pat = —0.0157 + 0.0338ter + 0.0421ieq-dum,z,, — 0.0356ieq-dum e, + 0.0301G1991
(—0.06) —(0.85) (1.01) (0.93) (1.34) **+
RMSE = 0.037 x? =29.53
(%,) = 3.8494 + 0.1754y — 0.0516r — 0.2330ieq-dum g, — 0.2359ieq-dum g,
(10.54) *** (4.05) *** (—1.74) * (=2.26) ** (—2.41) **
RMSE = 0.126 x2 =22.97
ter = —0.4029 + 1.0040sec — 0.0740ieq-dum, g, — 0.0717ieq-dum z,, — 0.2672G1991
(=0.21) (3.25) *** (=0.26) (—0.28) (—2.72) ***
RMSE = 0.287 x%=87.01
I = 0.0001 4 0.0081y
(0.04) (3.04) ***
RMSE = 0.008 x2=9.23
Accounting identity y = pro+1

Model (4): With Asian Countries Dummy

pro = —0.2351 + 0.25471 + 0.0744(+) + 0.2004pat
(—2.49) ** (0.82) (2.33) ** (2.28) **
RMSE = 0.013 2 =77.89
pat = —0.1399 + 0.0631ter — 0.0155ieq + 0.0124ieq-dumgi; + 0.0714G199;
(—0.60) (1.80) * (=0.43) (1.10) (3.53) ***
RMSE = 0.046 x2=31.27
(+) = 3.7653 + 0.0774y — 0.0282r — 0.1953ieq + 0.1267ieq-durgiy
(14.58) ***(1.89) * (=0.84) (—2.43) ** (4.73) ***
RMSE = 0.113 2 =36.98
ter = —0.3496 + 0.9200sec — 0.1877ieq — 0.1474ieq-dum,s;, — 0.2057G1991
(—0.18) (2.81) *** (—0.86) (1.63) * (=1.90) *
RMSE = 0.274 x2 =93.01
1= 0.0005+ 0.0082y
(0.22) (3.01) ***
RMSE = 0.008 x2=9.06
Accounting identity y = pro+1

Model (5): With Latin American Countries Dummy

pro = —0.1814 + 0.31211 4 0.0560( & ) + 0.2334pat
(—1.98) ** (1.05) (1.82) * (2.86) ***
RMSE = 0.013 2 = 69.85
pat = —0.3971 + 0.0990ter + 0.0172ieq — 0.0086ieq-dum;q; + 0.0920G1991
(—1.49) (2.87) *** (0.38) (—1.78) * (5.01) ***
RMSE = 0.050 x? = 33.85
() = 35074 + 0.1495y — 0.0471r - 0.1282ieq — 0.0257ieq-durm;y;
(8.74) *** (3.39) *** (~1.07) (~1.08) (—1.39)
RMSE = 0.122  x2 = 20.29
ter = 19039 + 0.7876sec — 0.4564ieq + 0.0615ieq-dunty, — 0.2697G1991
(0.97) (2.59) *** (~1.58) (1.50) (—3.08) **
RMSE = 0.273 x? =90.49
I=0.0002 + 0.0080y
(0.07) (2.95) ***
RMSE = 0.008 2 =8.69
Accounting identity y = pro +1
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