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Abstract: The issue of economic growth is the oldest topic in economics, and it is also a worldwide 
topic.Throughout the history of economic growth in various countries around the world, growth is often 
associated with income distribution, and differences in economic growth among countries have led to 
unequal distribution of income levels.At the same time, the disparity of income distribution also affects 
the economic growth of various countries.This paper firstly selects relevant statistical data from 1971 
to 2018, establishes appropriate econometric models, and verifies and revises the models through 
various statistical testing methods.Then the relationship between economic growth and its related 
economic index (Gini coefficient) is quantitatively analyzed.Finally, through the analysis of the final 
regression model in economic significance, the relevant policy recommendations are put forward. 
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1. Research background and significance 

The relationship between economic growth and income distribution was linked as early as in the era 
represented by the theories of Smith, Ricardo, and Marx.It has been the focus of many development 
economists since World War II.In 1955, American economist Kuznets proposed the famous "inverted U 
hypothesis" of income distribution difference in his speech to the American Economic 
Association:Income disparities widen rapidly in the early stages of economic growth during the 
transition from pre-industrial civilization to industrial civilization, stabilize briefly, and then shrink 
gradually in the later stages of growth.Since then, the debate over the inverted U hypothesis has 
unfolded.Until the mid-1980s, most of the studies on the relationship between economic growth and 
income distribution centered on the "inverted U hypothesis" to explore the long-term trend of income 
distribution in the process of economic growth, that is, the degree of influence of economic growth on 
income distribution[1].However, the effect of income distribution on economic growth has been less 
explored upon. 

In 1986, in his famous paper "Increasing Returns and Long-Run Growth" published in the Journal 
of Political Economy, Romer first regarded technological progress as the endogenous variable of 
economy and the result of knowledge accumulation. This paper puts forward a growth model of 
increasing returns which is different from the traditional growth model of diminishing returns and 
emphasizes that human capital is the main factor of economic growth.Since then, the theory of 
endogenous growth has been applied and studied of economic growth issues.Later, Lucas (1988) 
analyzed the mechanism of endogenous growth. Grossman(1991) et al. endogenized R&D activities, 
and Yang Xiaokai (1991) introduced the idea of combining the evolution of division of labor and 
transaction costs into the growth model, so as to develop the endogenous growth thought of Romer and 
Lucas in this respect, forming the most active and hot field of economics at present, namely the new 
economic growth theory.With the development of endogenous economic growth theory, the influence 
of income distribution on economic growth is linked together through endogenous factors.Recently, 
Western scholars have expanded the endogenous economic growth theory established by Romer et al., 
studying how income distribution affects the improvement of growth mode, focusing on such issues as 
"fairness, efficiency and growth", "whether unfair income distribution is unfavorable to economic 
growth", and "which income distribution principles are more conducive to economic growth"[2]. 
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2. Variable selection, data source and preliminary model construction 

2.1 Selection variable 

First of all, we select "Annual Growth Rate of National Income" as the explained variable Y; then, 
we select "Gini coefficient" as the explanatory variable 𝑋𝑋1 and "Per capita GDP" as the explanatory 
variable 𝑋𝑋2. 

2.1.1 Annualized growth rate of national income (Y) 

It refers to how much a country's national income has increased from the previous year. Annualized 
growth rate = current year's national income data - last year's national income data/last year's national 
income data *100%. This paper uses this index to measure the level of economic growth. 

2.1.2 Gini coefficient (𝑿𝑿𝟏𝟏) 

Gini coefficient is a famous Italian economist Gini, on the basis of Lorenz curve, put forward in 
1912, used to judge whether the distribution of income is fair. The Gini coefficient is a proportional 
number that ranges from 0 to 1, with closer to 0 indicating more equal income distribution and closer to 
1 indicating more unequal income distribution. 

In this paper, only the post-tax Gini coefficient is selected, and the pre-tax Gini coefficient is 
abandoned. The impact of tax on the growth of national income is not studied. 

2.1.3 Per capita GDP (𝑿𝑿𝟐𝟐) 

It refers to a country's gross domestic product realized during the accounting period (usually one 
year) compared with the country's resident population (or registered population) calculation, to get the 
per capita GDP, is a measure of the standard of living of people in various countries. 

Solow growth model shows that the higher the level of per capita GDP, the lower the growth rate of 
national income. A poor economy (with lower GDP per head) grows faster than a rich one[3]. 

2.2 Data source 

Finding the raw data at Harvard University, this paper selects continuous data from 1971 to 2018 
for 18 countries (10 developed countries and 8 developing countries). 

Simpson's paradox illustrates that grouped data and aggregate data can lead to completely opposite 
conclusions. In order to obtain the correct causal relationship and eliminate the interference of 
confounding factors on the relationship between Gini coefficient and national income growth rate, the 
data should be divided into developed countries and developing countries for research. However, since 
the classical econometrics models of linear panel data include fixed effects variable intercept model, 
fixed effects variable coefficient model, random effects variable intercept model, random effects 
variable coefficient model, mixed model and other five categories[4], a model suitable for the whole can 
be found to overcome Simpson's paradox through various statistical tests and econometric tests. 
Therefore, this paper still uses aggregate data rather than grouped data to build models to study the 
problem of Gini coefficient and national income growth. 

2.3 Preliminary construction model 

In order to estimate the mathematical form of the model correctly, the scatter plot of the annual 
growth rate of national income and the Gini coefficient is drawn first. Figure 1 shows the results. 

 
Figure 1: Gini coefficient and the annual growth rate of national income. 
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According to Figure 1, it is an inverted U shape, so the model is preliminarily set as: 

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑖𝑖𝑖𝑖1 + 𝛽𝛽2𝑋𝑋𝑖𝑖𝑖𝑖12 + 𝛽𝛽3𝑋𝑋𝑖𝑖𝑖𝑖2 + 𝑢𝑢𝑖𝑖𝑖𝑖;  𝑖𝑖 = 1, … ,10, 𝑡𝑡 = 1971, … ,2018           (1) 

The mean of uit is 0, the variance is σu2, and Assuming X and Y are not related. 

3. Model construction 

3.1 Model verification 

3.1.1 Unit root test 

Check whether unit root exists in panel data, so as to check the stationarity of data, avoid false 
regression or false regression, and ensure the effectiveness of estimation. Since the time length of the 
data in this paper is 48, larger than 15, unit root test is required for the panel data[5]. 

The unit root test results of the annual growth rate of national income are shown in Figure 2. 

 
Figure 2: The unit root test of the annualized growth rate of national income. 

The P-values of Fisher-ADF in the same root unit root test LLC and different root unit root tests are 
all less than 0.05. Therefore, the null hypothesis of the existence of unit root is rejected, and this 
sequence can be considered to be stable[6]. 

The unit root test results of Gini coefficient are shown in Figure 3. 

 
Figure 3: Unit root test of Gini coefficient. 

The P values of LLC and Fisher-ADF were all greater than 0.05, which suggested that the sequence 
was unstable. So the unit root test comes after the first difference. The result is shown in Figure 4. 
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Figure 4: Unit root test of Gini Coefficient (after first difference). 

The P-values of both LLC and Fisher-ADF were observed to be less than 0.05, indicating that the 
sequence was stable. 

The unit root test results of the square term of Gini coefficient are shown in Figure 5. 

 
Figure 5: Unit root test for the square term of Gini coefficient. 

The P-values of both LLC and Fisher-ADF were observed to be less than 0.05, indicating that the 
sequence was stable. 

The unit root test results of per capita GDP are shown in Figure 6. 

 
Figure 6: Unit root test of per capita GDP. 

The P-values of both LLC and Fisher-ADF were observed to be less than 0.05, indicating that the 
sequence was stable. 

3.1.2 Cointegration test 

The best cointegration test is the test of economic theory itself.The inverted U hypothesis of 
Kuznets and the economic growth theory of Solow model can prove that the model in this paper can 
pass the cointegration test. 
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3.1.3 Hausmann test 

The fixed effects model allows for a correlation between unobserved individual heterogeneity and 
explanatory variables, while the random effects model assumes no correlation between the two. So 
which model is more appropriate for this paper? 

Hausman test provides statistical basis for distinguishing the two models and is a common panel 
data test method. Of course, qualitative analysis can also be used to determine which model to build. 
This paper mainly through statistical test. 

The original assumption of Hausman test is that the unobserved individual heterogeneity is not 
correlated with explanatory variables (i.e. the assumption of random effects model), so Eviews 
software is first used to do random effects model regression[7]. The results of individual random effects 
model are shown in Figure 7. 

 
Figure 7: Regression results of individual random effects model. 

Next, Eviews software is used to test whether the individual random effects model can pass the 
Hausman test, and the results are respectively shown in Figure 8. 

 
Figure 8: Hausman test results for individual random effects. 

It can be seen from the upper part of the test output that the value of Hausman statistic is 11.25, and 
the corresponding probability is 0.0105<0.05, that is, the null hypothesis is rejected, and the individual 
fixed effect model should be established[8]. 

3.1.4 F test of model setting 

In the face of the obtained panel data, when setting the model, it is necessary to consider the 
differences between individuals of the sample data (heterogeneity), the changes in time 
(time-variability), and the effect changes (coefficient variability) of each observable influencing factor 
(namely each explanatory variable). As far as linear regression models are concerned, they are 
generally divided into two categories theoretically:A class of models with the same slope, namely the 
constant coefficient model; The other is the variable coefficient model[9]. The invariant coefficient 
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model also checks whether the intercepts are the same. 

This paper uses covariance analysis test, which mainly tests the following two hypotheses: 

Hypothesis 1: The slopes are the same at different cross-sectional sample points and times, but the 
intercepts are different. 

Hypothesis 2: The intercept and slope are the same at different cross-sectional sample points and 
times. 

Clearly, if hypothesis 2 is accepted, no further testing is necessary. If you reject hypothesis 2, you 
should accept hypothesis 1 and see if the slopes are equal. If hypothesis 1 is rejected, the variable 
coefficient model should be adopted.(It is of little significance to discuss whether the intercepts are 
equal when the slopes are not equal, because if the slopes of the cross-sectional individuals are different, 
then the model intercepts must generally be different.) 

According to the parameter constraint testing principle of the multiple linear regression model, the 
F statistic of testing hypothesis 2 is obtained: 

𝐹𝐹2 = (𝑆𝑆3−𝑆𝑆1) [(𝑛𝑛−1)(𝐾𝐾+1)]⁄
𝑆𝑆1 [𝑛𝑛𝑛𝑛−𝑛𝑛(𝐾𝐾+1)]⁄

~F[(n − 1)(K + 1), n(T − K − 1)]             (2) 

F-statistic for testing Hypothesis 1: 

𝐹𝐹1 = (𝑆𝑆2−𝑆𝑆1) [(𝑛𝑛−1)𝐾𝐾]⁄
𝑆𝑆1 [𝑛𝑛𝑛𝑛−𝑛𝑛(𝐾𝐾+1)]⁄

~𝐹𝐹[(𝑛𝑛 − 1)𝐾𝐾,𝑛𝑛(𝑇𝑇 − 𝐾𝐾 − 1)]                 (3) 

The fixed effect variable coefficient model, fixed effect variable intercept model and invariant 
intercept coefficient model were estimated respectively, and then𝑆𝑆1, 𝑆𝑆2 and 𝑆𝑆3 were calculated. 

The estimated results of the fixed effect variable coefficient model are shown in Figure 9: 

 
Figure 9: Fixed effect variable coefficient model. 

The estimated results of fixed effect variable intercept model are shown in Figure 10: 

 
Figure 10: Fixed effect variable intercept model. 

The estimated results of the model with constant intercept coefficient are shown in Figure 11. 

 
Figure 11: Intercept coefficient invariant model. 
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From the above figure, it can be seen that : 𝑆𝑆1=7839.318, S2=8712.817, S3=9463.796. 

Substituting 𝑆𝑆1, 𝑆𝑆2 and 𝑆𝑆3 into the formula, we can get: 

𝐹𝐹2 = (𝑆𝑆3−𝑆𝑆1) [(𝑛𝑛−1)(𝐾𝐾+1)]⁄
𝑆𝑆1 [𝑛𝑛𝑛𝑛−𝑛𝑛(𝐾𝐾+1)]⁄

= (9464−7839) 68⁄
7839 792⁄

= 2.4144               (4) 

𝐹𝐹1 = (𝑆𝑆2−𝑆𝑆1) [(𝑛𝑛−1)𝐾𝐾]⁄
𝑆𝑆1 [𝑛𝑛𝑛𝑛−𝑛𝑛(𝐾𝐾+1)]⁄

= (8713−7839) 51⁄
7839 792⁄

= 1.7314                 (5) 

By looking at the F distribution table, we get 𝐹𝐹0.01(68,792) = 1.50, 𝐹𝐹0.01(51,792) = 1.75. 

Because of F2 > F0.01(68,792), so the panel data problem rejects the intercept coefficient invariant 
model at the significance level of 1%. At the same time, because of 𝐹𝐹1 < 𝐹𝐹0.01(51,792), so the panel 
data problem does not reject the variable intercept model at a significance level of 1%.Generally, the 
fixed effect variable intercept model is preferred. 

3.2 Model construction 

According to the above unit root test, Hausman test and F test, in order to better estimate the 
relationship between national income growth and Gini coefficient, this paper collected the data of 18 
countries for 48 years, that is, the time T > 30. Meanwhile, in order to obtain the long-term effect of 
national income growth and Gini coefficient, Therefore, dynamic panel data model with variable 
coefficient and variable intercept (ARDL(p, q, q, q)) is adopted in this paper, that is: 

𝑦𝑦𝑖𝑖𝑖𝑖 = ∑ 𝜆𝜆𝑖𝑖𝑖𝑖
𝑝𝑝
𝑗𝑗=1 𝑦𝑦𝑖𝑖,𝑡𝑡−𝑗𝑗 + ∑ 𝛿𝛿𝑖𝑖𝑖𝑖′ 𝑥𝑥𝑖𝑖,𝑡𝑡−𝑗𝑗

𝑞𝑞
𝑗𝑗=0 + 𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                 (6) 

Among them, 𝑥𝑥𝑖𝑖𝑖𝑖 is the explanatory variable, 𝑢𝑢𝑖𝑖 is the fixed effect, 𝜆𝜆𝑖𝑖𝑖𝑖 is the coefficient of the 
lagged explained variable, and 𝛿𝛿𝑖𝑖𝑖𝑖 is the coefficient of the lagged explained variable. The regression 
results of Eviews software are shown in Figure 12. 

 
Figure 12: ARDL model regression results. 

Akaike information criterion is a standard to measure the good fit of statistical model. It is based on 
the concept of entropy, which can balance the complexity of the estimated model with the goodness of 
the model fitting data.The regression results of individual fixed effect variable intercept model obtained 
by applying Eviews software are shown in Figure 13. 
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Figure 13: Regression results of individual fixed effect variable intercept model. 

Figure 13 shows that the coefficient of per capita GDP is −0.058358 < 0, that is, the higher the 
level of per capita GDP, the lower the growth rate of national income, which conforms to the 
conclusion of Solow growth model. The coefficient of GINI is 0.333140 > 0, and the coefficient of 
GINI2 (the square of GINI) is −0.003627 < 0, which conforms to the scatter plot form in Figure 1, 
and all corresponding P values are less than 0.05, that is, all pass the t test. In addition, the coefficients 
of GDP, GINI and GINI2 are all long-term effect coefficients, that is, the long-term equilibrium 
relationship is examined. The error correction effect (adjustment effect) COINTEQ01 =
−0.927461 <1, indicating that the model is correct. 

Observing Figure 13, we can see that ARDL(2,2,2)  is the smallest, which implies that 
ARDL(2,2,2) has the best fit. 

4. Conclusions and policy recommendations 

From the general law of the 18 countries studied, with the development of economy, the income 
distribution disparity will present an "inverted U pattern", which first rises and then falls: At the 
beginning of the economic development process, especially when the national income rises from the 
lowest level to the middle level, the income distribution situation first tends to deteriorate, and then 
gradually improves with the economic development, and finally reaches a relatively fair income 
distribution situation, which is in the shape of an inverted U. 

Through the above analysis, we can see that, with the development of economy, the gap of 
residents' income distribution will continue to expand at the beginning, which is the result of various 
factors. Meanwhile, the widening of income distribution disparity also hinders economic growth. In 
order to achieve the purpose of promoting the growth of national income and improving income 
distribution, starting from the analysis results of this paper, the following policy suggestions can be 
obtained: to strengthen redistribution policies, so that redistribution can truly achieve the purpose of 
adjusting income distribution, such as the establishment of the most appropriate income tax system and 
reasonable transfer payment system, so that redistribution policies can adjust the income distribution 
gap to the maximum extent and better promote the growth of national income[10]. 
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