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The balanced and stable development among economy, society and environment is an
important research topic for any region. Given the gap between urban and rural areas,
further improving the social security system is a key issue that China urgently needs to
solve. This paper uses the autoregressive distributed lag (ARDL) model to evaluate the
implementation effect of the two-tier social security system in the Macao Special
Administrative Region (MSAR), and discusses the effect of social security expenditure
on green development. The results show that: in the long run, social security expenditure is
negatively correlated with regional economic development, but the two-tier social security
system has significantly promoted the development of the regional economy. This shows
that Macao’s two-tier social security system can be a new form of economic development.
The coupling coordinating relationship between economic growth and green development
fluctuated from 2010 to 2020. Compared to economic growth, social security expenditure
has a significant negative lag effect on green development. Therefore, the effect of social
security on promoting environmental protection and green development needs to be
optimized. Through the discussion of the relationship between Macao’s social security,
economic growth and green development, this study provides relevant practical
experience and inspiration for the economic and social green development of other region.
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1 INTRODUCTION

Urbanization is a phenomenon accompanying economic and social development (Zarghami et al., 2020).
From 1978 to 2021, China’s urban residential population increased from 172 million to 914 million, and
the urbanization rate grew from 17.92 to 64.72%. The high degree of urbanization has become an obvious
characteristic in China’s economy and society. Meanwhile, a large population of laborers is concentrated
in cities and towns, which creates clear population structure differences between urban and rural areas,
especially China’s aging population (Li and Lin, 2016; Li and Qin, 2020; Jiang et al., 2022). According to
data from the Seventh National Population Census of China, the proportions of the elderly aged 60 and
over, and 65 and over in rural areas are 23.81 and 17.72%, respectively; these values are 7.99 and 6.61
percentage points higher than in urban areas in China. Meanwhile, due to the need for urban
construction, cities have expropriated part of the rural land, which has resulted in some farmers left
behind in the countryside losing their main source of income (Hong et al., 2021). However, the rural
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migrant population is difficult to fully enjoy the urban social security
system (Cai and Yue, 2020). Differences in population structure and
economic income have aggravated the social inequality and uneven
development among urban and rural areas (Ding and Xu, 2013).

Social security adapted to the development of urbanization is
one of the most effective means to improve the above situation
(Yu and Li, 2021). This system includes social insurance, social
assistance, and social welfare, among others (Han, 2021). Social
security provides people with basic life security through wealth
redistribution, which plays an important role in adjusting
residents’ income distribution, reducing income gaps, and
guaranteeing social fairness and stability (Lu and Du, 2021).
However, just as China’s economic development is facing severe
regional disparities, there are also imbalances in the level of social
security among regions, and groups (Yu, 2018; Liu and Wang,
2021). Although urbanization can provide strong economic
security and human support for the construction of social
security system, the social situation presented by urbanization
development correspondingly puts forward new requirements for
the improvement of social security system. That is, urbanization
not only provides great opportunities for the construction of
social security system, but also brings severe challenges.

In terms of the development of China’s social security system,
social security level is closely related to economic development (Li
et al., 2020). The level of social security expenditure, which is usually
expressed as the ratio of social security expenditure to gross domestic
product (GDP) in the current year, is the core indicator used to
measure how much importance a government attaches to national
social welfare (Qi and Sun, 2020). The structure and scale of social
security contributions and expenditure have an important impact on
improving people’s sense of acquisition and happiness. This can
promote stable economic and social development and ensure that all
people can share the fruits of this growth with dignity. In related
studies, social security and regional economic growth have been
found to have synergistic effects (Wang et al., 2018), constituting a
synergistic system (Feng and Gao, 2020). As for the mechanism of
social security and economic growth, some early scholars (Laitner,
1988; Kotlikoff, 1996; Mitchell and Zeldes, 1996) argued that social
security first acts on material capital and then influences economic
growth. Later, some scholars (Jia et al., 2011; Guo and Gong, 2012;
Sun and Xiao, 2013) carried out research on this basis to further
verify this view. At present, some academics believe that social
security is conducive to educational investment and can improve
human capital thereby promoting economic growth (Li and Zhao,
2016). However, some Chinese scholars (Chen et al., 2018; Mou,
2020) reached the opposite conclusion throughmodel analysis. They
found that under the pay-as-you-go social security system, an
increase of social security payments will reduce investments of
human capital and hinder economic growth (Jia et al., 2018). In
light of the effect of social security on regional economic growth,
different scholars have obtained opposite findings based on their
respective perspectives. Fan et al. (Zhu et al., 2015; Fan and Feng,
2017) showed that social security expenditure can promote
economic growth. Zhang et al. (Zhang and Qiu, 2019) argued
that social security spending inhibits economic growth. Moreover,
some scholars (Wang and Li, 2019) established a model to analyze
the interactions among social security expenditure, economic

growth, and the income gap, and found that economic growth
can promote social security expenditure, but the level of social
security expenditure cannot significantly promote economic
growth. (Li et al., 2021) found that the benign interaction
between the two was unstable when exploring their coupling and
coordination relationship. Throughout these studies, research on the
mechanism and effect between social security level and economic
growth are abundant, but there is no consistent conclusion.
Empirical studies on regions with multiple characteristics need to
be further enriched. Meanwhile, the studies mostly explore the one-
to-one relationship between the two variables from a single
perspective. There are few studies that bring the evaluation of
social security policy and relationships of variables into one
framework. Moreover, most of the existing studies are based on
cross-sectional data, ignoring the influence of time.

Highly urbanizedMacao, as one of the regions with the highest per
capita GDP in the world, has developed an aging society earlier than
mainland China. Since its official operation in 1990, Macao’s social
security fund has been increasing its expenditure level with the
increasing aging population. To cope with this problem, the
government of the Macao Special Administrative Region (MSAR)
proposed a two-tier social security system in 2008 based on its own
practical experience. This new system includes the first layer of the
social security system and the second layer of the non-mandatory
Central Provident Fund system, which is a new idea for the
construction of the social security system. This two-tier social
security system has been implemented in Macao since 2010. Has
this policy achieved the expected results in terms of economic
development? What mechanism is used to achieve its impact? Do
social security expenditure promote or hinder the development of the
regional economy?

In order to answer the questions mentioned above, this study
explores the relationship between the social security fund and the
regional economic development of Macao and evaluates the overall
implementation effect of Macao’s two-tier social security policy
creatively and objectively by using the Autoregressive Distributed
Lag (ARDL) model and time series data from 1990 to 2019. The
findings help us to fully understand the policy choices of the Macao
government in terms of social security expenditure during the period
of the rapid increase in the aging population.Meanwhile, it is expected
to improve the understanding of the relationship between social
security system, economic development and green development
through the research results. This is of great significance to provide
experience for the improvement of the mainland’s social security
system, and can help narrow the gap between urban and rural areas
and promote green and sustainable economic development.

2 RESEARCH FRAMEWORK AND METHOD

2.1 Research Framework
Green development is a mode of economic growth and social
development that aims at efficiency, harmony and sustainability
under the constraints of resources and the environment. Green
development takes “greenization” and “ecologicalization” as the
main content of the process and results of economic activities and
emphasizes environmental protection. However, for a long time,
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there have been contradictions and conflicts between economic
growth and environmental protection (Luo and Zhang, 2020).
From the perspective of traditional economic growth forms,
industrial structure upgrading and benefit output are the main
manifestations (Li and Zou, 2018). Different industries regulate
the output of material goods or services based on market supply
and demand to influence economic development. In the
production process, the traditional economic growth mode,
while realizing multiple benefits, is often accompanied by the
consumption of material resources and the discharge of
pollutants, which has a negative impact on resources and the
environment, and then affects the transformation of society to
green development (Su and Fan, 2022) (Figure 1)

Green development needs to give priority to the transformation
of economic growth mode (Li et al., 2022). As a social policy, social
security system is not only the product of economic and social
development, but also has an important effect on economic growth.
Compared with traditional economic growth form, social security
system plays a special role in economic growth and environmental
protection. In terms of the attribute, the social security system itself
in addition to social, fairness, but also has the developmental
characteristic. Its developmental characteristic is not only to
guarantee and improve the basic living ability of residents, but
also to enhance the stable development ability of economy and
society. The social security system optimizes the allocation of social
resources, adjusts the balance of supply and demand and provides a
stable development environment by providing specific funds. The
effective social security system actually provides a regulatory tool for
the economic towards green development. This tool can help reduce
the depletion of material resources, promote environmental
protection and sustainable economic development.

2.2 Research Method
2.2.1 The Relationship Between the Development of
Social Security Fund and Economic Growth
1) Variable setting

The abbreviation AGDP represents the explained variable of
regional economic growth. Based on existing studies, the growth

rate of the per capita regional GDP is used to measure regional
economic growth (Lv and Liu, 2017). The total expenditure scale
on social security (FSS) is set as core explanatory variable and is
measured using the proportion of the MSAR’s expenditure on the
social security fund toMacao’s GDP in the same year. In addition,
D0T is the dummy variable for time; 2010–2019 are policy
implementation years for which D0T is coded 1; 1990 to 2009
are the years when the policy was not implemented, for whichD0T

is coded 0. The influence of the time trend on economic growth
after the implementation of the two-tier social security policy in
the MSAR is controlled for using this dummy variable. The
coefficient on the dummy variable represents the
implementation effect of the policy and is the focus of this
model. Some other important factors also affect the
development of the regional economy, so it is necessary to
introduce control variables to the model. In view of the
situation in the MSAR and the need to reduce the loss of
freedom in model construction, human capital (HUM) is
introduced into the model. This variable is measured by the
proportion of college students in the MSAR out of the total
regional population. Fixed capital stock (CAP) is used to measure
the impact of capital factors on economic growth; the variables
for the unemployment rate (JR) and industrial structure (STR)
indicate the economic growth pattern reflected by the industrial
structure to a certain extent. In this paper, the index of industrial
structure upgrading is expressed by the ratio of the added value of
the tertiary industry to that of the secondary industry (Gan et al.,
2011). Additional control variables are not choosed because too
many control variables may cause multicollinearity problems. In
addition, the lag time of the regional economic growth
parameters is introduced into the model, so the influence of
factors not included in the control variables on economic growth
can be considered (Gan et al., 2011).

2) Model construction

This paper studies the influence of the social security fund of
Macao on the region’s economy. TheMacao’s social security fund
was established only recently, so the data span is short. Therefore,

FIGURE 1 | Research framework.
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the problem of a small sample size must be considered when
selecting the econometric model used for the analysis. In
addition, regional economic growth is dynamic. Changes in
one factor can lead to changes in other factors, and the
influence of the former factor will be strengthened. The
economy develops following the direction of change of the
initial factors and forms a cyclic cumulative causality through
the echo effect and diffusion effect (Pesaran et al., 1996); that is,
economic growth during the early stage will affect current
economic growth. Therefore, this paper introduces dynamic
factors to explore the time effect of the economic variables. In
this study, the ARDL model was used for the empirical analysis.
The model can avoid the autocorrelation problem of a random
disturbance term due to the omission of other important
measurable and unpredictable factors (Ifa and Guetat, 2018). It
is very suitable for small-sample data (Torruam and Abur, 2014)
and its estimator is consistent and effective (Li and Shang, 2014).

The ARDL model was proposed by Pesaran, in 1996. Then in
2001, Pesaran, Shin and Smith and further improved by
introducing the boundary co-integration test period, which
was developed by constructing an autoregressive distributed
hysteresis-error correction model (ARDL-ECM) (Wang, 2009).
Therefore, this paper selects the ARDL-ECM model for the
analysis based on previous research. The ARDL model is a
least-squares regression model in which the lag values of one
or more explained variables are added as explanatory variables.
The model can usually be expressed by ARDL (p, q1, q2 ..., qk),
where k is the number of explanatory variables. The general
expression of the ARDL model is as follows:

yt � c0 +∑p
i�1
αiyt−i +∑q

j�0
βjxt−j + εt (1)

where p is the lag order of the explained variable, q is the lag
order of the explanatory variable, αi, and βj is the coefficient,
respectively.

The ARDL (p, q1, q2, q3, q4, q5, q6) model of the effect of
Macao’s social security on its regional economy is as follows:

AGDPt � c +∑p
i�1
αiAGDPt−i +∑q1

j�0
β1,j ln(FSSt−j) +∑q2

j�0
β2D0T +∑q3

j�0
β3,j ln(HUMt−j)

+∑q4
j�0

β4,j ln(CAPt−j) +∑q5
j�0

β5,j ln(JRt−j) +∑q6
j�0

β6,j ln(STRt−j) + εt

(2)

To test whether there is a long-term stable relationship
between variables in Eqs. 2, a long-term equilibrium equation
was established as follows:

AGDPt � θ0 + θ1 ln(FSSt) + θ2D0T + θ3 ln(HUMt)
+θ4 ln(CAPt) + θ5 ln(JRt) + θ6 ln(STRt) + μt

(3)

Within this,

θ1 �
∑q1

j�0β1,j
1 − ∑p

i�1αi
, θ2 �

∑q2
j�0β2,j

1 −∑p
i�1αi

, ..., θ6 �
∑q6

j�0β6,j
1 −∑p

i�1αi

The long-term equilibrium relationship among variables
reflected in Eq. 3 does not always exist. Due to the

comprehensive effect of various random factors, the deviation
from the long-term equilibrium relationship will occur in the
short term. However, the internal relationship and mechanism of
action of the system will correct such deviation (Qamruzzaman and
Jianguo, 2017). Therefore, a corresponding ECM should be
established:

ΔAGDPt � −∑p−1
i�1

αpi ΔAGDP + ∑q1−1
j�0

βp1,jΔ ln(FSSt−j) + ∑q2−1
j�0

βp2ΔD0T

+ ∑q3−1
j�0

βp3,jΔ ln(HUMt−j) + ∑q4−1
j�0

βp4,jΔ ln(CAPt−j) + ∑q5−1
j�0

βp5,jΔ ln(JRt−j)
+ ∑q6−1

j�0
βp6,jΔ ln(STRt−j) + φECt−1 + εt

(4)

where the error correction term at t−1 is:

ECt � AGDPt − [ θ0 + θ1 ln(FSSt) + θ2D0T + θ3 ln(HUMt)
+θ4 ln(CAPt) + θ5 ln(JRt) + θ6 ln(STRt) ]

(5)
The premise of the above equation is that there is a co-

integration relationship between variables, so it is necessary to
establish the boundary co-integration test regression equation of
the ARDL model (Pesaran et al., 1996):

ΔAGDPt � −∑p−1
i�1

αpi ΔAGDP + ∑q1−1
j�0

βp1,jΔ ln(FSSt−j) + ∑q2−1
j�0

βp2ΔD0T

+ ∑q3−1
j�0

βp3,jΔ ln(HUMt−j) + ∑q4−1
j�0

βp4,jΔ ln(CAPt−j) + ∑q5−1
j�0

βp5,jΔ ln(JRt−j)
+ ∑q6−1

j�0
βp6,jΔ ln(STRt−j) − δ0AGDPt−1 − α − δ1 ln(FSSt−1) − δ2D0T

−δ3 ln(HUMt−1) − δ4 ln(CAPt−1) − δ5 ln(JRt−1) − δ6 ln(STRt−1) + εt
(6)

The assumptions of the boundary co-integration test are:

H0: δ1 � δ2 � δ3 � δ4 � δ5 � δ6

H1: δ1 ≠ δ2 ≠ δ3 ≠ δ4 ≠ δ5 ≠ δ6

If the sample value of the test statistic F is higher than the
larger critical value, the null hypothesis is rejected and there is a
long-term co-integration relationship between variables. If the
sample value of the test statistic F is lower than the small critical
value, the null hypothesis cannot be rejected and there is no co-
integration relationship between variables. If the sample value of
the test statistic F is between the two critical values, it is
impossible to determine whether or not there is a co-
integration relationship between variables (Pesaran et al., 1996).

It can be seen that the boundary co-integration test of the
ARDL model breaks through the limitation that the variables
involved in the traditional co-integration test (such as the Engle
and Granger method,; the Johansen method, and the Johansen
and Juselius method, etc.) must be in the same order of
integration (Qamruzzaman and Jianguo, 2017). It also can be
seen that the variables of the ARDL model can be an I(0)
sequence or an I(1) sequence, or a mixture of the two.
Meanwhile, the ARDL model should ensure that the order of
integration of variables does not exceed 1 to avoid regression bias
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(Yi et al., 2015). Therefore, the first step of applying the ARDL
model is to conduct a unit root test on the variables.

2.2.2 The Effect of Social Security on the Green
Development
In order to further test the green development effect of the new
economic growth form, this study first identifies the coupling
coordination relationship between economic growth and green
development. On this basis, the OLS model is introduced to analyze
the effect of social security development on the green development.

1) The coupling coordination degree between economic growth
and green development

Economic growth is the key to sustainable economic
development. Most scholars believe that the connotation of
economic growth can be better reflected from the effectiveness,
stability, sustainability, innovation and sharing of economic growth
(Zhu, 2019). Therefore, the selection of indexes mainly focuses on
three aspects: economic growth strength, growth benefit and growth
mode (Table 1). Green development is a development mode that
achieves multi-target and reaches the optimal status under certain
constraints. Green development needs not only to increase the
output intensity of resources, but also to consider reducing
pollutant emission levels under the constraints of energy
conservation and emission reduction, so as to achieve sustainable
use of resources and green sustainable development (Hu et al., 2018).
The selection of indexes is based on the improvement of ecological
ability in the process of land use, the degree of green development is
mainly measured focuses on two aspects of resource input and green
output (Table 1). Meanwhile, this study uses entropy weightmethod
and coupling coordination degree model to divide the coupling
coordination level of Macao’s economic growth and green
development into 10 levels with 0.1 as equal spacing (Huang

et al., 2018; Liang et al., 2019; Liang et al., 2020): extreme
imbalance, serious imbalance, moderate imbalance, mild
imbalance, imminent imbalance, reluctant coordination, primary
coordination, moderate coordination, good coordination and high
quality coordination, so as to explore the coupling coordination level
of Macao’s economic growth and green development since the
implementation of the two-tier social security system in 2010.

2) Effect of social security fund development

Social security function is mainly embodied in social function
and economic function. Among them, the economic function is
“explicit function”, which is the expected and visible function of the
social security plan (Shen et al., 2022). This function can balance
supply, regulate investment and financing, redistribute national
income, and protect and allocate labour force; social function is
“implicit function”, which is unpredictable and invisible. Social
security improves individual fairness perception by promoting
the improvement of infrastructure and public services, and
promotes population aggregation and urban function. However,
the “implicit function” of social security cannot be ignored. On the
basis of introducing factors of social security expenditure and
economic development, this study also introduces the interaction
term of social security expenditure and economic growth to examine
whether the effect of economic growth on green development will be
affected by the level of social security expenditure. In order to explore
whether the effect of social security expenditure on green
development will lag, we introduce the lagged term of social
security expenditure into the regression model (Formula 7). The
definitions and explanations of each variable are shown in Table 2.

Sys GL � α + β1Sys EN + β2Sys ENpFSS + β3FSS + β4FSSt−1

+ e3

(7)

TABLE 1 | Economic growth and green development evaluation index system of MSAR.

Target First Grade
Indexes

Second Grade
Indexes

Unit of
Index

Index
Weight

Index
Direction

Economic
development

Economic growth
strength

Economic density Millions of Macau Pataca/km2 0.15 +
Growth rate of GDP % 0.13 +
Tertiary industry/total value of out-put % 0.10 +
Fiscal revenue Thousands of Macau Pataca 0.08 +

Economic growth
benefit

Per capital GDP Macau Pataca 0.14 +
Per capita disposable income Macau Pataca 0.14 +

Economic growth mode Import index Point (2016 = 100) 0.13 +
Export index Point (2016 = 100) 0.13 +

Green development Resource input Average water resources input per unit land area m3/km2 0.15 -
Average electricity power resources input per unit
land area

kilostere/km2 0.15 -

Average capital investment per unit land area Thousands of Macau
Pataca/km2

0.12 -

Average labour input per unit land area Thousands of population/km2 0.08 -
Green output Growth rate of sulfur oxide emissions % 0.15 -

Growth rate of greenhouse gas emissions % 0.15 -
carbon emissions/gross value of production t/Millions of Macau Pataca 0.2 -
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2.3 Data Resources
Taking into account the official operation of the Macao’s social
security fund in 1990, the data selected cover the period from 1990
to 2019. Among the selected data and indices, the growth rate of
per capita GDP, fixed capital stock, and other data come from the
World Development Indicators database of theWorld Bank. Social
security expenditure data are derived from the International
Monetary Fund Database of Government Finance Statistics; the
data of human capital, industrial structure, the unemployment rate,
economic density, regional GDP growth rate and other economic
growth variables, as well as average water resources input per unit
land area, average electricity power resources input per unit land
area and other green development variables are come from the
Macao Statistics and Investigation Bureau; the data of sulfur oxide
emission growth rate, greenhouse gas emission growth rate and
carbon emission in the green development index system are from
the annual environmental status report of Macao environmental
protection agency. The descriptive statistics for each variable are
shown in Table 3. According to the mean and standard deviation
of each variable, the data are evenly distributed and can carry out
good empirical test.

3 RESULT ANALYSIS

3.1 Analysis of the Contribution to Economic
Growth
Considering that the selected variables are constructed using time
series data and most are economic data, we first take the
logarithm of the selected data before conducting the empirical
analysis to eliminate the influence of heteroscedasticity.
Therefore, part of the data in this ARDL model are calculated
as the logarithm of the original data.

3.1.1 Unit Root Test
Before analyzing the data, a unit root test should be carried out to
verify the data’s stability. In large samples, the Augmented
Dickey-Fuller (ADF) test is effective (because of the limit
distribution); in small samples, however, the test effect
decreases significantly (Fang and Zou, 2007). In view of the
small sample size of this study, the method suggested by
Zhang Hui is used (Zhang, 2020). The unit root test is mainly
based on the Dickey-Fuller Test with GLS Detredding (DF-GLS
test), and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS)

TABLE 2 | Variable definition and explanation.

Variable Definition Explanation

Sys_EN Economic growth level Calculation of economic development index by entropy method
Sys_GL Green debelopment level Calculation of green development index by entropy method
FSS Social security development level Proportion of social security expenditure in GDP
Sys_EN*FSS Interaction term between economic development and social security Multiplication of economic growth level and social security development level

TABLE 3 | Variables and their descriptive statistics.

Variables Description Data Resource

AGDP Per capita GDP growth rate of MSAR World Development Indicators database of the
World Bank

FSS The proportion of Macao’s social security fund
expenditure in regional GDP

International Monetary Fund Database of
Government Finance Statistics

D0T Dummy variable of policy implementation time 2010–2019 are the years of policy
implementation, D0T = 1; 1990–2009 are the
years when the policy was not implemented, D0T

= 0
HUM Proportion of college students in Macao to regional

population
Macao statistics and Investigation Bureau

CAP Fixed capital stock World Development Indicators database of the
World Bank

JR The proportion of the unemployed population in labor
force

Macao statistics and Investigation Bureau

STR Added value ratio of tertiary industry to secondary industry
in Macao

Macao statistics and Investigation Bureau

Mean Standard Deviation Min Max

AGDP 3.7937 9.0977 −23.0421 23.5581
FSS 0.4103 0.2979 0.0900 1.0483
HUM 3.3673 1.3641 1.4789 5.3130
CAP 3.36E+10 2.78E+10 5.07E+09 8.92E+10
JR 3.4363 1.5991 1.7000 6.8000
STR 11.3385 6.9382 4.3609 25.8661
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method is used as an auxiliary and supplementary explanation.
The results of the DF-GLS unit root test (Tables 4)and the KPSS
unit root test (Table 5) show that the variables are stationary
sequences that can be used for further empirical analysis.

3.1.2 Autoregressive Distributed LagModel Estimation
This study uses Eviews 9.0 for the empirical analysis. The specific
operations are as follows. First, the error correction model (ECM)
corresponding to the ARDL model is established, and the
F-statistics in the ECM model are calculated to determine
whether there is a long-term stable relationship between
variables. Then ARDL model is used to estimate the
coefficient of the long-term relationship between variables. In
addition, the study shows that in the case of large samples, the
selection of the lag term of the ARDL model should be based on
the SBC criterion; but in the case of small samples, the AIC
criterion is better (Yi et al., 2015). Considering the small sample

size of the data used in this study, according to the AIC criterion
set, the optimal ARDL model is ARDL (2, 2, 1, 2, 2, 2, 1). To
further determine the fitting effect of the model, the
autocorrelation test of its residual sequence is needed. If the
residual sequence is a white noise sequence—that is, the sequence
shows the characteristic of pure randomness—this indicates that
the model has a high fitting degree and can fully extract the
relevant information in the sequence without a need for
secondary information extraction of the residual. On the
contrary, if there is a significant autocorrelation in the residual
sequence, it is necessary to extract the secondary information of
the residual to improve the accuracy of the model’s fit.

Based on this, the Breusch–Godfrey method is used to test the
residual autocorrelation of ARDL (2, 2, 1, 2, 2, 2, 1). The null
hypothesis is that there is no residual autocorrelation in the
sequence. The test results (Tables 6 and 7) show that the Chi-
square distribution of the p-value is 0.6305, greater than the 5%

TABLE 4 | DF-GLS unit root test.

Variable Original Sequence First-Order Difference Sequence

Test Type (C, T, N) Statistic Test Type (C, T, N) Statistic Conclusion

AGDP (1,0,0) −3.3960** (1,0,0) −5.9317*** I (0)
(1,1,0) −3.3949** (1,1,4) −4.5620***

Ln(FSS) (1,0,0) −3.2678*** (1,0,0) −5.6141*** I (0)
(1,1,0) −3.2705** (1,1,0) −5.8488***

Ln(HUM) (1,0,4) −0.6595 (1,0,4) −2.0211** I (1)
(1,0,4) −1.0492 (1,0,3) −4.9819**

Ln(CAP) (1,0,0) −2.4011** (1,0,0) −5.2131*** I (1)
(1,1,0) −2.4763 (1,1,0) −5.2531***

Ln(JR) (1,0,0) −3.9415*** (1,0,0) −6.0901*** I (0)
(1,1,0) −4.1002*** (1,1,0) −6.6520***

Ln(STR) (1,0,1) −4.1023*** (1,0,0) −5.5711*** I (0)
(1,1,1) −4.1301*** (1,1,0) −4.5331***

Note: The components in (C, T, N) represent the constant term, trend term, and lag order, respectively. A value of 1 denotes that there is a constant term or trend term, and a value of 0
denotes no constant or trend term. The lag order is determined by the SIC, minimum criterion; the null hypothesis of the DF-GLS, unit root test is that there is a unit root in the variable. *, **,
and *** represent rejection of the null hypothesis at the 10, 5, and 1% significance levels, respectively.

TABLE 5 | KPSS unit root test.

Variable Original Sequence First-Order Difference Sequence

Test Type (C, T, W) Statistic Test Type (C, T, W) Statistic Conclusion

AGDP (1,0,2) 0.1130 (1,0,10) 0.1677 I (0)
(1,1,2) 0.1136 (1,1,10) 0.1508**

Ln(FSS) (1,0,0) 0.1045 (1,0,27) 0.5000** I (0)
(1,1,0) 0.1054 (1,1,27) 0.5000***

Ln(HUM) (1,0,2) 0.2250 (1,0,1) 0.1088 I (1)
(1,0,2) 0.1700** (1,0,0) 0.0203

Ln(CAP) (1,0,2) 0.0711 (1,0,5) 0.0955 I (0)
(1,1,2) 0.0736 (1,1,5) 0.0946

Ln(JR) (1,0,0) 0.2641 (1,0,15) 0.2737 I (0)
(1,1,2) 0.0847 (1,1,15) 0.2624***

Ln(STR) (1,0,4) 0.0555 (1,0,11) 0.1898 I (0)
(1,1,4) 0.0545 (1,1,10) 0.1603**

Note: The components in (C, T,W) represent the constant term, trend term, andwidth of band, respectively. A value of 1 denotes that there is a constant term or trend term, and a value of 0
denotes no constant or trend term. The lag order is determined by the SIC, minimum criterion; the null hypothesis of the KPSS, unit root test is that the variables are stable. *, **, and ***
represent rejection of the null hypothesis at the 10, 5, and 1% significance levels, respectively.
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significant level. Therefore, we cannot reject the null hypothesis.
The model residual is a white noise sequence, indicating that
ARDL (2, 2, 1, 2, 2, 2, 1) has extracted most of the data
information, and the model has high accuracy. The F-statistic
of the tested sample is 5.1931, which is greater than the upper
limit of the critical value of the 1% significance level; therefore, the
null hypothesis (that there is no long-term co-integration
relationship between variables) is rejected.

The ARDL-ECM model estimation (Table 8) for the short-term
deviation adjustment of the long-term equilibrium relationship of the
response system also shows the impact and influence of the short-
term changes of the independent variables on the regional economy.
Meanwhile, the coefficient of the long-term equilibrium relationship
between per capita GDP and the other variables (Table 9) further
shows that: in the process of using the ECM for short-term
adjustment, the coefficients on the explained variable lagged by
one period are significant. This shows that regional economic
growth has a significant lag effect, and that the dynamic model
used in this paper is appropriate. The coefficient on the virtual variable
(D0T), used tomeasure the policy effect, is not obvious, indicating that
the economic growth has not improved significantly in the short term

after the implementation of the two-tier social security system. In
addition, the coefficient on the error correction term (CointEq (−1)) is
negative and significant, indicating that the deviation of the system
from the long-term equilibrium is significantly adjusted to the
equilibrium position, which also proves the existence of a long-
term equilibrium relationship between variables.

3.1.3 Stability Test
The stability of the model parameters is tested using the residual
cumulative sum (CUSUM) test and the residual cumulative sum
of squares (CUSUM of squares) test. CUSUM was proposed by
Page based on maximum likelihood ratio (Page, 1954). CUSUM
uses representative approximate value to replace the original data,
mean value, range or standard deviation to record data. By
continuously accumulating deviations, CUSUM continuously
enlarges small changes, so as to give early warning of model
deviations. CUSUM can more sensitively detect the small
deviation of the model, which is particularly advantageous
when the number of samples is small (Wang et al., 2021). The
CUSUM and CUSUM of squares test results drawn by Eviews 9.0
are shown in Figures 2, 3. The horizontal axis represents the
specific year of the time interval of the investigation period, and
the vertical axis represents the cumulative deviation of the
sample. The red dotted line represents the boundary interval
of the 5% significance level. It can be intuitively seen from the two
figures that the sum of sample residuals did not deviate from the
boundary range in the whole study period. The results show that

TABLE 6 | Breusch–Godfrey test.

F-Statistic 0.106,131 Prob. F (2,6) 0.9010

Obs*R2 0.922,540 Prob. Chi-square (2) 0.6305

TABLE 7 | Bounds testing approach to co-integration.

Significance Level 10% 5% 1%

Critical value I (0) I (1) I (0) I (1) I (0) I (1)
2.12 3.23 2.45 3.61 3.15 4.43

F-value 5.1931***
Conclusion Long-term co-integration relationship exists

Note: *** indicates that the null hypothesis is rejected at the 1% significance level.

TABLE 8 | Error correction and short-term adjustment.

Variable Coefficient Std. Error t-statistic Prob

D(AGDP(-1)) −0.5445*** 0.1524 −3.5721 0.0073
D(Ln(FSS)) −0.0438 0.0580 −0.7555 0.4716
D(Ln(FSS(-1))) 0.1835** 0.0640 2.8683 0.0209
D(D0T) 6.2752 7.0163 0.8944 0.3972
D(Ln(HUM)) −13.9636*** 0.1215 −114.9285 0.0000
D(Ln(HUM(-1))) −0.1515 0.0995 −1.5225 0.1664
D(Ln(CAP)) −0.1438 0.0874 −1.6462 0.1384
D(Ln(CAP(-1))) 0.0861 0.0587 1.4665 0.1807
D(Ln(JR)) 0.2097* 0.1109 1.8914 0.0952
D(Ln(JR(-1))) −0.0860 0.1431 −0.6009 0.5646
D(Ln(STR)) 0.5244*** 0.0639 8.2123 0.0000
CointEq(-1) −0.8675** 0.2690 −3.2248 0.0122

Note: D represents the first-order difference; *, **, and *** represent significance levels of
10, 5, and 1%, respectively; CointEq (−1) is the error correction term. CointEq = AGDP –

(−0.2481*DFSS + 20.1058*D0T −15.3247*DHUM −0.6706*DCAP + 0.6173*DJR +
1.1075*DSTR + 0.1929).

TABLE 9 | Long-term equilibrium coefficient.

Variable Coefficient Std. Error t-statistic Prob

Ln(FSS) −0.2481** 0.1023 −2.4252 0.0415
D0T 20.1058** 7.5909 2.64866 0.0293
Ln (HUM) −15.3248** 4.7571 −3.2214 0.0122
Ln(CAP) −0.6706* 0.3042 −2.2045 0.0586
Ln(JR) 0.6173 0.3627 1.7023 0.1271
Ln(STR) 1.1075** 0.2888 3.8344 0.0050
C 0.1929 2.7533 0.0701 0.9459

Note: *, **, and *** represent significance levels of 10, 5, and 1%, respectively.

FIGURE 2 | CUSUM test results.
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the regression parameters estimated by the model are reliable in
study period, and the deviation is relatively small; that is, the
regression coefficients are stable in the study period.

3.1.4 Effect of Social Security Fund Development on
Economic Growth
In the estimation results of the long-term equilibrium relationship,
the most important coefficient to measure the policy effect—the
coefficient on the time dummy variable D0T—is positive and
significant, indicating that the economic growth rate has
significantly improved after the implementation of the two-tier
social security policy in the MSAR. In addition, through the
piecewise regression of data before and after the
implementation of the policy, the results show that, before the
implementation of Macao’s two-tier social security system in 2010,
the coefficient between Macao’s social security fund expenditure
and per capita GDP is negative and significant. This suggests that,
before the implementation of the policy, social security expenditure
hindered economic development, a conclusion that is consistent
with previous studies (Chen et al., 2018; Mou, 2020). After the
implementation of the policy, the coefficient between social
security fund expenditure and per capita GDP is positive, which
further verifies the estimation results of the long-term relationship.
The two-tier social security system can promote economic growth
as a new form of economic development.

The continuous optimization and upgrading of industrial
structure are important parts of modern economic growth. The
coefficient on industrial structure in the estimation results is positive
and significant, indicating that the relative growth of the service
industry in the MSAR is mainly due to the modern service industry.
At the same time, themodern service industry has greatly stimulated
the economic growth of the region, with gambling and tourism as
the pillars. The structural optimization degree of human capital as a
kind of production factor also affects the speed of economic
development. With faster economic development, advanced
human capital has not only higher labor productivity, but also
greater knowledge spillover. Because of the stronger ability to benefit
from element agglomeration, upgrading human capital structures
can promote economic growth (Zong and Zhou, 2015). However,
human capital cannot promote the economy independently, but

needs to be matched dynamically with the industrial structure to
take effect. Industrial structure has a demand effect on the human
capital structure, and different industries have different demands on
the quality and quantity of human capital. The optimization of the
human capital structure should be driven by the demand of
industrial structure and the supply of education and training.
This demand and supply are relatively independent of each
other, leading to a possible mismatch between the two (Chen
and He, 2020). Therefore, the human capital coefficient in
Table 9 is negative and significant, indicating two possible
problems. First, with the expansion of human capital, the input
of other production factors failed to expand synchronously. Second,
with the upgrading of the industrial structure, the market demand
for innovative and technical talents increased, while the current
human capital structure struggles to adapt to market demands, thus
dragging down economic growth.

Fixed capital stock is an important factor affecting socio-
economic efficiency; it reflects the degree of government’s
material capital input. Under the law of the diminishing
marginal effect, material capital cannot maintain sustained
economic growth, and technological innovation can promote
sustained economic prosperity. The empirical results show that
the fixed capital stock has a significant negative effect on
economic growth in the MSAR, indicating that the mode of
driving growth through material capital input has become invalid
and even hindered the improvement of economic growth to a
certain extent. The unemployment rate has no significant impact
on the regional economy, suggesting that fluctuations of the regional
economy can break through the constraint of “Okun’s Law” when
high social welfare is present. The rise of the unemployment rate will
not lead to an economic recession, which also proves the superiority
of the two-tier social security system in the MSAR.

3.2 Analysis of Green Development Effect
3.2.1 Change of Coupling Coordination Relationship
Between Economic Growth and Green Development
As can be seen from Table 10, the coupling coordination degree
index of Macao’s economic growth and green development from
2010 to 2020 shows an overall trend of first increasing and then
decreasing, with obvious volatility. Specifically, Macao’s economic
growth and green development in 2010, 2014 and 2018 was
moderate coordination. The relationship between the two was
good coordination from 2011 to 2013. Moderate imbalance was
observed in 2015, and the situation improved in the following
2 years. After 2018, the coupling coordination degree between the
two systems declined sharply. Although it briefly reached reluctant
coordination in 2019, the coupling coordination degree in 2020
was only 0.236, the lowest level in the study period. This also shows
that Macao’s economic growth is rising but not accompanied by
green and sustainable development. It is also affected by the
traditional economy in terms of resource input and green
output, and needs to seek new economic forms in the future.

3.2.2 Effect of Social Security Fund Development
It can be seen from Table 11 that the impact of social security
expenditure on green development is not significant in the current
period, but its lag term is negatively significant, indicating that the

FIGURE 3 | CUSUM of squares test results.
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negative effect of Macao’s two-tier social security system on green
development is lagging. Economic growth has a significant positive
effect on green development, and the effect is large. It can be
concluded that there are significant differences between the effect
of social security expenditure and economic growth on green
development. At the same time, the interaction term between
social security expenditure and economic growth has a significant
negative effect on green development, but the influence coefficient is
small, indicating that with economic growth, the increase of social
security expenditure will hinder green development to some extent.
Therefore, it is urgent to optimize the regulation of social security
system in order to give full play to its green development effect.

Limited by natural conditions, Macao presents the
characteristics of resource scarcity, limited carrying capacity
and highly compatible and high-density land resource
utilization (Cui et al., 2014). With the rapid social and
economic development, the living standard of residents is
constantly improved, so the requirements for ecological
environment quality are also increased. Therefore, economic
growth plays a positive role in the protection of
ecological space. However, the neglect of environmental
protection by social security expenditure to some extent is not
conducive to green development in the long run.

4 DISCUSSION

4.1 Research Findings
This study uses ARDL model to discuss the relationship between
social security fund and economic development, and objectively test

the economic green development effect of the two-tier social security
policy in Macao Special Administrative Region. The results show that
the two-tier social security system can promote green development as
a new form of regional social and economic development. This is a
strong supplement to the existing research systemon the development
of social security system, and provides a theoretical basis for solving
the problems associated with the fundraising and operation mode in
the integration of urban and rural social security inChina. At the same
time, it can also provide important reference for China and even other
regions in the world to shape the new form of economic development
with social security system.

One of the important means to improve regional ecological
environment and achieve green development is to increase
government expenditure on environmental protection (Jiang,
2018). According to the results, it can be found that social
security has a negative lag effect on green development. The
main reason may be that social security has the characteristics of
“rigidity”. This characteristic is that social security expenditure is
easy to rise and not easy to fall, and does not depend on the
economic cycle and fluctuates with a rising long-term trend, that
is, “welfare rigidity” (Shaoan et al., 2019). Social security projects
in the MSAR are numerous and the level of payment continues to
rise. Excessive social security expenditure will inevitably have a
crowding-out effect on other public expenditure, which makes
insufficient expenditure on ecological environment protection
and economic green development. This deficiency is reflected in
the negative correlation between social security and green
development. Social security allocates public resources
rationally by means of national legislation to ensure that the
basic livelihood of workers is not affected in the face of
unemployment, old age, illness, childbirth, industrial injury,
and natural disasters. Moreover, social security also guarantees
the basic survival of people with no or low income in order to
maintain social fairness and welfare and improve quality of life
(Lv and Liu, 2017). At present, China’s economic and social
development has shifted from a stage of high-speed growth to one
of high-quality development. It is urgent to establish a social
security system compatible with economic and social
development. And Macao’s two-tier social security system also
inspires us to attach importance to the needs of different groups
and coordinate different levels of social security.

TABLE 10 | Changes of coupling coordination degree between Macao’s economic growth and green development.

Year Coupling Degree Coordination Degree Coupling Coordination Degree Relationship

2010 0.892 0.682 0.780 moderate coordination
2011 0.995 0.679 0.822 good coordination
2012 0.990 0.692 0.828 good coordination
2013 0.966 0.787 0.872 good coordination
2014 0.874 0.628 0.741 moderate coordination
2015 0.318 0.193 0.248 moderate imbalance
2016 0.646 0.244 0.397 mild imbalance
2017 0.643 0.356 0.478 imminent imbalance
2018 0.921 0.579 0.730 moderate coordination
2019 0.862 0.410 0.594 reluctant coordination
2020 0.347 0.161 0.236 moderate imbalance

TABLE 11 | Regression results.

Variable Regression Coefficient

Constant -0.099 (-1.048)
Sys_EN*FSS -0.065** (-2.860)
Sys_EN 0.880** (5.038)
FSSt-1 -0.454** (-3.868)
FSS 0.029 (0.563)

Note: Sys_GL, is the dependent variable; *, ** and ** are significant levels of 10, 5 and 1%
respectively.
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There are also some limitations in this study. First, there is a
lack of analysis on the path of two-tier social security system
affecting economic development, and a lack of discussion on the
interactive effects of different factors on economic development.
Second, the mechanism of social security system green promoting
economic development has not been deeply explored. In the
future, further research will focus on the coordinated
development of social security, economic growth and
ecological environmental protection.

4.2 Policy Implications
According to the results of this study, the following policy
suggestions are proposed for implementing social security as a
new form of economic development for the rapid urbanization of
mainland China and even the world.

First, governments should establish a non-mandatory social
security fund to supplement the current social security system.
Individual funding is open to residents and managed by eligible
fund management entities. Investment in the non-mandatory
social security fund can provide more adequate protection for
urban and rural residents.

Second, it is important to regulating the scale of social security
revenue and expenditure, and reduce the burden of government
fiscal expenditure on the premise of playing its role in promoting
economic growth. Meanwhile, the government should increase
support for the green development of urban environment and
formulate a scientific budget for environmental protection. Give
full play to the regulating role of social security expenditure on
regional economy and green development to promote the
coordinated development of economy and environment.

Third, leaders should optimize the industrial structure and capital
investment direction. They should reduce financial support for
outdated industries to gradually eliminate excess backward
production capacity. Combined with the regional advantages of
different regions, resources should be concentrated in the direction
of refinement, service, and green development.

In addition, different cities have different problems and
advantages in coordinating the relationship between regional
economy and ecology due to their differences in resources,
location and environmental conditions. Therefore, the city should
take corresponding solutions according to its own actual situation.

5 CONCLUSION

Based on the time-series data of the MSAR from 1990 to 2019,
this paper constructs an ARDL model to quantitatively analyze
the effect of social security expenditure on economic growth. The
empirical results indicate several findings. First, the influence of

the two-tier social security policy, social security expenditure, and
other control variables on economic growth has a time lag.
Second, in the long run, social security expenditure has a
negative and significant impact on the per capita economic
growth rate, while the two-tier social security policy has a
positive and significant effect on economic growth. This
demonstrates the effectiveness of the two-tier social security
policy. Third, Macao’s industrial structure is positively
correlated with economic growth, indicating the necessity of
China’s reform and optimization of industrial structures.
Fourth, fixed capital stock has a significant negative impact on
Macao’s economic growth; that is, material capital investment has
been unable to promote economic development. The effects of
technological innovation on promoting economic development
should be emphasized. Fifth, human capital has a significant
inhibitory effect on economic development. A possible reason is
the asymmetry between the supply side and the demand side of
the labor market and the weak matching of other production
factors. Sixth, the coupling coordination relationship between
economic growth and green development fluctuates from 2010 to
2020. The implementation of the two-tier social security system
has a negative lag effect on green development to a certain extent.
The positive role of social security in green development should
be further activated in the future.
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