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Abstract. Evidence from this study shows a significant relationship between
growth and income inequality in which inequality creates a negative impact on
the growth, but the impact of economic growth on income inequality is non-
linear. This result captures the Kuznets Hypothesis, finding the level of growth
that can reduce unequal distribution of income in Thailand. Finally, this study
also discovers a certain level of inflation that can help reduce income inequality
effectively.
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1 Introduction

The relationship between income disparity and economic growth has been a critical
issue in macroeconomics over several decades. Countries need economic growth to
improve standard of living, reduce poverty, and also to survive in the modern economy.
But in the meantime a rise in growth can also cause the inequality which may lead to a
long-standing problem which in turn can become destructive to the growth.

While we seem to consider the inequality as a consequence of economic growth,
some economists tend to argue that inequality may affect the growth at the same time
and perhaps it is necessary to propel the growth. “Two sides of the same coin’ is what
Ostry and Berg, IMF staff, used to define the effect of inequality on economic growth
through their paper in 2011 [13]. They reckoned that the impact of unequal distribution
of income is split into two sides. Inequality can influence the growth negatively and
become a problem for society. For example, it can obstruct the human capital accu-
mulation especially in education. That is because individuals having higher income can
invest more in education than poor people can and have lots of choices in occupation.
Recently, IMF has released one more discussion paper about inequality and growth
entitled ‘Causes and Consequences of Income Inequality: A Global Perspective’ [5].
One part of this paper refers to a negative effect of inequality on growth and reckons
that inequality can also leads to political and economic instability, resulting in cor-
ruption, resource misallocation, and nepotism. In contrast, inequality can also be good
for economy since it provides incentives for people to invest and save for their future
livelihood and also for entrepreneurs to run their businesses successfully [10].
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Inequality does not instantly propel economy but without inequality economy is like
socialism where the growth of economy hardly exists.

Trade-off between increasing growth and reducing inequality

While growth is needed, inequality still matters. Some economists suggest that an
improvement in income distribution and economic growth can be achieved at the same
time [2]. Simon Kuznets, an American economist who received the Nobel Memorial
Prize in Economic Sciences in 1971, hypothesizes that as a country develops, the
economic inequality would first increase and then later decrease [9]. This hypothesis is
graphed as an inverted-U shape called ‘Kuznets Curve’ where the horizontal x-axis is
income per capita and the vertical y-axis is economic inequality. This inverted-U shape
curve implies that income inequality following the curve is gradually increased
resulting from economic evolution. That is, at the initial level of low economic growth,
income inequality is also low. Then, as countries seek to increase the rate of economic
growth, industrial sector often plays a key role to achieve the goal. This event leads to a
big gap between rich and poor, and hence income inequality increases. According to
the Kuznets Hypothesis, the level of inequality keeps rising as long as the economic
growth increases. However, according to the same hypothesis, inequality will be
decreased after the growth reaches some certain level, a threshold, in which the
economy is developed efficiently resulting in an increase in average income, an
improvement in social welfare of society, higher educated populations, and so on.

Motivated by this reasoning, this paper aims to investigate whether the Kuznets
Hypothesis holds in the case of some developing country like Thailand where Thai
government has been trying to promote the economic growth and especially with a
concern about inequality at the same time. This is crucially important because, if we
could prove that the hypothesis holds and the result could illustrate the threshold
accurately, it means we can find the proper rate of economic growth that will not hurt
income distribution in the long term. Our findings should be useful for the Thai
government and policy makers and can contribute to longer-run benefits for society.

2 Econometric Modeling Framework

Investigating the inverted U-shaped curve or the so-called Kuznets curve is a pro-
foundly complicated problem and difficult to do in the real world because economic
growth and income inequality themselves actually depend on many factors. Therefore,
an appropriate tool for investigating this phenomenon with special concern in the real
mechanism of growth and income inequality becomes so important. As in the literature,
numerous studies failed to find the Kuznets curve, especially the empirical studies on
time series (see, e.g., Gallup [6]). Therefore, this paper presents a novel tool of
investigating the Kuznets curve that is the simultaneous kink equation (SKE) model.
We employ the idea of Kink regression with unknown threshold as introduced in
Hansen [7] for identifying the unequal effect of growth on the distribution of income.
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2.1 Introduction to the SKE Model

This study deals with a simultaneous relationship between income inequality and
economic growth and speculates some covariate variables can produce effects that
would be considered both negative and positive. Therefore, Kink regression model
with unknown threshold is applied to the simultaneous equation model in order to
capture our considerations. What is the kink regression? Briefly, it is simply a
regression discontinuity model. The regression function itself is continuous but the
slope is discontinuous at a threshold point, thereby a kink [7]. With that in mind, we
have the simultaneous kink equation (SKE) model as an econometric model for this
work. The SKE model can take the form as:

G G k k
Yig =0+ Zﬂf,(yfu —ru)_+ Zﬁf: (Yoiy—ri), + Zﬁbf,(xu —ry)_+ Z Qbf; (Xis —ryj) | o181,
=1 i1 = =
(1)

G G k k
Ymg = Om + Z /3,;;(fo.1 - rmi), + Z/J),,J,r;(y—i.z - rmi) L+ Z (f);,_/'(xi.r - rmj), + Z 47;:, (Xi.r - rmj), + Oméms
=1 =1 = =1

The model above contains m-simultaneous kink equations where (yy;, . . ., yn,) and
(€14, - - -, &ms) are T x 1 vector of dependent variables and error terms, respectively. X;,
is a T x k matrix of k exogenous regressors, and Y_;, is a T x G matrix of G
endogenous regressors on the right-hand side of the i™ equation. Note that exogenous
and endogenous regressors can simply be viewed as independent variables of the
model. The exogenous regressors refer to X;,. The endogenous regressors refer to the
dependent variable of other equations Y_;, that also work as an independent variable
for this i™ equation. Therefore, this structure is called the simultaneous equation model.
The term (g1, . .., 0,,) are the scale parameters of margin 1,...,m and (¢1, ..., &n,) are
the margin errors that follow some distributions. Following Hansen [7], we generate
negative and positive functions of real number a as (a)_ = min(a,0) and
(a), = max(a,0), respectively, in order to separate the regressor variables into two
regimes. For i equation, the coefficients with respect to the right hand side variables
are equal to (f;, .. .J,,;) for the values of Y_;, less than certain values (ry;, . .., ry;), and
(@15 - - - byy) for the values of X, less than (ryj,. .., ry). Conversely, the coefficients

will be (B;:,.., ") and (d)lj S d),:j) if the values of Y_;, and X;, are larger than
(r1iy -y Fmi) and (71, . . ., 7y, respectively, and yet the regression function is continuous

in all variables [7].

2.2 Modelling Dependence with Copulas

In our SKE model, it is assumed to have a correlation between the errors across m -
simultaneous kink equations; therefore a joint distribution or dependency is somehow
needed. We are thinking about the term ‘Copulas’ which are the best way to give us a
joint cumulative distribution function. Therefore, we employ the copulas to measure
the nonlinear dependence structures with different marginal distributions as in the



652 P. Maneejuk et al.

suggestions of Wichitaksorn et al. [18] and Pastpipatkul et al. [14]. The estimation of
our proposed model ‘the Copula based SKE’ will be discussed later.

What is Copulas? 1t is a parametrically specified joint distribution which is gen-
erated from any given marginal distribution [17]. The main advantage of using copulas
is to separate the marginal behavior and dependence structure of variables from their
joint distribution function [11]. This paper applies both bivariate Elliptical Copulas and
Archimedean Copulas to model the dependence structure in the SKE model. Here, our
model has two equations, the economic growth and the inequality equations, m = 2, in
which u; and u, are the marginal distributions of ¢; and ¢,, respectively. Let u; = F(&;)
and u; = G(&;). According to Sklar’s Theorem (see Nelson [12]), the marginals can be
inserted into any copula function C taken a form as C(uj,uz) = C(F(&1),G(&)),
where u; and u, are uniformly distributed and bounded on [0,1].

Elliptical Copulas. Two common elliptical copulas considered here are the Gaus-
sian and Student’s t. By considering the bivariate Gaussian Copula which is parame-
terized by the linear correlation coefficient p, the function form can be defined as

CY(ur,uz | p) = (@, (1), D, (u2)) (2)

where @, is the bivariate Gaussian distribution function and (D;l is the inverse uni-

variate Gaussian distribution function. Next, the bivariate Student’s t distribution is
expressed in terms of

CT(”‘la"Q |7, ve) = TK’V(T,Z‘L(MI), T;\_\L(W)) (3)

where T, is the bivariate Student’s t distribution function and T, 3 is the inverse
univariate Student’s t distribution function. Parameters v and x are degree of freedom
and dependence parameter, respectively.

Archimedean Copulas. Following Cherubini et al. [3], Archimedean copula can be

defined as
Clur,uz) = O (D(ur) + D(u2)) (4)

where @ is a strictly generator with ®~! completely monotonic on [0, ©0). Let’s
consider the bivarite Archimedean class consisting of Clayton, Gumbel, Frank, and Joe
copulas.

1. Clayton Copula. The Clayton copula is usually referred to in the bivariate case. It
has an ability to capture lower tail dependence. The closed from of this copula is
given by

CGC[(ulﬂlz :0) = (ul—ﬂ +u2‘9 o 1)—1/0 )

where 0 is a degree of dependence, 0 <0 <oo. If § — oo the Clayton Copula will
converge to the monotonicity Copula with positive dependence, but if 6 = 0 then
the marginal distributions become independence.



Economic Growth and Income Inequality: Evidence from Thailand 653

2. Gumbel Copula. The Gumbel copula is employed to model asymmetric dependence
of marginals. It is used to capture an upper tail dependence and weak lower tail
dependence. The form of bivariate Gumbel copula is given by

CS(u1,uz = 0) = exp(—[(—logu,)" + (— loguy)")'"*) (6)

where the copula parameter 0 is restricted on the interval [1,00).
3. Frank Copula. The Copula function of Frank Copula can be defined by

—Ou; _ 1 —Oup, 1
S A e e
e —
where the copula parameter 0 is restricted on the interval (—o00,00).
4. Joe Copula. The Joe copula is defined by

C‘('])(ula’/lZaG) =1- ((1 — u1)6+ (1 _ u2)9)1/0 (8)

where the copula parameter 0 is restricted on the interval [1,00).

2.3 Estimation Technique

As we construct two-equation SKE model to represent growth and inequality, the
bivariate copula is considered as a joint for these two equations. Prior to the model
estimation, we need to check the stationary of the data so that we use the Augmented
Dickey-Fuller unit roots test. The estimation technique we employ here is the maxi-
mum likelihood estimation where the log likelihood function of our model can be
defined by

log L(yi,Y_1,y2, Y2, X1, X5, u1,u2|®1, 0y,0)

9)
= ZiT:l[(log (y1,Y-1,X11©1) + log(yz,Y_2,X2|®2) + logc(uy,uz|0)]

The terms ©; = {dl,ﬁfi’ﬁﬁarli,rmff)fj@ﬁ }, 0, = {dz,ﬁ£i7ﬁz+i,r2i,rzi,¢gj,
qﬁg } and 0 are the estimated parameters of the growth equation, the income inequality
equation, and copula parameter, respectively. In this study, we consider four different
marginal distributions namely Normal, Student’s t, skewed Normal, and skewed Stu-
dent’s t distributions. Copula families, i.e. Gaussian, Student’s t, Clayton, Gumbel,
Frank, and Joe, are employed to join these two different marginals or to create a joint
distribution function of a bivariate random variable with the univariate marginal
distribution.
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3 Simulation Study

We conduct a simulation study to explore the performance and accuracy of our pro-
posed Copula based SKE model. The Monte Carlo simulation is employed to simulate
dependence parameter for the Copulas. For the Elliptical copulas, we set the true value
for the correlation coefficients p (Gaussian) and x (Student’s t) equal to 0.5 and the
additional degree of freedom parameter v, equal to 4. Then, for the Archimedean
copulas, the dependence parameter of Frank and Joe copulas are set as 0 =2 and
dependence parameter of Clayton and Gumbel copulas are set as 6 = 3. Then, the
obtained uniform data are transformed to ¢;, and &, using quantile function of mar-
ginal distribution choices in which ¢, and o, are equal to 1, the additional degree of
freedom parameter of quantile function of the Student’s t distribution v is equal to 6 and
the skewed parameter for skewed distribution is set as y = 1. In this section, we are not
going to examine all subsets of the cases in this simulation study; instead we are
especially considering three comprehensive cases shown as follows:

Case 1 : Copula based SKE with Normal and Student’s t margins

Case 2 : based SKE with Skewed Student’s t and Student’s t margins

Case 3 : Copula based SKE with Normal and Skewed Normal margins.

Thus, the simulation model takes the following form:

yie=on+ ¢ (X —ri) +¢1+1 (X1 — ) o181,

Y2 = o2+ By 1y —ra1)_ + ﬁﬂ (V14— 721) L t o8y, - (10)

Prior to generate a dependent variable y; ,, we randomly simulate an independent
variable X, from N(15,10) and set the kink point r|; equal to 15, the true value for o,
equal to 1. Moreover, the values for coefficients ¢, and ¢! are set to be —0.5 and 2,
respectively. Similarly, to simulate y, ,; in the second equation, first, we have to generate
the value of its independent variable, y;,. However, as we are dealing with the
simultaneous equations model, the dependent variable of the first equation also plays a
role as an independent variable for the second equation at which y; , has been simulated
already from the first equation. In addition, we set the value for the kink point r,; equal
to 20, the true value for o equal to 1, and for coefficients ¢, and ¢, equal to 0.1 and
—2, respectively.

To save the space, we decide to show the simulation result only for the first case
that is the model with Normal and Student’s t margins. Table 1 shows the results of the
Monte Carlo simulation investigating the maximum likelihood estimation of the
Copula based SKE model. We found that our model can perform very well through
simulation study. The mean parameters are very close to their true values with low and
acceptable standard errors. For example, the mean value of the coefficient «; is 0.90
with standard error equals 0.13 while the true value is 1. This result demonstrates the
accuracy of estimation and the same for the other cases. Overall, the Monte Carlo
simulation suggests that our model ‘Copula based SKE’ is reasonably accurate.
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Table 1. Normal and student’s t margins

Copula Gaussian Student-t Joe

Parameter | True | Estimates | S.E. | Estimates | S.E. | Estimates | S.E.
o 1 0.90 0.13]0.94 0.12]1.01 0.11
¢1+1 2 2.00 0.01|1.99 0.01|1.99 0.01
o —0.5|-0.48 0.02 | -0.50 0.02|-0.52 0.01
o1 1 0.99 0.50{0.86 0.04|0.97 0.05
o0 1 0.97 0.140.78 0.14 | 1.07 0.13
ﬁ;l -2 |—1.98 0.01|-.99 0.01|-1.97 0.01
b —0.1|-0.10 0.01 | -0.08 0.01|-0.09 0.01
1) 1 1.08 0.10]0.86 0.05|0.97 0.07
V) 6 4.54 1.25]10.95 6.67 | 5.06 1.30
11 20 |19.92 0.09 | 20.01 0.08 | 20.02 0.07
1 15 |15.11 0.09 | 15.21 0.10| 15.07 0.08
P 0.5 10.54 0.05 |- - - -

K 05 |- - 0.35 0.06 | — -

0 2 - - - - 2.05 0.18
Copula Clayton Gumbel Frank
Parameter | True | Estimates | S.E. | Estimates | S.E. | Estimates | S.E.
oy 1 1.03 0.08 | 1.05 0.10| 1.06 0.12
¢1+1 2 2.00 0.012.01 0.01 |2.00 0.01
o —0.5|—0.50 0.01|-0.49 0.01|-0.51 0.01
o1 1 0.97 0.04 | 1.12 0.06 | 0.91 0.05
o 1 0.90 0.10|1.17 0.09|1.11 0.12
[j;l -2 | =2.01 0.01 | =2.00 0.01|-2.00 0.01
B —0.1|-0.08 0.01 | —0.11 0.01|-0.12 0.01
07 1 0.96 0.06 | 1.67 0.49|1.14 0.11
V) 6 5.92 1.49|5.57 0.45|4.47 1.44
i1 20 ]20.01 0.04 | 19.94 0.05120.05 0.08
721 15 |[15.05 0.06 | 14.94 0.04 | 14.91 0.03
0(OFrank) | 3(2) 3.02 0.352.61 0.32|1.97 0.47

Source: Calculation.

4 Model Specification and Variables

655

To test a relationship between income inequality and economic growth, we use the
following two equations which are modeled simultaneously. The first equation repre-
sents the economic growth and the second equation represents the income inequality
which is measured by the best known index Gini coefficient'. A key point of this model

! The Gini coefficient is a number on a scale measured from 0 to 1, where O represents perfect equality
and 1 represents total inequality [15].
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is that the growth equation contains Gini coefficient and the GDP growth is also entered
into the Gini equation to find a direct link between these two factors.

At this stage, we construct this model and decide which economic variables should
be included by combining a lot of information from expert advices and literatures. The
first part of the growth equation includes change in nominal GDP lagged by one period
and structural characteristic (Str;), where In(Str;) = In(S;) — In(n, 4+ 0.75). The
variables capturing structural characteristics were introduced by Serensen and
Whitta-Jacobsen in 2010 to include S;, the country’s average gross investment rate and
n,;, the growth rate of its average labor force [16]. In brief, they suggest this term is
basically needed because growth has its own long run path which is defined by the
basic structural characteristics of the country. The next variable is human capital
accumulation (HC;) in terms of education and training, health status, and experience
which is found to have greatly positive impact on economic growth and induce sus-
tainable growth. Also, institution should be considered as a cause of the long-run
growth [1]. The institution in a society is commonly related to such social mechanisms
as democracy, religion, property rights, and rule of law. It determines the incentives
and creates constraints in the economy. The last included variable in the growth
equation is change in government debt (ADebt). We consider this term because the
literature shows that debt also matters for economic growth.

AGDP[ = OCI + ﬁllAGDP[71 + ﬁlz ln(Str[) + ﬂ13 ln(HC[) + ﬂl4 ln(lnstt)

11
+ﬁ15Glnlt+ﬁ]6ADebtt + ui ( )

+ BosAEdu, + fsAUnemp, + uy (12)
Next, we will discuss about potential sources influencing income inequality. It is
not easy to choose which factors should be included in the Gini equation because
inequality is somewhat complicated and unclear to define. However, following the
study of Kaasa [8], we are able to classify the factors affecting inequality into four
groups as follows. The first group is economic growth and general development of a
country where we select the growth in GDP (AGDP;) and GDP per capita (GDP°) to
represent this group and to describe a particular country’s development level. The
second group refers to the political factors which are defined as privatization and the
public sector [8]. Privatization is believed to cause wealth concentration which finally
leads to income inequality. Therefore, the bigger share of private sector may imply the
higher income inequality, thereby the variable PS,. The third group is macroeconomic
factors. We especially consider inflation rate (Inf;) and the number of unemployed
people (Unemp,) to represent this group. The last group is demographic factors. We
focus especially on some part of demographic development that is education because
education is greatly important for reducing uneven income [5], thereby a variable
expenditure on education (Edu,).
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5 Exploring the Link Between Growth and Inequality Using
Thailand’s Data

First of all, we’d better explain about data used in this study. We have a quarterly data
set of all considered variables, spanning from 1993:Q1 to 2015:Q4. The economic
growth data comprises GDP, a structural characteristics, human capital index, insti-
tution index, and government debt. In addition, the income inequality data consists of
the Gini coefficient, GDP per capita, private sector share of GDP, inflation rate, gov-
ernment expenditure on education, and rate of unemployed labor. We collected all the
data from Thomson Reuters DataStream, from Financial Investment Center (FIC),
Faculty of Economics, Chiang Mai University, except the Gini coefficients which were
collected from the National Statistical Office of Thailand. Additionally, we apply the
Augmented Dickey-Fuller (ADF) unit roots test to the subsets of data to examine
whether or not the data series contains a unit root, before we estimate the model. We do
not show the result here but we found that all variables passed the test at level with
probability equal to zero, meaning all of them are stationary.

5.1 Testing for a Kink (Threshold) Effect

This section is conducted to explore whether or not the kink (or threshold) exists with
respect to our model. We employ the Likelihood ratio test (LR-test) to test the kink
effect following a recommended algorithm of Hansen [7]. The kink effect on a rela-
tionship between response variable, y, and its covariate, X;, is examined as a single
equation. This algorithm is kept using for each pair of the covariate and response
variable. We assume the null hypothesis is linear regression and the alternative is kink
regression. The results are shown in Table 2.

Table 2. Results of likelihood ratio test

Covariate
Growth equation AGDP, | AGDP,_; | In(Str;) In(HC,) | In(Inst,) | Gini, | ADebt,
0.067 0.009 1.538 |0.765 0.008 |0.016

Inequality equation Gini; | AGDP; |In(GDP{") |In(PS;) |In(Inf;) |AEdu; AUnemp,
20.96%** | 1.054 0.814 | 27.91*%**]0.302 | 1.098

Source: Calculation.
Note: “***” denote that the null hypothesis of no regime shift is rejected at the 1 %
significance level.

Assuming the null hypothesis is true, Table 2 shows that only the covariates
AGDP; and In(Inf;) reject the null hypothesis of linearity at the 1 % level, and hence
their outcomes are said to be in favor of the kink regression. The result implies that the
kink test is conclusive regarding the question of whether or not there is a regression
kink effect on the economic growth and income inequality due to these covariates.
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Therefore, the SKE model with specified kink effect can take the form as in the
equations that follow. This model is set similarly to Egs. (11) and (12) but the slope
with respect to the GDP growth and inflation are discontinuous since they have a kink
at AGDP = ry and In(Inf;) = r, where we treat the parameters r; and r, as the kink
points which need to be estimated.

AGDP[ = 0 + ﬁllAGDPl‘—l + ﬁlz ln(Sl‘r,) + ﬁ13 ln(HC,) + ﬁ14 ln(lnst,)

13
+ B15Gini, + f,,ADebt, + o181, (13)

Gini, = oy + ¢y (AGDP, — r1)_ + 5, (AGDP, — 1) + B, In(GDPY)
+ By In(PS;) + ¢y (In(Inf;) — r2)_ + ¢5y (In(Inf;) — 1) . + PasAEdu,
+ PosAUnemp, + 26

(14)

5.2 Selecting Copulas for SKE Model

This part is about selecting a Copula that is best-fit for the data. Given a set of Copula
families, we then select the Copula using the Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC). Again, this paper is interested in some
well-known families of Copula, i.e. Gaussian, Student’s t, Clayton, Gumbel, Frank, and
Joe, as described in Sect. 5.2, and it assumes four different distributions for the mar-
ginals, namely Normal, Student’s t, skewed Normal, and skewed Student’s t distri-
butions. Therefore, we have got sixteen cases for a pair of marginal distributions of the
growth and inequality equations, respectively.

According to the results shown in Table 3, the minimum values of AIC and BIC are
—796.8 and —741.3 (bold numbers), respectively, from which Gaussian Copula is
chosen to be a linkage between normal margin of the growth equation and Student’s t
margin of the inequality equation.

5.3 Estimates of Copula Based SKE Model

To explore the relationship between growth and income inequality in Thailand,
Egs. (13) and (14) are estimated by MLE and the results are presented in Table 4. In
general, the model can perform well across the data sets and it can capture a nonlinear
effect of some variables. Most of the parameters are rightly signed and statistically
significant at the conventional levels. The estimation of the growth equation, shown at
the beginning of Table 4, reveals that only some variables suggested by the empirical
growth literatures, are significant in the case of Thailand. It is found that Thailand’s
economic growth depends significantly on the structural characteristics and the Gini
coefficient, but the impact of other variables on the economic growth are not signifi-
cantly found.
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Table 3. AIC and BIC criteria for model choice

Marginal distribution Class of Copula

Gaussian | Student’s | Clayton | Gumbel | Frank | Joe
t

[1] Normal/Normal —785.9 |=779.6 —700.4 | —234.2 | —=787.0 | =750.1
—732.9 |-T724.1 —647.4 | —181.2 | —734.1 | —697.2
[2] Normal/Student’s t -796.8 | -787.4 —682.6 | —759.6 |—781.5|—592.9
-741.3 | -729.4 —627.1 | =704.1 |=726.0 | —537.4
[3] Normal/Skewed Normal -518.9 | —-637.7 —248.7 | =333.9 | =572.9 | —424.2

—463.4 | —579.7 —193.2 | —278.5 | —522.5 | —368.7
[4] Normal/Skewed Student’s t | 3,030.8 |1,978.9 |2,374.5 |2,927.5 |3,203.3|3,269.5
3,088.8 [2,039.5 2,432.5 12,9855 |3,261.3|3,327.5
[5] Skewed Normal/Normal —196.9 |—-474.6 —358.3 | —153.8 | —442.8 | —320.6
—141.4 | —-416.6 —302.8 | —98.3 |—387.3|-265.2
[6] Skewed Normal/Student’s t | —336.3 |—691.9 —480.7 | —439.4 | —535.3 | —493.7
—278.3 |—-631.4 —422.7 | —381.4 | —477.3 | —435.7

[7] Skewed Normal/Skewed —541.6 | —-724.5 —347.6 12,6104 | —481.4|2,627.2
Normal —483.6 | —664.0 —289.6 12,6684 | —423.42,685.2
[8] Skewed Normal/Skewed —496.2 |1,631.6 1,352.1 | =26.0 | —=594.7 | —495.5
Student’s t —435.7 |1,694.7 1,412.6 | 34.5 —534.2 | —435.0
[9] Student’s t/Normal —608.8 | —358.1 —504.0 | —753.0 | —281.5 |—424.2

—555.8 | —305.2 —451.1 | =700.1 | —226.0 | —368.7
[10] Student’s t/Student’s t -699.1 | =776.7 —659.2 | —634.8 | —488.8 | —443.3

-641.1 |-7162 |-601.2 |-576.8 |—430.8 | —385.3
[11] Student’s t/Skewed Normal |—565.8 |—772.9 —=724.1 |1,304.7 | —337.5 | 130.6
-507.8 | —7124 | —666.1 | 1,362.7 |—279.5 | 188.6
[12] Student’s t/Skewed -762.5 | —753.1 | —517.9 |—718.6 | —750.6 | —587.1
Student’s t —702.0 |—690.0 |—457.4 |—658.1 |—690.1 | —526.6
[13] Skewed Student’s t/Normal | —252.0 | —436.4 |-707.4 | —176.4 |-257.1 |—238.1
-194.0 | —3759 | —649.4 |-118.4 |—199.1 |-180.1

[14] Skewed Student’s -525.1 |—717.0 |—578.5 | —667.6 |—637.5 |-347.4
t/Student’s ¢ —464.6 |—654.0 |—-518.0 |—607.0 |—576.9 | —286.9
[15] Skewed Student’s t/Skewed |5,164.7 |4,9983 [6,316.7 |1,354.5 |4,665.2|3,734.9
Norma 52252 |5,0613 [6,377.2 | 1,415.0 [4,725.7|3,795.4
[16] Skewed Student’s t/Skewed |6,714.1 [4,969.0 |4,428.8 |6,054.3 |4,103.3 | —384.5
Student’s t 6,777.1 |5,034.5 |4,491.8 |6,117.3 |4,166.3 | —321.5

The structural characteristic is an essential economic variable and needed for the
economy to preserve an existence of convergence. Economists believe that the growth
rates have to converge to some steady state equilibrium growth path, however, the
convergence will occur due to some important condition that is a negative sign of a
coefficient of the characteristics variable in order to let the conditional convergence
occur [16]. Our result provides numerical evidence consistent with this condition, the
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coefficient is —0.0004 meaning that Thailand’s GDP growth converges significantly to
a country-specific long run growth path with speed 0.0004. Importantly, we also found
a negative relationship between growth and the Gini coefficient. The coefficient is equal
to —0.1147, meaning that an increase in the income inequality — measured by Gini
coefficient- leads to GDP growth decline in Thailand. In contrast, if we could reduce
the Gini coefficient just by 1 %, Thailand’s economic growth could be boosted over
0.11 %.

As also reported in Table 4, income inequality in Thailand depends significantly on
GDP growth, inflation, and unemployment. We found that GDP growth has both
negative and positive impacts on income inequality, as well as the impacts of inflation.
This happens due to the kink effect and we will discuss completely about this effect
later. Unemployment is found to be positively correlated with income inequality. We
found that the coefficient of unemployment is 0.0106, meaning that an additional 1 %
of the growth rate of unemployed worker leads to 0.01 % increase in Gini coefficient.
This estimate result confirms the previous works and also the empirical literatures as
reported in Sect. 2. However, we failed to find significance for other important vari-
ables across this data set, such as GDP per capita, share of private sector, and
expenditure on education.

A specific capability of our method allows us to preserve the nonlinear impacts of
GDP growth and inflation on income inequality. The impacts are split into two groups
based on kink points. In Fig. 1 (a) we display the relationship between Gini coefficient
and GDP growth through a regression line, on which the vertical axis is GDP growth
and the horizontal axis is income inequality measured by the Gini coefficient. We can
see that the regression shows a small positive slope for low GDP growth with a
significant kink around 0.0074 (0.74 %), displayed as the blue dot, switching to a
negative slope for GDP growth beyond that kink value. This means GDP growth
displays a positive impact on the Gini coefficient when the growth is below 0.74 % per
quarter. The coefficient of this positive part is 0.0501, meaning that an additional 1 %
of GDP growth leads to 0.05 % increase in Gini coefficient. On the other hand, the
same Fig. 1 (a) also shows a negative impact on the Gini coefficient when the growth is
over 0.74 % per quarter. The coefficient of GDP growth in the negative trend is 0.0206,
meaning that an increase in GDP growth by 1 % can cause a reduction in Gini coef-
ficient by 0.02 %.

In Fig. 1 (b) we illustrate the relationship between Gini coefficient and inflation
through another regression line. We can see that the regression shows a steeply positive
slope for low inflation with a significant kink around 3.2419 (3.24 %), displayed as the
blue dot, switching to a smaller positive slope for the inflation beyond that kink value.
The result observes the positive relationship between inflation and income inequality,
in which the higher inflation the more income inequality. However, our work can do
more than that; we find a salient result that the impacts of inflation on inequality are
split into two levels based on the kink point. In the first stage, at any level of inflation
below 3.24 %, an additional 1 % of inflation leads to 0.013 % increase in Gini coef-
ficient. But in the second stage, the effect is much less than the first stage. We found
that an additional 1 % of inflation just leads to 0.005 % (0.0047) increase in Gini
coefficient. This result is consistent with the finding of Crowe [4], CEP researcher and



Economic Growth and Income Inequality: Evidence from Thailand 661

Table 4. Estimation results of Copula based SKE model

Variables Estimated value | S.E. (x102) | Confident interval
25% 97.5 %
Growth
Intercept 0.0524 (2.15)%** 0.0094 |0.0955
GDP growth lagged by one period | 0.0512 (10.11) —0.1511 ] 0.2536
Structural Characteristic —0.0004 (0.01)*** —0.0008 | —0.0001
Human Capital Accumulation 0.0015 0.44) —0.0073 | 0.0104
Institution 0.0009 (0.20) —0.0031 | 0.0049
Gini Coefficient —0.1147 (1.37)%%: —0.1422 | —0.0872
Government debt 0.0007 (0.28) —0.0051 | 0.0064
Sigma (o) 0.0210 (0.15)%* 0.0179 |0.0240
Income Inequality
Intercept 0.4059 (0.41)%#:* 0.3977 0.4142
GDP growth (positive part) 0.0501 (2.21)%** —0.24120.3414
GDP growth (negative part) =0.0206 (0.51)*** —0.1605 [ 0.1193
GDP per capita 0.0001 (0.05) —0.0008 | 0.0011
Share of Private Sector -0.0114 (27.69) —0.5653 | 0.5424
Inflation (positive part) 0.0131 (0.53)*** —0.1295 | 0.1557
Inflation (negative part) 0.0047 (0.13)%** —0.0659 | 0.0753
Expenditure on Education —0.0519 4.94) —0.1508 | 0.0468
Unemployment 0.0106 (0.63)* —0.0019 | 0.0233
Kink point in GDP growth (r) 0.0074 (2.81)*** —0.0486 | 0.0635
Kink point in inflation (r,) 3.2419 (25.12)*** 12,7394 |3.7445
Sigma (a7) 0.0697 (8.34) 1.5408 |0.2367
Degree of freedom (v;) 2.1068 (27.07) 1.5408 |2.6729
Joint Estimate
Dependency (p) 0.2409 (27.07)* —0.3005 | 0.7824

Source: Calculation.
Note: “* %> and “***” denote rejections of the null hypothesis at the 10 %, 5 %, and
1 % significance levels, respectively.

IMF’s officer who first mentions about positive relationship between inflation and
inequality that should be separated into two levels.

But, from our opinions, we think it is true that the greater inflation may cause the
higher income inequality; but what we suggest here is to use the proper level of
inflation to reduce income inequality in the case of Thailand. Our experiment found
that in the first stage, under the kink value 3.24 %, the elasticity of the Gini coefficient
with respect to the inflation is low; therefore a small decrease in the inflation rate results
in a large decrease in the Gini coefficient. In contrast, the elasticity is much higher in
the second stage, meaning that even the central bank provides a big decrease in the
inflation rate; we can observe just a minor decrease in the Gini coefficient. Hence, it is
reasonable to preserve the inflation rate below that kink value.
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Fig. 1. Plot of Gini coefficient and its covariates estimated by Copula based Kink regression
(Color figure online)

6 Conclusion

This study attempts to explore the relationship between income inequality and eco-
nomic growth with special focus on Thailand. We propose Copula based simultaneous
kink equations (SKE) model to investigate this relationship. The estimate results show
that Thailand’s economic growth depends significantly on the structural characteristics
and the Gini coefficient. For income inequality, it is found that the Gini coefficient
depends significantly on GDP growth, inflation, and unemployment, in which the first
two variables create the kink effects on the Gini coefficient.

Let us explain about our considerable issue, income inequality and growth. We
found that the Gini coefficient creates a negative impact on the growth; on the other
hand, the growth can create both negative and positive impacts on the Gini coefficient
due to the kink effect. This result is corresponding to the Kuznets Hypothesis finding
the level of growth that could reduce income inequality. From this data set, we
experimentally found that the growth beyond the kink value, 0.74 % per quarter, can
reduce income inequality in Thailand. But more than that, we also discover an alter-
native way to reduce income inequality that is the inflation. Our study found that at any
level of inflation under the kink value 3.24 %, a small decrease in the inflation rate
results in a large decrease in the Gini coefficient. Therefore, it is reasonable to preserve
the inflation rate below that kink value.
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