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Abstract

The existing literature on the short- and long-run impacts of economic growth on
income inequality indicates that positive and negative output shocks have worsened
the income distribution in the United States. In this paper, we report our empiri-
cal examination of the opposite; that is, the impact of positive and negative income
inequality shocks on the real output levels. Using the same time-series data, over the
period 1917-2012, in a more comprehensive manner, by employing six measures
of income distribution, we examined the impact of an increase/decrease in income
inequality on economic growth, using the NARDL approach. The results provide
evidence in support of a long-run asymmetric impact between income inequality
and the real output levels, since the long-run coefficients of positive changes have
positive signs, while the signs of those of negative changes are negative, indicating
that a decrease or an increase in income inequality improves the real output level in
the US.
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1 Introduction

The relationship between economic growth and income inequality has long been of
importance in the field of economics. A substantial number of studies have
asserted that income inequality has positive impacts on economic growth (see
Benabou 2000; Deininger and Olinto 2000; Chen 2003; Nahum 2005; Voitcho-
vsky 2005; Lopez 2006; Frank 2009; Shin 2012; Chan et al. 2014; Wahiba and EI
Weriemmi 2014; Henderson et al. 2015; Saari et al. 2015; Babu et al. 2016), while
some have found the opposite (see Alesina and Rodrick 1994; Perotti 1996; Lui
1997; Deininger and Squire 1998; Mo 2000, 2009; Panizza 2002; Knowles 2005;
Ostry et al. 2014; Wan et al. 2006; Sukiassyan 2007; Nissim 2007; Majum-dar and
Partridge 2009; Ogus Binatli 2012; Fang et al. 2015; Muinelo-Gallo and Roca-
Sagalés 2013; Rubin and Segal 2015). The theoretical reasoning for nega-tive and
positive relationships between income inequality and economic growth is as per the
following discussion.

The negative relationship between income inequality and economic growth can be
explained in terms of the theory of credit market imperfection. This theory,
according to Galor and Zeira (1993), Piketty (1997) and Aghion et al. (1999)
states that an inverse relationship exists between income inequality and economic
growth as a result of the inadequate funds of low-income households available for
investment. It is argued that low-income households have insufficient and limited
access to investment funds, owing to the existence of imperfections in the credit
market. This, in one way or another, makes it difficult for these households to
invest their available resources. Thus, investments are feasible only for the few
rich with a high incomes, and consequently, there is a decline in the marginal pro-
ductivity of capital and lagging economic growth.

In addition, Bertola (1993), Perotti (1993), Alesina and Rodrick (1994), Pers-
son and Tabellini (1994), and Benabou (1996), using a more extensive political
economy ideology, have argued that economic inequality would probably lead to
distorted redistribution policies, a situation that could reduce labor incentives and
retard economic growth. Even if veritable redistribution policies are not executed,
persuasion to obstruct their establishment and successive political misrepresen-
tation could impede economic growth, by squandering economic resources that
would otherwise have been used to further enhance production activities in the
economy. Similarly, Gupta (1990), Alesina and Perotti (1996), Benhabib and Rus-
tichini (1996), in their socio-political instability views, are of the opinion that an
increase in income inequality could raise the possibility of poor masses engaging in
highly damaging activities such as rioting, revolution and crime and the likes
while the resulting economic and/or political instability and skepticism in the
whole economic system could lead to a decrease in investment stimuli, thereby
impeding economic growth in the long run.

On the positive relationship between income inequality and economic growth, it
has been argued that income inequality could increase in the early stages of
economic development (Mercan and Azer 2013). According to Galor and Tsid-
don (1997a), this is only feasible when a native environmental externality is the



dominant factor in human capital accumulation before the dominance of the
general technological externality in the distribution of human capital (Hsing
2004; Hayakawa and Venieris 2018). In periods characterized by significant tech-
nological advancements, a reduction in the relative significance of initial condi-
tions enhances inequality. At the same time, an accumulation of skilled and highly
capable individuals in technologically advanced sectors could enhance economic
growth (Galor and Tsiddon 1997b). Forbes (2000), on the other hand, argues that
a positive relationship between income inequality and economic growth could be
feasible in the short and medium-term. He posits that the relationship between
income inequality and economic growth could possibly be negative in the long
run and positively significant in the short run. This finding is in line with Li and
Zou’s (1998) study, which used a fixed-effect model in a cross-country panel
analysis. Despite the extensive existing literature on income inequality and eco-
nomic growth, there remains considerable disagreement on the effect of income
inequality on economic growth.

Inferring from the above, it would be theoretically correct to assume that an
increase' in the level of income inequality will have a different effect on economic
growth than a decrease in income inequality. Following the relationship between
the variables, an increase in income inequality (a negative shock) indicates bad
news, while a decrease in income inequality (a positive shock) signifies good news
for the level of real output. For instance, a decrease in the level of income inequal-
ity, through a tax reduction would have a positive shock on economic growth. It
was argued that progressive taxation with negative net tax rates for the low-income
earner are meant to result in the lowest level of consumption and also to reduce
income inequality among various groups. According to Biswas et al. (2017), taxa-
tion at various levels of the income distribution has heterogeneous effects on indi-
viduals and members of households’ motivation to work, invest, and consume.
However, reducing income inequality, through poverty alleviation programs and
schemes, between low- and median-income individuals and families stimulates
small and medium business growth, the supply of female labor and consumption
expenditure, and hence, results in economic growth. On the other hand, reducing
income inequality between median and high-income families suppresses economic
growth, through inhibiting the creation of jobs, the growth of small businesses and
the supply of female labor. These asymmetric economic growth effects are associ-
ated with both demand- and supply-side factors, that is, changes in labor supply and
small-scale business activity (Biswas et al. 2017). For example, overall US trends
in income inequality were examined in the study of Piketty and Saez (2003, 2006),
where they constructed several time-series measures of the percentage of the top US
incomes for the period between 1913 and 1998. They found that income inequal-
ity in the US has shown a definite U-shaped (negative and positive) pattern. At the
wake of this century, income inequality decreased considerably, especially during
World War II and the Great Depression.

! Negative income inequality in this study refers to a decrease in the level of income inequality, which is
expected to have a positive (impact) shock on the real output, or income level, and vice versa.
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As discussed earlier, an increase in the level of income inequality is conducive
to adopting distortionary redistributive and economic growth retarding policies,
which slow down the growth process (see Persson and Tabellini 1994; Alesina
and Rodrick 1994; Benhabib and Rustichini 1996). In addition, due to financial
market imperfections, an increase in the level of income inequality would over-
emphasize the negative impacts of credit constraints on small business growth
and human capital accumulation, thus reducing economic growth (Galor and
Zeira 1993; Galor and Moav 2004). Moreover, an increase in income inequality
might increase economic growth. According to Guvenen et al. (2013), a rise in
inequality creates the motivation to work harder, invest more, and assume risks in
order to enjoy higher rates of returns. This can also stimulate gross savings and,
thus, capital accumulation, since the few rich have a lower marginal propensity
to consume (Biswas et al. 2017). Our empirical results show that increasing and
decreasing income inequality do have asymmetric impacts on economic growth.

Several authors have investigated the impact of income inequality on economic
growth, and vice versa, using time-series econometric models. While some have
employed panel-data-based approaches, others have focused solely on the United
States, due to the availability of long-span time-series data. At the cross-country
level, one could mention Forbes (2000), who investigated the hypothesis for a panel
of 45 countries and concluded that both in the short and medium run, a rise in a
country’s level of income inequality has a positive significant relationship with eco-
nomic growth. This result is in line with the work of Li and Zou (1998), which con-
cluded that income inequality is not harmful to economic growth. The opposite was
the case with Alesina and Rodrick (1994), Persson and Tabellini (1994) and Baner-
jee and Duflo (2003), with the latter using non-parametric approaches. These studies
revealed that the rate of economic growth is an inverted U-shaped function of the net
variations in income inequality. According to them, variations in the level of income
inequality, no matter the direction, are correlated with reducing economic growth.
The non-linearity approaches employed in their studies made their empirical find-
ings sufficient to highlight why previous studies on the existing relationship reported
between income inequality and economic growth demonstrate a lack of consensus.

Using time-series models to examine the relationship between the level of income
inequality and economic growth for the United States, Ram (1991) concluded that there
is an inverse relationship between income inequality and economic growth. This result
was confirmed by Hsing and Smyth (1994) and Jacobsen and Giles (1998). Meanwhile,
in a panel framework, the same modelling approach was employed by Frank (2009),
who constructed annual indicators of income inequality over the period 1945-2004
for individual states in the US. Using a panel autoregressive distributed lag (ARDL)
model, he concluded that in the long-run, income inequality has contributed positively
to economic growth. A recent study by Bahmani-Oskooee and Motavallizadeh-Arda-
kani (2018) on the impact of growth on inequality, using a nonlinear autoregressive
distributed lag (NARDL) model for each state in the US over the period of 1959-2013,
found that economic growth has impacted positively on income inequality, but within
20 states. It was found that economic growth has an asymmetric impact on income
inequality both in the short and long-run. These found that increases and decreases in
real output levels have worsened income inequality.
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Based on this premise, our study sought to examine the presence of the short-run
and long-run asymmetric effects of income inequality on real GDP per capita, i.e., the
impact of an increase or decrease in income inequality on the real output levels in the
US. This study used a larger sample size, over the period of 1917-2012 (96 years).
The sample size appears to be large enough to cover different economic growth/devel-
opment stages in the US; hence a reliable and robust time-series empirical outcome.
Additionally, unlike previous studies that used only the Gini coefficient as a measure of
income inequality in the US, our study employed six measures of income distribution,
namely the Atkinson index, the Gini coefficient, a relative mean deviation (Rmean-
dev), Theil’s entropy index, and the Top 10% and Top 1% income shares, respectively.
The choice of these income inequality indicators was supported by the importance of
examining the reliability of the income inequality proposition using different inequality
indicators. Using diverse indicators would allow a more meaningful empirical analysis
of the pathogenic impacts of inequalities in various intervals of the income scale (see
Wagstaff 2002; Weich et al. 2002). Third, unlike the studies of Bahmani-Oskooee and
Motavallizadeh-Ardakani (2018) examined the impact of growth on inequality in the
US, this study examines the opposite. We investigated the impact of inequality on the
growth of output, and the effects of negative inequality and positive inequality shocks
(increase and decrease of inequality) on the economic growth of the US.

The major objective of this study was to examine the short- and long-run (increase
and decrease) asymmetric effects of income inequality on real output levels over a long
time span in the United States. In order to achieve the research objective, we employed
a nonlinear ARDL model approach, developed recently by Shin et al. (2014a, b), which
is an asymmetric extension of the linear ARDL cointegration model proposed by Pesa-
ran et al. (2001), to capture the short- and long-run asymmetric behavior of the model.
We found that the long-run coefficients of positive changes have positive signs while
the signs of those of negative changes were negative, indicating that a decrease or an
increase in income inequality improves the real output levels in the US.

The remaining sections of this paper are as follows. Section two discusses, in
detail, the data and methodology employed in the study. In section three, we report
the empirical results and present a discussion on the findings, while the concluding
remarks to be found in section four.

2 Data and methodology
2.1 Data

In this study, real GDP per capita is a measure of economic growth over the period
1917 to 2012, measured at constant 2009 US dollar values. We proxied income
distribution for income inequality. The income distribution dataset for the income
inequality measures for Gini, Artkin05, RMeanDev and Theil was obtained
from the work of Frank (2009); the Top 1% and Top 10% are as collected for the
World Wealth and Income Database (WWID); while the data on real GDP per
capita was sourced from the Global Financial Database (GFD).



2.2 Methodology

In order to examine the asymmetric impacts, that is, the short-run and long-run
impacts of decreases and/or increases in income inequality on the real output levels
in the case of the United States, we made use of NARDL approach as our econo-
metric tool. The NARDL approach recently developed by Shin et al. (2014a, b) was
used in this study to examine the presence of the short-run and long-run asymmet-
ric effects of inequality on real GDP per capita. To measure income inequality, six
measures of income distribution were used: the Atkinson Index, the Gini coefficient,
the Relative Mean Deviation, Theil’s Entropy Index, the Top 10% income share and
the Top 1% income share.

The ARDL cointegration model developed by Pesaran et al. (2001), to allow
for short- and long-run asymmetric behavior in the adjustment process. To cap-
ture this asymmetric behavior, both in the short and long run, the authors split the
explanatory variables into their positive and negative partial sums, as follows:
x, = x, +x +x7. Here, the two components x; and x, are, respectively, positive
and negative partial sum decompositions of x,, such that

t

t t t
xF =) Axf =) max(Ax,0) and x7 = ) Ax; = ) min(Ax;0).
i=1

i=1 i=1 i=1

This approach of partial sum decomposition was initially used by Granger and
Yoon (2002) in advancing the concept of hidden cointegration, and by Schorderet
(2001) in the context of the nonlinear relationship between unemployment and out-
put. The usefulness of this decomposition is that positive and negative partial sums
reflect, respectively, the increase and decrease of the explanatory variable.

To achieve this end, we used the following NARDL (p, g) model:

P q
Zf:2¢jzl—j+2<9+ + +€ Xt I)+Mt’ (1)
J=1 J=0

where x, = x, +x7 + x7 is a k X 1 vector of exogenous regressors entering the model
asymmetrically via the partial sums x' and x7, as defined above. 0+ and 9 are the
asymmetric distributed lag parameter, ¢; are the autoregressive parameter pand ¢
represent the respective lag orders for the dependent variable z, and the exogenous
variables x, in the distributed lag component, and ¢, is i.i.d. the zero mean random
variable with finite variance o-f.

Following Pesaran et al. (2001), we rewrote Eq. (1) in error correction terms as:

Az, = pz,_, + +0% x + +9 xt1+2d)zt_j+2((0 Axtj+§0 Axlj>+/4t

p—1 g-1
= Az; = p7m,_ 1+Z¢)Az,_J+Z<(p Axl]+q) Ax .)+/4,,
j=1 Jj=0
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where, p= ZJ. (b 0 zj 007 oF ; 0;’, @, =0, @5 =06y, while

@; = 2—/+1 : and = 2_/+1 ; for j=1,...,g-1,  and
T, =2,— p* xt X - ﬁ"xt is the nonlinear error correction model (ECM) term;
= % and p+ = _TW are the associated asymmetric long-term parameters.

In order to deal with the possibility of a non-zero contemporaneous correlation
among the residuals and regressors in Eq. (2), we took into consideration the reduced-
form data generating process for Ax,, given that our focus was on conditional nonlinear
ARDL modeling; consequently, we derived the following conditional NARDL ECM:

-1 q-1
Ag=prog+ Y iha+ Y (’1/+ Axl+ 45 Axt_—j) tH 3)
=1 =0

If the coefficients associated with the partial sum variables in the short run, the long
run, or both, differ significantly, an asymmetric impact on the dependent variable can
be established. In addition, we could compute the asymmetrlc positive and negative
long-run coefficients, respectively, as follows: Ly« = % and Ly- = %.

The statistical significance of these coefficients provides insights into the long-term
relationships between the dependent variable and the respective independent variables.
A positive sign for these coefficients indicates that positive or negative shocks in the
exogenous variables have positive or negative long-run effects, respectively, on the
dependent variable, while a negative sign implies the opposite effect.

In addition, the short-run symmetry restriction can be tested by using a standard

Wald test (WSR) for the null hypothesis: 125 ! =30 01 A7 or
/l;r = A7 forall i =0,...,q — 1. When imposing such restrlctlons in the presence of an

asymmetric long-term relationship, we obtain:
Azy=pz + 0% +O07X + Y hiAz + ) AAY + uy @)

Similarly, the long-run symmetry is also tested through a Wald test (WLR) for
the null hypothesis: H,, : L. = L,-. In the case where both null hypotheses are not
rejected, the NARDL model is reduced to the traditional linear ARDL, meaning that
no asymmetry is present between the two variables.

The NARDL model offers many benefits over the traditional methods for investi-
gating the cointegration relationship, such as those described in Engle and Granger
(1987), Johansen and Juselius (1990), and others. One of such benefit is that it can
test for long- and short-run asymmetries between the independent and dependent
variables. Also, it has the ability to combine /(0) and /(1) regressors and capture the
hidden cointegration, which is not possible using the standard methods.? In addition,
it performs better in testing for cointegration relationships in small samples, com-
pared with alternative cointegration procedures (Romilly et al. 2001).

2 According to Granger and Yoon (2002), two times series are hidden-cointegrated if their positive and

negative components are cointegrated with each other.
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In practice, the pattern of dynamic adjustment is based on the specified
model. There are four distinct cases in Egs. (5)-(8); the three restricted
specifications by imposing short-run and long-run symmetry restrictions in
Egs. (5)-(7), either jointly or separately, and the unrestricted specification by
incorporating asymmetries in both the short-run and long-run. For the purpose
of our analysis, we used the NARDL model to investigate the possible
existence of both long- and short-run asymmetries in the response of real GDP
per capita to increases/decreases in ine-quality measures. We considered the
following four regressions of the NARDL-based error correction model presented
above; however emphasis was placed on the unrestricted specification (Eq. 8).

p—1 g—1
SS:AGDP, = ¢ + pGDP,_, + 0lneq,_; + ) v;,AGDP,_; + ) ¢.Alneq, . +&,,
i=1 =0

)
p—1
AS:AGDP, = c + pGDP,_, + Olneq,_, + ) v,AGDP,_,
i=1
< ©)
+ Z ((p;rAIneq:r_j + (pj_AIneq[__]) +¢g,
j=0
p-1 gq-1
SA:AGDP, = c+ pGDP,_, + 0+Ineqt+_1 + 07 Ineq,_, + 2 7,AGDP,_; + 2 (ijlneqH. +¢g
i=1 Jj=0
)
p—-1
AA:AGDP, = ¢+ pGDP,_; + 0" Ineq | + 0 Ineq, | + Z ¥,AGDP,_,
i=1
(i . _ _ ®)
+ ZO ((pj Alneqt_j +@; Alneqt_j) +¢,
j:

where GDP is the real gross domestic product per capita, while Ineq is the inequal-
ity measure. Note that all variables are taken in the natural logarithm. Since the data
are on an annual basis, the maximum order of the lags in the NARDL model was
chosen to be 3.

3 Empirical results

We first subjected each time series to the augmented Dickey and Fuller (1981) and
Phillips and Perron (1988) unit root tests. The results for these tests are given in
Table 1. Clearly, both the ADF and PP unit root tests showed that all variables are
stationary at first difference and there is no /(2) variable.

The methodology adopted in this paper is as follows: Egs. (5)—(8), presented
above, are estimated by Ordinary Least Squares (OLS) for all considered inequality
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Table 1 Augmented Dickey—Fuller (ADF) and Phillips—Perron (PP) unit root tests results

Variables Exogenous ADF PP
stat. pval.  stat. pval.
Level
RGDPpc ot -3.649 0.031 -2.665 0.253
Atkin05 ot —-2.037 0.574 -2.795 0.203
Gini ot -2578 0291 -—-2.787 0.206
Rmeandev ot —-2.300 0430 -3.183 0.094
Theil ot —1.453 0.839 -2.098 0.540
Top10% ot -0.794 0.962 —-0.788 0.963
Topl% ot —-1.162 0912 -1.022 0.935
First-difference
ARGDPpc -6.655 0.000 -6.773 0.000

C
AAtkin05 Cc —5.550 0.000 -8.781 0.000
AGini Cc -5.374 0.000 -9.630 0.000
ARmeandev C —-5.949 0.000 -9.165 0.000
ATheil c —8392 0.000 -8.381 0.000
ATopl0% Cc —8.788 0.000 -—8.747 0.000
ATopl% c —-9.748 0.000 —9.809 0.000

measures. For each equation, following Shin et al. (2014a, b), we started with a
maximum lag order, p... = Q.. = 3, and then dropped all insignificant
stationary regressors sequentially.

The results for the estimation are given in Tables 2, 3, 4, 5. Table 2 shows the
estimation results for the symmetric ARDL regression (SS). In this model, both the
long-run and short-run relationships between GDP per capita and inequality meas-
ures are assumed to be symmetric. The estimated long-run coefficients ( Ly ) are not
significant for all considered inequality measures. Table 3 indicates that similar
results are also obtained when allowing only the short-run relationships to be asym-
metric (regression AS). However, assuming that there are asymmetric long-run rela-
tionships, the estimation results for Egs. (3) and (4) in Tables 4 and 5, respectively,
provide evidence of statistically significant asymmetric long-run coefficients in some
cases. For both equations, the long-run coefficients of positive changes ( Ly. ) are
statistically significant at the conventional 5% level for atkin05, Theil and top 10%,
while those of negative changes ( Ly-) are statistically significant for Theil, top 10%
and top 1%, except for the Theil in Eq. (4). For the Gini and Rmeandev inequal-ity
measures, the long-run coefficients of both positive and negatives changes are
insignificant at the conventional 5% level. Note that the long-run coefficients of pos-
itive changes have positive signs, while the signs of those of negative changes are
negative. This indicates that inequality shocks, whether positive or negative, have a
positive long-run effect on GDP. Our finding is consistent with the work of Frank
(2009); that is that income inequality interacts positively with the real output levels.

Further, we employed the Wald tests to check the suitability of a nonlinear model
and to examine the long- and short-run asymmetries. More interestingly, from the
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Table2 NARDL model estimation short- and long-run symmetry (SS)

Variable Atkin05 Gini Rmeandev Theil Top10% Topl%

Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E.
C 0.011 0.108 —0.054 0.125 0.017 0.102 0.058 0.078 0.110 0.085 0.085 0.085
N —0.002 0.008 0.003 0.010 —0.001 0.009 —0.005 0.008 —0.009 0.008 —0.009 0.008
X -0.018 0.024 —0.064 0.050 —0.029 0.041 —0.008 0.014 0.015 0.036 —0.007 0.018
Ay, 0.463*** 0.088 0.394%** 0.093 0.416%** 0.089 0.479%** 0.087 0.396%**  0.096 0.394***  0.096
Ay
Ay,_3 —0.184#* 0.082 —0.212%* 0.084 —0.182%%* 0.085 —0.178** 0.081
Ax, 0.211%** 0.066 0.209%* 0.101 0.182%** 0.050
Ax,_; 0.381%*** 0.134
Ax_, —0.223 %% 0.066 —0.494#%% 0.130 —0.359%*%* 0.099 —0.159%** 0.051
Ax_;
Ly —-7.310 32.417 23.213 73.070 —25.413 234.352 —1.626 4.264 1.709 4.499 —0.806 2.147
Test stat. pval. stat. pval. stat. pval. stat. pval. stat. pval. stat. pval.
R-Bar 0.356 0.340 0.323 0.355 0.142 0.142
SC(3) 6.725 0.081 1.717 0.633 3.463 0.326 5.603 0.133 0.105 0.991 0.177 0.981
RRT 0.860 0.354 0.065 0.798 0.116 0.733 1.092 0.296 3.010 0.083 3.136 0.077
JB 38.566 0.000 50.297 0.000 40.302 0.000 28918 0.000 20.453 0.000 18.580 0.000
HT 1.263 0.261 0.284 0.594 0.702 0.402 0.822 0.365 0.358 0.550 0.186 0.666

y. and X, are the GDP and inequality measures, respectively, taken in natural logarithms at year t. Ly is the symmetric long-run coefficient. R-Bar denotes the adjusted
R-square. SC(k) refers to the Godfrey (1978) test for kth order serial correlation. RRT denotes the Ramsey (1969) RESET test of functional form. JB denotes the Jarque
and Bera (1980) test statistic for normality. HT is the LM test for heteroscedasticity. ***, ** and * represent significance at the 1, 5 and 10 percent levels respectively
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Table 3 NARDL model estimation short-run asymmetry and long run symmetry (AS)

Variable Atkin05 Gini Rmeandev Theil Top10% Topl1%
Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E.

C 0.326%* 0.134 0.413%%* 0.158 0.033 0.110 0.263%*** 0.089 0.185%%* 0.084 0.159%* 0.084
Yio1 —0.027%** 0.010 —0.036%** 0.013 —0.003 0.010 —0.022%** 0.008 —0.013* 0.008 —0.009 0.008
Xi_1 0.019 0.026 0.045 0.054 —0.045 0.040 0.018 0.016 0.027 0.035 0.018 0.019
Ay, 0.448%%* 0.088 0.413%%* 0.093 0.372%%% 0.089 0.455%%* 0.085 0.404%%* 0.092 0.426%** 0.095
Ay, - - - - - - - - - - - -
Ay,_5 - - - - —0.190%* 0.088 —0.195%* 0.081 - - - -
Ax;t - - - - 0.353%* 0.161 - - - - - -
Axt, - - - - - - - - - - - -
Axt, —0.435%%* 0.119 —0.873%%* 0.237 —0.549%%* 0.161 —0.346%** 0.094 - - —0.312%* 0.121
Ax - - - - - - - - —0.740%** 0.259 - -
Ax; 0.386%** 0.119 0.5597% 0.238 - - 0.301%%* 0.087 - - 0.213%* 0.095
AX - - 0.419%* 0.205 - - - - - - - -
Ax_, - - - - - - - - - - 0.210%* 0.103
Ax{ 5 - - - - - - - - 0.555%%* 0.218 - -

Ly 0.717 0.821 1.270 1.222 —15.245 62.022 0.827 0.623 2.100 2.953 2.051 2.844
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Table 3 (continued)

Test stat. pval. stat. pval. stat. pval. stat. pval. stat. pval. stat. pval.
WSR, 23.805 0.000 23.221 0.000 0.723 0.398 26.155 0.000 10.406 0.002 11.185 0.001
R-Bar 0.336 0.316 0.315 0.360 0.217 0.222

SC(3) 2.169 0.538 2.268 0.519 1.407 0.704 8.433 0.038 0.628 0.890 1.647 0.649
RRT 2.774 0.096 0.485 0.486 1.550 0.213 1.241 0.265 1.743 0.187 3.026 0.082
JB 18.241 0.000 8.555 0.014 7.613 0.022 10.571 0.005 34.725 0.000 15.087 0.001
HT 0.055 0.814 0.007 0.935 2.081 0.149 0.152 0.696 0.356 0.551 0.102 0.750

y.and X are the GDP and the inequality measure, respectively, taken in natur al logarit hms at year t. Ly is the symmetric long-run coefficients. WSR, denotes the Wald test
of the additive short-run symmetry by testing the null hypothesis: H;, : Z _01 (p Zq_o 1<p R-Bar denotes the adjusted R-square. SC(k) refers to the Godfrey (1978) test
for kth order serial correlation. RRT denotes the Ramsey (1969) RESET test of funct 10nal form. JB denotes the Jarque and Bera (1980) test statistic for normality. HT is
the LM test for heteroscedasticity. ***, ** and * represent significance at the 1, 5 and 10 percent levels respectively
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Table4 NARDL model estimation short-run symmetry and long-run asymmetry (SA)

Variable Atkin05 Gini Rmeandev Theil Top10% Topl%

Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E. Coeff. S.E.
C 0.576%* 0.245 0.415* 0.235 0.354 0.259 0.6237%:#% 0.223 1.0007%#* 0.355 1.221 %% 0.359
Yio1 —0.069%* 0.030 —0.050% 0.029 —0.041 0.031 —0.075%%* 0.027 —0.116%** 0.042 —0.141%#%* 0.042
Xty 0.056 0.038 0.055 0.073 0.062 0.073 0.031 0.019 0.124%* 0.054 0.008 0.018
X1 -0.018 0.024 —0.060 0.050 0.000 0.043 —0.030%* 0.017 —-0.070 0.047 —0.088%* 0.029
Ay, 0.474%%% 0.088 0.41 1%k 0.091 0.443%4:% 0.092 0.466%** 0.086 0.453 %% 0.095 0.45] %k 0.094
Ay,
Ay,_;3 —0.188%* 0.083
AX, 0.2727%s#% 0.073 0.353%#* 0.145 0.240%* 0.110 0.2287%#% 0.052
Ax_, 0.3277% 0.133 0.1245%: 0.056
Ax_, —0.191%%* 0.068 —0.410%%* 0.131 —0.377%%* 0.100 —0.108%* 0.054
AX(_3
Ly, 0.805°%* 0.312 1.088 0.974 1.504 0.917 0.409%* 0.179 1.065%#* 0.308 0.057 0.124
Ly_ -0.264 0.365 —1.203 1.254 —0.005 1.045 —0.400%* 0.201 —0.600%* 0.306 —0.625%%* 0.124
Test stat. pval. stat. pval. stat. pval. stat. pval. stat. pval. stat. pval.
WLR, 64.27 0.000 25.70 0.000 17.26 0.000 90.53 0.000 189.27 0.000 291.33 0.000
R-Bar 0.357 0.376 0.299 0.370 0.195 0.239
SC(3) 4.161 0.245 1.713 0.634 2.283 0.516 3.106 0.376 8.859 0.031 0911 0.823
RRT 0.049 0.825 0.139 0.709 0.002 0.964 0.394 0.530 2.093 0.148 0.045 0.831
JB 46.798 0.000 31.861 0.000 60.446 0.000 30.011 0.000 28.375 0.000 25.194 0.000
HT 0.004 0.953 0.231 0.631 0.144 0.704 0.298 0.585 0.629 0.428 0.003 0.955

ytand xt are the GDP and the inequality measure, respectively, taken in natural logarithms at year t. L*+ and L*- are the asymmetric positive and negative long-run coef-
ficients. WLR, denotes the Wald test for long-run symmetry by testing the null hypothesis H;, : L .= L,- . R-Bar denotes the adjusted R-square. SC(k) refers to the Godfrey

(1978) test for kth order serial correlation. RRT denotes the Ramsey (1969) RESET test of functional form. JB denotes the Jarque and Bera (1980) test statistic for normal-
ity. HT is the LM test for heteroscedasticity. ***, ** and * represent significance at the 1, 5 and 10 percent levels respectively
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Table 5 NARDL model estimation short-run and long run asymmetry (AA)

Variable Atkin05 Gini Rmeandev Theil Topl0% Topl%

Coeff. S.E. Coeff. S.EE. Coeff. S.E. Coeft. S.E. Coeft. S.E. Coeft. S.E.
C 0.613%* 0.239 0.406* 0.225 0.230 0.255 0.606%** 0.212 1.041%** 0.343 1.061%*** 0.365
N —0.066** 0.029 —0.053* 0.028 —0.026 0.031 —0.069%** 0.026 —0.120%%%* 0.041 —0.120%%%* 0.043
X, 0.059 0.038 0.044 0.071 0.005 0.073 0.034* 0.020 0.115%* 0.052 0.024 0.019
X 0.014 0.027 -0.113% 0.059 —0.036 0.042 —0.016 0.020 —0.080 0.049 —0.059* 0.031
Ay, 0.455%** 0.087 0.389%** 0.091 0.384%** 0.090 0.470%** 0.083 0.503*** 0.094 0.450%** 0.095
Ay - - - - - - - - - - - -
Ay,_; - - —0.255%%%* 0.088 —0.185%* 0.088 —0.163%* 0.081 - - - -
Axf - - 0.725%%* 0.246 0.419%* 0.181 0.215%* 0.097 - - - -
AxY, - - 0.614%%* 0.256 - - - - 0.500%* 0.247 - -
Ax, —0.392°%%* 0.122 —0.573%%* 0.248 —0.532%%% 0.162 —0.269%#* 0.096 - - —0.259%%* 0.121
Ax - - - - - - - - —0.539%%* 0.258 - -
Ax; 0.427%** 0.122 - - - - 0.230%** 0.097 - - - -
Ax - - - - - - - - - - - -
AX, - - - - - - - - - - 0.207** 0.102
AX 3 - - - - - - - - 0.493** 0.210 - -
Ly, 0.895%** 0.326 0.822 0.993 0.173 2.621 0.489%* 0.208 0.957%** 0.297 0.199 0.150
Ly_ 0.211 0.403 —2.106 1.532 —1.385 2.731 -0.227 0.266 —0.669%* 0.301 —0.4907%#* 0.153
Test stat. pval. stat. pval. stat. pval. stat. pval. stat. pval. stat. pval.
WLR, 9.809 0.002 18.428 0.000 5.946 0.017 35.755 0.000 184.37 0.000 220.68 0.000
WSR, 23.968 0.000 2.517 0.116 0.203 0.654 2.075 0.153 1.133 0.290 6.021 0.016
R-Bar 0.344 0.349 0.312 0.399 0.279 0.240
SC(3) 1.203 0.752 0.976 0.807 1.168 0.761 4.299 0.231 1.117 0.773 1.395 0.707
RRT 2.168 0.141 0.004 0.950 0.990 0.320 0.107 0.744 1.314 0.252 3.095 0.079
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Table 5 (continued)

Test stat. pval. stat. pval. stat. pval. stat. pval. stat. pval. stat. pval.
JB 24.699 0.000 8.405 0.015 8.135 0.017 5.705 0.058 17.225 0.000 18.775 0.000
HT 0.002 0.960 1.964 0.161 1.547 0.214 0.264 0.607 1.079 0.299 0.194 0.660

y, and x, are the GDP and the inequality measure, respectively, taken in natural logarithms at year t. L . and L, are the asymmetric positive and negative long-run coef-
ficients. WLR, denotes the Wald test for long run symrnetry, by testing the null hypothesis H,, : L. = L. WSR, denotes the Wald test of additive short-run symmetry, by
testing the null hypothesis: H,, : Zq: oF Z‘CO @, . R-Bar denotes the adjusted R-square. SC(k) refers to the Godfrey (1978) test for kth order serial correlation. RRT
denotes the Ramsey (1969) RESET test of functlonal form. JB denotes the Jarque and Bera (1980) test statistic for normality. HT is the LM test for heteroscedasticity. **%*,
** and * represent significance at the 1, 5 and 10 percent levels respectively

15



results in Tables 4 and 5, the Wald tests (WLR,) indicate a clear rejection, at the
level of 5%, of the null hypothesis of long-run symmetry in all cases, showing a
strong nonlinear long-run relationship between income inequality and output. With
regard to the analysis of short-run dynamic asymmetry, we found that for Eq. (2),
the Wald test (WSR,) rejects the null hypothesis of short-run symmetry for all cases,
except for when Rmeandev is considered as an explanatory variable (see Table 3).
However, when we also allow for long-run asymmetry—Eq. (4)—the Wald test
rejects the null hypothesis of short-run symmetry only for Atkin05 and Top1%.

In addition, we carried out various diagnostic test statistics to confirm the robust-
ness of the model. In Tables 2, 3, 4 and 5, we report the SC(k), which is the God-
frey (1978) test for kth order of serial correlation; the RRT, which depicts Ramsey’s
(1969) RESET test statistic for checking the model’s specification and functional
form; the Jarque-Bera (1980) test statistic, for normality; and the LMtest statistic,
for heteroscedasticity. These statistics are Chi square distributed. The insignificant
coefficients of these diagnostic tests, except for the normality test, confirm that the
model is a correctly specified nonlinear model, auto-correlation and heteroscedastic-
ity free. Lastly, the size of the coefficient of determination is reported to judge the
model’s goodness of fit.

Next, we move to the dynamic multipliers,> which indicate the patterns of
dynamic asymmetric adjustment of the real output levels from its initial long-run
equilibrium to a new long-run equilibrium in the long-run, after a positive or neg-
ative unit shock affecting a particular level of income inequality/distribution. The
predicted dynamic multipliers for the nonlinear adjustment of the real output levels
relative to the shock in different measures of income inequality are shown in Fig. 1.
These dynamic multipliers are conducted based on the four best-fitting nonlinear
ARDL discussed earlier. In these tables, the blue dashed line and the green line
curves display the asymmetric adjustment to negative and positive shocks, respec-
tively, at a specific forecast horizon. In addition, the red dashed (asymmetry curve)
depicts the linear combination of the dynamic multipliers relative to negative and
positive shocks; it is plotted simultaneously with its lower and upper bands (dotted
black lines) at a 95% bootstrap confidence interval level.

Generally, the pattern of the dynamic multipliers varies when short- or long-run
asymmetry or both are incorporated in the model. Considering the best-fitting model
for the inequality-output scenario, i.e., model long-run symmetry (AA) and short-
run asymmetry (SA), the long-run adjustment path displays a stronger reaction of
the real output levels to a unitary increase or decrease in income distribution. The
cumulative income inequality responses are significantly positive or negative. The
new long-run equilibrium state between the income inequality and real output levels
is reached after 2 years. The asymmetric income inequality pass-through is, how-
ever, persistent over time and takes a considerable period of time to converge with
the long-run multipliers.

3 The cumulative dynamic multiplier effects of a unit change in x"and x7 on y, 4+ » respectively, can be

. oo+ xh Dy —_ Nyt Ve g - 4
computed as follows: m; = Z_/’:O P and m; = Ej:() P ,h=0,1,2.... Note that as i1 — co,m} — Ly.
and m, — Ly, where Ly. and Ly- are the long-run coefficients of positive and negative changes, respec-

tively.
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Fig. 1 US income inequality-output dynamic multipliers. (AA) LR and SR asymmetry. (AS) LR symme-
try and SR asymmetry. (SA) LR asymmetry and SR symmetry. (SS) LR and SR symmetry (color figure

online)
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In the short-run, the dynamic multipliers’ patterns when both the short- and long-
run asymmetries are considered (AA) show that an income inequality positive shock
has a greater positive effect on GDP than a negative shock for the Gini, Rmeandev
and Top10%. For the Theil inequality measure, a positive shock has a smaller posi-
tive impact on GDP compared with the negative impact of a negative shock. When
considering the Top1% indicator as a measure of inequality, it seems that a positive
shock has a greater negative effect on GDP than a negative shock, while the oppo-
site is observed for the Atkin0O5 indicator. Turning now to the long-run patterns of
dynamic multipliers for the (AA) regression, a negative shock to inequality has a
greater positive impact on GDP than a positive shock for the Gini and Top1% indi-
cators, while the opposite occurs for the Theil and Topl0%. For the Atkin0O5 ine-
quality indicator, a negative shock impacts negatively on the long-run GDP, while a
positive shock has a less important positive effect. Finally, the dynamic multipliers
for the Rmeandeyv, in the long-run, show a negative response for GDP to a positive
shock, while a negative shock has a greater positive effect.

With regard to the (SA) regression, i.e., when only the long-run asymmetry is
incorporated in the model, the dynamic multiplier graphs show that both positive
and negative shocks for inequality have positive effects on long-run real output for
all cases. It is also worth noting that the effects are quantitatively larger for a positive
than negative shock for all considered inequality measures, except for the Top1%.

3.1 Empirical discussion and policy implication

An increase in income inequality (a negative shocks) indicates bad news and
hence, a negative impact while a decrease in income inequality (a positive shocks)
signifies good news and, hence, a positive impact for real output. For an instance,
a decrease in the income inequality level, due to a tax reduction, would have a
positive shock (positive impact) on economic growth. Progressive taxation with
negative net tax rates for the low-income earner is meant to enable the lowest
level of consumption and also to reduce income inequality among various groups.
Taxation at various levels of the income distribution has heterogeneous effects on
individuals and/or household members’ motivation to work, invest, and consume.
In addition, as discussed earlier, reducing income inequality, through poverty
alleviation programs and schemes, between low- and median-income individuals
and families stimulates small and medium business growth, the female labor sup-
ply and consumption expenditure, and hence, has a positive impact on economic
growth. Conversely, a reduction in income inequality between median- and high-
income families reduces economic growth through reducing job creation, small
business growth and the female labor supply. These asymmetric economic growth
effects are associated with both demand- and supply-side factors, that is, changes
in the supply of labor and small-scale business activity (Biswas et al. 2017).

On the other hand, an increase in the income inequality level is conducive to
the adoption of distortionary redistributive and economic-growth-retarding poli-
cies, which slow down (negative shocks) the growth process (see Persson and
Tabellini 1994; Alesina and Rodrick 1994; Benhabib and Rustichini 1996). In
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addition, due to financial market imperfections, an increase in the income ine-
quality level would overemphasize the negative impacts of credit constraints on
small business growth and human capital accumulation, thus reducing economic
growth (Galor and Zeira 1993; Chen and Fleisher 1996; Galor and Moav 2004).
Moreover, an increase in income inequality might increase economic growth.
According to Guvenen et al. (2013), a rise in inequality creates the motivation to
work better, invest more, and assume risks, in order to enjoy higher rates of return
and, hence, an increase in economic growth. This can also stimulate gross savings
and, thus, capital accumulation, since the few rich have a lower marginal propen-
sity to consume (Biswas et al. 2017).

Furthermore, an increase in income inequality has been argued to stimulate
distorted redistribution policies, a situation that could reduce the labor incentive,
or human capital, and hence, would result in a reduction in economic growth. As
our empirical results have suggested, this may not be true in the United States,
where production activities are highly capital intensive. A reduction in human
capital as a result of little or no education due to high income inequality, could
positively improve economic growth. For an example, the introduction of robotic
machines due to the level of technological advancement in manufacturing com-
panies across the United States would rather increase production activities; hence
an increase in real output. In a highly capital-intensive and industrialized nation
like the United States, an increase/decrease in the level of income inequality may
not necessarily mean a decrease/increase in output, but rather, an increase in eco-
nomic growth.

Lastly, based on our empirical findings, the asymmetric impact of income ine-
quality, whether an increase or a decrease, appears to improve the real output levels
in the United States. Thus, our finding is more or less consistent with the works
of Frank (2009) and Bahmani-Oskooee and Motavallizadeh-Ardakani (2018) for
the United States; that is, that economic growth has worsened the level income ine-
quality in the US. The implication of this finding is that if a decrease or increase
in income inequality improves the real output levels in the case of US, economic
growth may not necessarily be an alternative welfare policy for reducing the level of
inequality. Thus, policy makers should shift their attention from using an increase in
real per capita income or output levels as a measure welfare improvement, as it may
not necessarily indicate an increase in labor productivity or a reduction in the level
of income.

4 Concluding remarks

The study of the nonlinearity properties of time-series variables has recently
assumed a significant and notable role in empirical studies. This shows that
researchers have come to realize the importance of asymmetry behaviors inher-
ent in time-series data, particularly in social science research and in this present
complex modern economy. In this paper, we report our examination of the pres-
ence of short- and long-run asymmetric effects of inequality on real GDP per
capita, using time-series annual frequency data, for the period 1917-2012 for the
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United States. Unlike Frank’s (2009) panel model, Bahmani-Oskooee and
Mot-avallizadeh-Ardakani’s (2018) NARDL model, as well as previous
studies that examined whether economic growth has linear and nonlinear
asymmetric impacts on income inequality, our study substantiates and
confirms the causal relation-ship between income inequality and economic
growth. We investigated whether an increase or decrease in income inequality
has short-run and a long-run asym-metric effects on the real output levels.

In summary, the strengths of the nonlinear ARDL approach, as discussed pre-
viously, have been established in the case of the long- and short-run asymmet-
ric effects of the inequality-output relationship. Due to the different measures of
income distribution employed in this study (rather than using only the Gini coef-
ficient as a measure of income inequality), our empirical findings suggest that
assuming a long-run linear (symmetry) relationship where the primary relation-
ship is nonlinear (asymmetric) will counter efforts to examine for the presence of
a stable long-run relationship and lead to a pseudo-dynamic analysis. We found
that an income inequality shock, whether positive or negative, will have a positive
long-run impact on the real output levels, with the effects being quantitatively
larger for a positive than a negative shock. This is a novel contribution to the
inequality-output literature.

This study emphasizes the significance of accurately capturing short-run and
long-run symmetries/asymmetries in the quest to substantiate potential differ-
ences in the response of the real output levels to negative and positive income
inequality shocks, using different measures of income distribution. Our e mpiri-
cal result provides evidence in support of a long-run asymmetric impact between
income inequality and the real output levels, since the long-run coefficients of
positive changes have positive signs, while the signs of those of negative changes
are negative, indicating that a decrease or increase in income inequality improves
the real output levels in the United States. Economic growth appears not to be a
feasible policy solution for dealing with an increase or decrease in income
ine-quality, as it has worsened income inequality in the US (Frank 20009;
Bahmani-Oskooee and Motavallizadeh-Ardakani 2018). Therefore, in order to
curb income inequality and promote equitable income distribution, alternative
economic wel-fare policies must be put in place.
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