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Abstract: The purpose of this article is to screen out the most important factors affecting China’s
economic growth. Based on a literature review and relevant financial theoretical knowledge, China’s
economic growth factors are selected from international and domestic aspects. Four methods,
including least squares estimation, stepwise regression, ridge regression estimation, and Lasso
regression, are used to screen and optimize 12 variables and analyze the degrees of influence
empirically. The study finds that consumption levels and the development of the tertiary industry
play significant roles in promoting China’s economic growth. Additionally, financial development
and industrialization promote China’s economic growth, although in a gradual manner.

Keywords: sustainable economic growth; least squares estimation; stepwise regression; ridge regres-
sion estimation; Lasso regression; China

1. Introduction

The popularity of the new or endogenous growth theory spearheaded by [1,2] and the
marvelous development of East Asian economies have accelerated in recent years. This
rapid growth and development has contributed to a flood of empirical investigations using
the new growth theory to explain the diverse financial advancement in East Asia. Some ex-
amples of researchers whose work significantly contributes to this critical field include [3,4].
Economic experts have used many factors to determine economic growth [5]. According
one study, “no evaluation of East Asian economic growth would be comprehensive without
taking China’s performance into account” [5]. The purpose of this recent study was to
screen out the most salient factors among those that affect China’s economic growth. Extant
studies and relevant financial theoretical knowledge have indicated that China’s economic
growth factors are influenced by international and domestic aspects [6]. Additionally,
different methodologies have been used to analyze various economic factors in China,
which are in agreement with the methods applied in this study, including least squares
estimation, stepwise regression, ridge regression estimation, and Lasso regression [7,8]

Since China’s reform and opening up of its market-based economic system, an unpar-
alleled “Chinese miracle” of global economic development has occurred. As the world’s
largest developing country, China’s economy has shifted from a rapid growth stage to an
economy revolving around high-quality products. China is in a critical period of transfor-
mation revolving around optimization of its economic structure and growth. The path for
and logic behind this economic growth and transformation in eastern, central, and western
China have been different to the rest of the country [9]. By 2020, China has to achieve posi-
tive economic growth across its major sectors [5]. According to the International Monetary
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Fund, China’s current economic growth pattern gives credence to the earlier forecasts made
by some researchers [5,10]. Regardless, the total GDP has reached a historic breakthrough
point at up to one hundred trillion yuan annually, meaning China’s economy can be said
to be “thriving” globally. Additionally, in 2020, China became one of the major economies
globally to achieve positive economic growth, with a meaningful breakthrough in total
GDP of one trillion RMB [11].

Under the double impact of trade protectionism and the novel coronavirus (COVID-
2019) epidemic, the world’s major economies were characterized by “high debt, high
interest rates, high inflation, and low growth” in 2020. In 2021, as the novel coronavirus
epidemic continues, the uncertainty and downward pressure on global economic growth
are increasing [12].

During the outbreak of the international financial crisis, China’s economic growth
generally showed a continuous decline, after which the growth path begun to gradually
shift to an L-shape [13]. Conversely, China’s economy has made world-renowned achieve-
ments in the face of the complicated and complex international situations and severe and
challenging domestic reforms, development, and stability issues, especially the severe
impacts of the new pneumonia epidemic.

Notwithstanding the above, some problems cannot be ignored. Due to the base effect
of economic growth, with the same growth momentum, the larger the base is, the lower the
speed is; the resilience of the industrial structure needs to be further improved. Moreover,
the long-term reliance on the scale expansion of factor inputs to drive economic growth
is no longer sustainable, as the income distribution gap between residents has widened.
Therefore, it is of great practical importance and theoretical value to explore in-depth the
main factors affecting China’s economic growth and the extent of their influence.

This current study is structured into six sections. Section 1 gives a brief introduction
to the present study. Section 2 outlines the literature. Section 3 covers the materials and
methods. Section 4 covers the results and discussion. Section 5 presents a comparative
analysis of the variables selected based on the four methodologies and Section 6 outlines
the conclusions of the study.

2. Literature Review

The strong driving force of the Chinese economy has played an essential role in devel-
oping the global economy. Government policies enhance growth if geared toward ensuring
more market competition and maintaining innovation in products and services within
an economy. Economic growth is defined as an appreciation in the value of a country’s
economic goods and services, which results in increased financial gain for enterprises.
Stock values increase substantially, providing businesses with extra capital to invest and
employ more people. GDP has the limitation of not accounting for environmental cost.
Expansionary monetary and fiscal policies could contribute to deficit spending, increased
public debt, and slower economic growth.

Thus, the critical determinants of economic development, including human resources,
natural resources, capital formation, and technology, are adequately harnessed to yield
development. According to the economists, these policies of the various stakeholders
are attributed to a series of relevant theories in comprehending the economic factors that
drive economies. The most widely used economic growth theories that help explain a
nation’s economic growth are the classical growth theory, endogenous growth theory, and
neoclassical theories [14]. This present study was founded on these ideologies, which
helped in selecting and analyzing the study indicators. According to the classical growth
theory, a nation’s economic growth slows down as its population grows and resources
become scarce. Such a presupposition is indeed an implicit assumption of the classical
growth concept, indicating that a temporary increase in real GDP for every individual
invariably leads to a rising population, limiting a country’s resources, and as a result
reducing real GDP. As a consequence, the economic growth rate of the country will begin
to decline [15].
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Additionally, the fertility rates in most developed countries and some developing
countries are at a sub-replacement state, leading to concerns about the sustainability of
economic growth in these countries. However, the studies by Brander and Dowrick [16]
posited that the population growth rate is positively correlated with economic growth.
Xu et al. [17] constructed a generalized ridge–partial least squares regression method and
selected 12 variables to analyze the factors affecting China’s economic growth from 1980
to 2000. Their research conclusions showed that population growth hindered China’s
economic growth. The aging population would lead to a decline in economic develop-
ment, a severe problem that China is facing [17]. However, there could be long-term
coexistence between population decline and sustained economic growth [18]. In addition,
well-educated elderly individuals can positively influence China’s economic growth and
partly alleviate the adverse effects of population aging. Therefore, the potential positive
effects of population aging cannot be ignored [19].

Studies on the relationship between population growth rate and economic devel-
opment have been conducted by academics, demonstrating that the population growth
rate in China has stabilized in recent years [20,21]. The long-run growth rate of output
per capita can be positive regardless of whether the population growth rate is positive
or negative, depending on the conditions. Sustainable economic growth can be achieved
even in an economy with non-renewable resources and a declining population [22]. With
the implementation of China’s family planning policy, the population growth rate has
stabilized, as described earlier; hence, this study does not include population growth as an
explanatory variable.

Chen and He [23] performed an investigation from 2000 to 2010 in China, using
gray correlation analysis to empirically analyze the factors influencing China’s economic
growth and designing a gray correlation ranking table. The empirical results showed that
domestic trade development has the most significant impact on China’s economic growth.
The country’s financial institutional arrangements and trade flow considerably improved
economic growth [17]. There was a causal relationship between China’s economic growth
and foreign trade, and both in the long-term or in the short-term, China’s import growth
and export growth were important reasons for GDP growth [24]. In countries and regions
such as China and India, foreign trade significantly promoted economic growth, and
imports and exports were conducive to adjusting the industrial structure [25]. Based on the
data for prefecture-level cities in China, the empirical test of the impacts of international
trade on the regional economic growth rate showed that the effects of international trade
on China’s economic growth rate were positive, and that these impacts would increase
significantly over time [26]. Trade opening improved capacity utilization considerably,
promoting capital deepening and economic growth [27].

In adopting the ordinary least squares method to study the relationship between trade
and economic growth, the study showed that the geographic characteristics had an essen-
tial impact on trade and indirectly affected economic growth [28]. Regional differences
in China over 1997–2009 were analyzed to consider the impacts of export complexity on
economic performance. The study showed that financial gains were limited to ordinary
export activities carried out by domestic firms. At the same time, there were no direct gains
from either processing trade activities or foreign firms [29]. The interactions between trade
openness, innovation, financial development, and economic growth in 27 OECD coun-
tries over the period 2001–2016 were studied using a panel vector autoregressive model.
The results showed a two-way relationship between economic growth and trade [30]. By
studying the relationship between the bilateral trade openness and per capita GDP of 15
Latin American countries during the 2008 financial crisis, it was found that when only
Latin American countries were considered, there was a slight positive relationship between
trade openness and growth relationships [31,32]. The positive shock of trade openness
has a positive impact on the economic growth of most countries. Therefore, it was recom-
mended to implement more trade liberalization policies to maximize the benefits from
trade openness [33]. There is a one-way relationship between trade and economic growth.



Appl. Sci. 2021, 11, 10832 4 of 21

Policymakers should improve the quality of the system and the regulatory environment to
obtain more benefits from trade opening [34]. This suggests that import and export trade
has a significant effect on economic growth. Therefore, this article includes total import
and export trade as an explanatory variable to measure China’s economic growth.

Based on a gray correlation analysis method with an input–output efficiency model
of the analysis, Guo Yue [35] concluded that the investment push has made a more out-
standing contribution to China’s economic growth in the past three decades. Within the
context of global production networks, FDI inflows have driven China’s economic growth,
with positive technology spillover effects on domestic firms [36]. The relationship between
FDI and the economic development of coastal and mid-western regions was examined
using OLS statistical regression methods. The empirical results concluded that FDI posi-
tively impacted China’s regional economic growth; the comparison between coastal and
mid-western regions illustrated that the gradient opening policy was an essential fac-
tor in the significant difference between FDI in coastal and mid-western China [37]. An
empirical analysis of the relationships between FDI, tourism, and economic growth in
small economies using a panel threshold model found that FDI contributes to economic
growth occurs only under certain conditions, with the scale of tourism being one of the
economic pillars.

When the scale of island tourism reached a certain threshold, it brought about the
expansion of local capital demands, human capital accumulation, infrastructure improve-
ments, and industrial base formation before FDI influenced economic growth through
technology spillover effects [35]. The cointegration test and VECM causality test were used
to explore the associations between FDI inflows, service trade (exports and imports), and
economic output. The causality results indicated two-way causal relationships between
FDI and economic output and between service exports and economic output [38]. Based on
a new economic growth theory framework, the impacts of foreign direct investment (FDI)
and exports on economic growth in 25 economies in the CSEE region during 1990–2005
were studied using a dynamic panel approach. The study showed that FDI positively and
significantly impacted economic growth [39]. It focused on the multi-criteria application of
FDI and sustainability factors (CSR spending) in different developing countries to explore
the impacts on sustainable economic development and decision making. The findings
suggested that FDI had a significant positive effect on economic development [40,41].
FDI was a potentially important contributor to the economic growth and development
of small-island developing states (SIDS) and was an important source of investment [42].
Countries’ long-term growth depends on further co-development and coordination of FDI
and trade opening policies [43].

From the above, it is evident that the role and mechanism of the impacts of foreign
direct investment on economic growth need to be studied in depth. Based on the endoge-
nous economic growth model, Zhile [44] analyzed China’s economy in the new normal,
pointing out that the tertiary industry is the main force driving economic growth. The
analysis shows that factor inputs such as capital and labor are essential for overall Chinese
economic growth. In adopting the asymmetric component ARCH model as an analytical
tool, the test results showed that the stabilizing effects of urbanization and the tertiary
industry on the macro economy are significant. Therefore, it is necessary to vigorously
promote urbanization, develop the tertiary industry, and give full attention to the driving
effects of urbanization. The tertiary industry has improved the quality of economic devel-
opment [45]. A study was performed based on China’s statistical data from 2007 to 2017,
studying the absolute and relative scales of the industry structure and regional structure
of the tertiary industry tax revenue. The results showed that China’s tertiary industry
tax contribution had comprehensively surpassed other industries and became a stable tax
source for Chinese government tax revenue [46].

Another study examined the spatial patterns and economic impacts of knowledge-
intensive business services (KIBS) in US metropolitan statistical areas (MSAs), suggesting
that KIBS could be an economic driver in US MSAs and that urban practitioners should
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develop policies for KIBS to promote regional economic growth [47]. Several causal config-
urations of environmental factors favor the development of knowledge-intensive activities
(KIAS), which is an essential component of innovation. In turn, innovation drives economic
growth and regional development [48]. Manufacturing firms and knowledge-intensive
business service firms were interdependent, which drove regional development [49]. The
growing importance of the services sector in economic growth was found by studying the
relationships between the services sector and its territorial impact and regional effects and
by providing an empirical analysis of specific countries and themes, such as geographical
concentration, globalization impact, foreign direct investment, and innovation [50]. Taking
the service industry as the research object, an empirical general equilibrium model that
considered the flow of goods and capital, consumption, and investment dynamics across
sectors and economies was used to evaluate the impact of faster growth on labor productiv-
ity in the Asian service industry. Studies had found that more rapid productivity growth
in the Asian service industry contributed to the sustained and balanced development of
the Asian economy. However, the dynamic adjustments of various economies were not
the same [51]. The underdeveloped service industry in Asia will become a new engine of
economic growth in developing Asian countries [52]. As China’s economy has entered
a stage of high-quality development and the industrial structure has been continuously
adjusted and optimized, the role of the tertiary industry in China’s economic growth has
become more prominent.

Fiscal and monetary policies are the main instruments used by the government to
implement regulations and stabilize the economy. Studies on the relationship between the
population growth rate and economic development have been conducted by academics,
demonstrating that the population growth rate in China has stabilized in recent years [20].
Based on the theory of economic growth under the balance of payments constraint, the
impact of the real exchange rate of the RMB against the US dollar on China’s economic
growth since China’s accession to the WTO was examined. The study results found that
the real exchange rate depreciation had a suppressive effect on China’s economic growth
in the long and short terms [53]. The role of fiscal policy in promoting economic growth by
regulating fiscal expenditure to regulate aggregate social demand and achieve a balance
between aggregate social supply and demand was very large and long-lasting.

The role of China’s money supply in macroeconomic regulation was relatively weak;
the effectiveness of both policies ultimately depended on the market mechanism and the
responses of microeconomic agents [54]. Regardless of the financing method used, an
increase in redistributive spending in fiscal policy reduces income inequality but does not
affect economic growth [55]. The relationship between income inequality and economic
growth was analyzed through fiscal policy. It was found that in the context of fiscal con-
solidation, the most appropriate budgetary policy strategy was to cut non-distributive
spending, as this increases GDP growth while reducing income inequality [56]. A study
on the effects of monetary policy shocks and economic policy uncertainty on the main
macroeconomic variables and interest rate spreads indicated that the term spreads, credit
spreads, monetary policy shocks, and monetary policy uncertainty had statistically signifi-
cant effects on all economic and financial variables [57]. Moreover, monetary policy had a
more important and more persistent real impact on economic development [52].

Numerous studies have analyzed and studied the relationship between consumption
levels and economic development in China [58,59].

The scale of population consumption is a necessary condition for the sustained and
stable growth of a country’s economy. At present, the contradiction of the demand structure
has become a deep-seated contradiction that restricts China’s sustained and steady eco-
nomic growth. Only by combining the expansion of the consumption scale with supply-side
reform so that the large scale of residential consumption can be satisfied mainly through
the domestic market can the country’s advantages be fully utilized [60]. The contribution of
consumption to the structure of China’s economic growth under the new economic normal
is growing increasingly larger [61]. China is in a transition stage from mid-industrialization
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to late industrialization, and consumption will become the key engine driving China’s
economic growth in the future [54]. Residents’ consumption was positively correlated
with economic growth, and raising the level of residents’ consumption and releasing their
consumption potential were conducive to urban economic development. According to
the findings of Tao et al. [62], the expansion of the internet has had a profound impact
on the performance of digital financial services, which has had a substantial impact on
inhabitants’ consumption. The development of e-commerce has enhanced rural households’
consumption capacity, energized consumption potency in rural areas, and bridged the gap
with urban centers [63].

Moreover, the more developed the urban economy, the larger the city and the greater
the positive effect of residents’ consumption on urban output [64]. From the above litera-
ture, it can be observed that resident consumption will be the main driving force of China’s
economic development in the coming years.

Certain other factors also affect the growth of the economy. Financial investment
in science and technology has a positive role in promoting technological progress and
economic transformation. To further improve financial investment contributions to science
and technology innovation, a diversified innovation support system should be established
with government guidance, market subjects, and social participation [65]. Financial edu-
cation expenditure has significantly improved economic growth by effectively increasing
the number of years of education per capita. Therefore, in the new era of moving toward
high-quality development while expanding the scale of fiscal education expenditures,
the structure of budgetary education expenditure should be further optimized and the
performance of fiscal education expenditure should be vigorously improved [66]. The
effects of financial deepening on economic growth in countries along the Belt and Road
were positive, as measured by the proportion of GDP granted by the financial sector to
private sector credit.

In contrast, financial inclusion in economic growth was shown to be insignificant [67].
Based on the concept of sustainable growth, it was found that industrialization generally
improves the economy but over-industrialization may lead to a downward trend as a result
of the related activities causing pollution and other effects on the populace, resulting in
increased government expenditure [68]. Before the reform and opening up, under the
influence of the Soviet Union, China formed the economic catch-up model of prioritizing
the growth of heavy industry, which became the fundamental basis for economic construc-
tion after the founding of New China. This model promoted the development of heavy
industrialization in China. Although the growth rate was not low, it was accompanied by
structural imbalance, lack of livelihood, large economic ups and downs, and widening of
the international horizontal gap. After the reform and opening up, the modern market
economic system was introduced. As a result, the theoretical paradigm of economic devel-
opment and growth gradually became an essential guide for China’s financial practice and
research. As a result, the Chinese economy gradually transformed from industrialization
to servitization [69]. Therefore, this paper also includes fiscal science and technology
expenditure, education expenditure, automation, and financialization as research variables.

After investigating the impacts of education spending on economic growth in 18
Latin American countries over the period 1970–2009, there was evidence of a co-integrated
relationship between education spending and economic growth in the countries consid-
ered [70]. The dynamics of inflation have an impact on long-run economic growth. In
particular, government constraints on household spending on education are crucial to the
negative relationship between long-run inflation rates and economic development [71].
The impacts of education and R&D investment on regional economic growth in Korea were
studied by decomposing regional growth paths into qualitative and quantitative paths to
determine how regional economies grow. Simulations were conducted to assess alternative
policies in terms of effectiveness and adaptability; the impact of education on growth
in the rest of Korea was only 22.3% of that in the Seoul metropolitan area. Improving
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the regional human capital accumulation efficiency was effective in alleviating regional
economic disparities [72].

Several scholars have also studied the relationship between industrialization and
economic growth. China’s industrialization process was found to explain the post-reform
economic growth in the research framework. The protracted industrialization program
initiated at the beginning of the reform led to a rise in the capital/output ratio and a
decrease in total factor productivity growth [73]. The factors that drove the acceleration
of manufacturing growth in a sample of 134 developing countries between 1970 and 2014
were examined. It was shown that human capital and institutions were the contextual
factors that favored manufacturing growth, as well as investment-related macroeconomic
policies and the degree of openness to foreign trade and capital, most of which contributed
not only to the episodic acceleration of industry but also to the sustained industrialization
process, which characterized the economic growth process in some prosperous countries
between 1970 and 2014 [74]. The long-term depreciation of Indonesia’s exchange rate,
including capital flight, can only be stopped by promoting further development through
export-oriented industrialization policies [75].

Using data from 286 cities in China during 2001–2006, the relationship between fi-
nancial development and economic growth at the city level in China was studied. The
study indicated that most traditional financial development indicators were positively
correlated with economic growth [76]. A new methodological approach based on dynamic
factor modeling techniques was constructed to determine the financial liberalization in-
dex. It was proposed that the relationship between financial liberalization and economic
growth be studied. The findings suggested that although financial liberalization positively
impacts economic growth in both high and low growth regimes, the impact of financial
liberalization on real GDP growth in high-growth regimes is relatively more significant [77].
Studies have found that financial development drives green technology and innovation,
which has improved China’s central and western regions [78]. Studying the relationships
between financial development, trade opening, and economic growth in four North African
countries from 1991 to 2015, it was found that trade opening seems to play a role as a
supplement to financial development [79]. In determining financial development variables,
trade opening is more pronounced in promoting economic growth.

Based on the summary of the existing research, this article selects the main influencing
variables of China’s economic growth from two aspects: international influencing factors
and domestic influencing factors. The global influencing factors include import and export
trade, exchange rates, and capital internationalization. The domestic macro influencing
factors include fiscal policy, monetary policy, and the domestic economic environment. The
domestic economic climate is formed by the following factors: human capital, technological
development, education level, consumption level, tertiary industry development, financial
development, industrialization, and real estate development. In adopting provincial input–
output tables for 2002 and 2007, the importance of the real estate–construction sector in the
Chinese economy was investigated using hypothesis extraction. The study found that the
impacts of the real estate-construction sector on total output and employment varied across
regions [80]. Local governments in the United States used real estate transfer taxes to create
more substantial incentives for homebuyers to undertake major remodeling projects at the
time of sale. Based on 2010 housing sales data, a 2.5% energy efficiency transfer tax on
home buyers would generate a net increase of approximately 3485 direct construction jobs
and 5900 annual jobs in the state [81]. The growth momentum in the housing sector can
be extended to a wide range of industries, particularly the financial sector, where housing
plays an increasingly important role as a macroeconomic provider [82].

This study uses the total import and export of goods to reflect the import and export
of trade. The exchange rate of the RMB against the US dollar reflects the current exchange
rate level. China uses the amount of foreign direct investment globally to reflect the de-
gree of capital internationalization, fiscal expenditure reflects the budgetary policy, and
the currency supply in circulation reflects the monetary policy. Regarding the domestic
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economic environment, gross domestic product indicates domestic economic development,
total retail sales of consumer goods indicate the consumption level, fiscal education ex-
penditure indicates the education level, while fiscal science and technology expenditure
indicates the science and technology development level. The value added by the tertiary
industry indicates the tertiary industry development level, while the value added by the
financial sector, industrial sector, and real estate industry indicate economic development,
industrialization, and real estate development, respectively. Table 1 denotes the description
of the variables and indicators.

Table 1. Description of variables and indicators.

Variable Classification Variable Name Meaning Data Source

Explained variable China’s economic growth rate Economic growth level GDP

Explanatory variables

Import and export growth rate International trade
development level

Total import and export
of goods

Exchange rate Exchange rate level Exchange rate of RMB to US
dollar

The growth rate of FDI The level of capital
nationalization

Amount of world FDI utilized
by China

The growth of fiscal expenditure Fiscal policy Fiscal expenditure over
the years

The growth of money supply Monetary Policy The amount of money in
circulation in a country

The total retail sales of social
consumer goods growth rate Consumption level Total retail sales of

consumer goods

Expenditure on education Educational level Financial expenditures
for education

The growth rate of expenditure
on science and technology Science and technology level Financial spending on science

and technology

Tertiary industry growth Tertiary industry
development level

Added value of
tertiary industry

The financial industry added
value changes Financial development level Added value of the

financial industry

Industrial growth rate Degree of industrialization Added value of
financial industry

The real estate industry
added value

Real estate industry
development level

Added value of real
estate industry

3. Material and Methods
3.1. Data Acquisition

The exchange rate data were obtained from the State Administration of Foreign
Exchange of China, using the exchange rate of RMB to USD on the last day of each year
from 2000 to 2019. The data for 2000, 2006, and 2017 represent the exchange rate levels
on December 29. The data for 2007 represent the exchange rate level on December 28 of
that year. The data for 2011 and 2016 were extracted on December 30. The rest represent
the exchange rate levels on December 31 of each year. Other variable data came from the
website of the National Bureau of Statistics of China, and the data range was from 2000 to
2019. Because the data were all calculated using the current year’s price, all indicators other
than the exchange rate used the growth rate to eliminate the influence of price factors.
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3.2. Emprical Methods

The reviewed existing studies mainly showed inconsistencies in their choices of
methods and models, meaning the conclusions they reached varied. In general, ordinary
least squares estimation is the simplest and most widely used regression estimation method.
The relationship between trade and economic growth has been studied using ordinary
least squares [28]. The relationship between financial deepening and economic growth
has been examined using static ordinary least squares (SOLS) and dynamic ordinary
least squares (DOLS) estimation methods [83]. In adopting simple ordinary least squares,
three-stage least squares, and a generalized method of moment estimation techniques,
political constraints were found to have a statistically and economically significant effect on
economic growth rates [84]. The impacts of renewable energy consumption on economic
growth in OECD countries were analyzed by applying the ordinary least squares method
with fixed effects estimation to data from 1990 to 2010 [85]. The impacts of corruption in
public health on economic growth in audited cities were analyzed using ordinary least
squares and quantile regression, with the sample restricted to 180 cities audited in 2009
and corruption variables constructed from the audit reports of that year. The results
showed that corruption harms economic growth [86]. However, when there were more
variables, whether multicollinearity or near-multicollinearity relationships among the
different factor variables, the estimation results of the least squares method were subject
to large errors [66]. The principal component analysis method was assumed to eliminate
the multicollinearity among the selected independent variables effectively. The output
elasticity of the factors affecting China’s economic growth and their pulling effect and
contribution to China’s economic growth were determined using the principal component
regression analysis method [87]. Nineteen variables affecting China’s economic growth
were selected and empirically analyzed using the robust sparse principal component [61].
However, the prevalent component approach only considered the information contained
in the independent variables in the analysis. It did not include the information for the
dependent variables, resulting in loss of data [88].

In practical problem solving, modeling often involves variable selection, and the use
of too many or too few model variables is not conducive to studying the issue. Commonly
used methods to improve OLS include stepwise regression, ridge regression, and Lasso
regression. Stepwise regression introduces a penalty for adding more coefficients based
on least squares, retaining the most significant variables. Therefore, it is very likely that
there will be an excessive reduction of variables [89]. RIJF [90] reviewed three basic non-
linear least squares estimation methods and proposed stepwise regression to non-linear
estimation. The stepwise regression method was proposed to test the interactions between
variables, highlighting this regression analysis method [91]. The impact of agricultural
output on economic growth was explored using the dynamics of the different technical
approaches that stepwise regression can provide [92]. Additionally, the interaction effect
between economic growth and environmental pollution in Wuhan in China was studied
using the stepwise regression method by selecting critical indicators of economic growth
and environmental pollution [93]. A stepwise regression analysis was conducted by
studying domestic patents as the dependent variable with scientific, technological, and
economic data from 128 countries. The study showed that domestic patents were closely
related to the gross national product [94].

Ridge regression and Lasso regression have been widely used in recent years. The
Ridge regression and Lasso regression methods were used to construct a future price
expectation index model with reduced dimensional parameter estimation [95]. The Lasso–
Lars model was also used to develop a PM2.5 concentration time series [96]. The Lasso
variable selection method and multi-factor model were applied to study the construction
of enhanced index funds [97]. Ridge regression is a biased estimation regression method
dedicated to collinearity data analysis. In essence it is an improved OLS method. The
disadvantage is that the unbiasedness of the least squares method needs to be abandoned
and some information is lost. It also reduces the accuracy but can obtain more realistic
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regression coefficients, making it a more reliable regression method and more suitable for
the fitting process of ill-conditioned data. Compared with ordinary regression, although
the square value of the correlation coefficient is reduced, the significance of the regression
coefficient is significantly higher than that of ordinary regression. Therefore, it is more
practical for collinearity problems and ill-conditioned data [95]. It was pointed out that
ridge regression is a promising alternative method for deleting related variables to reduce
multicollinearity. The study found that ridge regression will give better results for some
economic models (such as production functions) than other economic models [98]. The
shortcomings of multiple regression were described, and ridge regression was introduced
to show how to obtain biased estimates with minor mean squared errors [99]. Ridge
regression and geographically weighted regression models were applied to test the im-
pacts of geographic location, transportation, and policy on the regional economy [100].
Various methods such as ridge regression were used to forecast vital macroeconomic
variables for Australia [101]. A pre-test and contraction method based on generalized
ridge regression estimation was proposed, which was applied to multicollinearity and
high-dimensional problems [102].

Lasso regression is a compressed estimation regression method. A more refined model
can be obtained by constructing a penalty function. Compared with ridge regression,
Lasso regression can better solve overfitting [95]. If the sum of the absolute values of the
coefficients is less than a constant, “Lasso” minimizes the sum of the squared residuals.
Due to the nature of this constraint, it tends to produce some cases where the coefficients
are precisely zero, thereby enabling interpretable models to be obtained [103].

In addition, the authors of a previous study pointed out that the Lasso idea is quite
general and can be applied to various statistical models. An extension to generalized
regression models and tree models was briefly described in the paper [104]. Subsequently,
an improved Lasso-based principal component analysis technique was proposed [105].
Finally, the adaptive Lasso estimator was used to identify the critical variables affecting
economic growth [106]. It is noted that the use of the Lasso regression model solved the
problems of multicollinearity and overfitting, and its ability to minimize the number of
influences on the forecast also allowed more flexibility in policy design [107].

The models used for ridge regression and Lasso variable selection are highlighted.
Assuming that

(
xi1, xi2, . . . , xip; yi

)
, i = 1, 2, . . . n, n is the sets of observations of the explana-

tory variables, and assuming that the data are standardized, note that β̂ =
(

β̂1, β̂2, . . . , β̂p
)T

,
while the estimate of

(
β̂0, β̂

)
is defined as:

(
β̂0, β̂

)
= argmin

 n

∑
i=1

(
yi − β0 −

p

∑
j=1

β jxij

)2
, s.t.

p

∑
j=1

β2
j ≤ λ (1)

(
β̂0, β̂

)
= argmin

 n

∑
i=1

(
yi − β0 −

p

∑
j=1

β jxij

)2
, s.t.

p

∑
j=1

∣∣β j
∣∣ ≤ λ (2)

Equation (1) represents ridge regression and Equation (2) represents the Lasso method.
Here, λ ≥ 0 is the penalty coefficient. Lasso regression and ridge regression are similar in
principle but differ in the ways they construct the constraint conditions. The penalty term
is not the square of the coefficient but its absolute value. Taking Lasso as an example, the

least squares estimate of β̂ j is represented by β̂0
j , λ0 =

p
∑

j=1

∣∣∣β̂0
j

∣∣∣. With λ ≥ λ0, the optimal

solution in Equation (2) is β̂0
j ; with λ < λ0, part of the optimal solution in Equation (2) may

be equal to 0 and the corresponding variables are deleted from the model to achieve the
variable selection.

This current study intuitively compares the pros and cons of several regression meth-
ods and better fits the models of economic growth factors. This paper uses four regression
estimation methods to select variables and calculate the mean square errors.
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4. Results
4.1. Correlation Analysis

Correlation analysis is widely used in the economic and financial fields and is mainly
used to determine the correlation between variables before establishing a model.

The results of the correlation coefficient analysis presented in Table 2 show that
the correlations between the exchange rate, the growth rate of science and technology
expenditure, the growth rate of real estate industry’s added value, and China’s economic
growth rate are not significant, while the linear relationships between other variables and
China’s economic growth rate are significant at the 5% confidence level.

Table 2. Correlation coefficient.

China’s Economic Growth Rate

Variables Correlation
Coefficient p-Value Variables Correlation

Coefficient p-Value

Import and export growth rate 0.567 ** 0.009 Expenditure on education 0.721 ** 0.000

Exchange Rates 0.181 0.444 The growth rate of expenditure
on science and technology 0.111 0.640

The growth rate of FDI 0.629 ** 0.003 Tertiary industry growth 0.906 ** 0.000

The growth of fiscal expenditure 0.614 ** 0.004 Financial industry added
value changes −0.506 * 0.023

The growth of money supply 0.682 ** 0.001 Industrial growth rate 0.689 ** 0.001

The total retail sales of social
consumer goods growth rate 0.743 ** 0.000 Real estate industry added value −0.418 0.067

Note: ** indicates a significant correlation at the 0.01 level (two-sided); * indicates a significant correlation at the 0.05 level (two-sided).

4.2. Variable Selection

Based on the correlation analysis, variables were selected for the nine influencing
factors with significant linear relationships.

4.3. Ordinary Least Squares Estimation

The ordinary least squares estimation expression is β̂ =
(
XTX

)−1XTy. The estimation
results are shown in Table 3.

Table 3. Least squares regression coefficient.

Beta T Sig.

Constant term 2.533 0.030

Import and export growth rate 0.275 2.753 0.020

Growth rate of FDI 0.038 0.396 0.701

The growth of fiscal expenditure −0.238 −1.768 0.108

The growth of money supply 0.005 0.054 0.958

The total retail sales of social consumer goods growth rate 0.578 4.241 0.002

Expenditures on education 0.201 1.668 0.126

Tertiary industry growth 0.519 3.642 0.005

Financial industry added value changes −0.539 −2.825 0.018

Industrial growth rate −0.550 −2.348 0.041

From the least squares estimation results in Table 3, it can be seen that the growth
rate of import and export trade, the growth rate of total retail sales of consumer goods,
the growth rate of the tertiary industry, the development of the financial sector, and the
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industry have significant effects on the level of China’s economic development. Here,
significant values < 0.05 indicate a considerable regression effect. From the beta values, we
can see that promoting international trade development, introducing foreign investment,
expanding money supply in circulation, increasing the consumption level, increasing
support for education, and encouraging tertiary industry development benefit China’s
economic growth, while increasing fiscal spending and economic and industrial expansion
is helpful to China’s economic development in long run. In this paper, covariance diagnosis
is performed for nine variables.

As can be observed in Table 4, the VIF values are all greater than 3. Therefore, there is
a strong covariance between these variables. As such, the least squares regression results
are not satisfactory and a new estimation method is used to overcome the deficiency.

Table 4. Collinearity diagnosis.

Variables
Collinearity Statistics

Tolerable Error VIF

Import and export growth rate 0.255 3.921

The growth rate of FDI 0.280 3.577

The growth of fiscal expenditure 0.140 7.142

The growth of money supply 0.285 3.508

Total retail sales of social consumer goods growth rate 0.137 7.313

Expenditures on education 0.174 5.739

Tertiary industry growth 0.125 8.010

Financial industry added value changes 0.070 14.369

Industrial growth rate 0.046 21.658

4.4. Stepwise Regression

Stepwise regression based on the AIC criterion introduces a penalty for adding
more coefficients based on the least squares method. The stepwise regression is char-
acterized by the fact that the variables retained for variable selection are those with
significant effects [108].

As shown in Table 5 below, only the growth of tertiary industry, the growth of import–
export trade, and the growth of total retail sales of consumer goods positively contribute to
economic development. At the same time, the other variables are not yet significant for
China’s economic growth.

4.5. Ridge Regression

From the stepwise regression, it can be observed that only three variables have an
impact on China’s economic growth, which are not in line with the actual phenomenon,
and there is a problem of excessive reduction. Therefore, ridge regression modeling is
adopted. The ridge regression coefficient and path diagram are shown in Figure 1.

Figure 2 demonstrates the Ridge regression coefficient. The results of the ridge re-
gression show that the increase in the level of international trade, the expansion of the
amount of foreign direct investment, the growth of money supply in circulation, the rise
in the level of social consumption, the increase in the importance of the financial sector to
education, and the development of the tertiary industry have positive effects on China’s
economic growth. This confirms the BIC score shown in Figure 3. It can be seen that
BIC = 7, representing the 7 explanatory variables with the smallest BIC values, i.e., the
optimal number of explanatory variables is 7. Therefore, the overall level of social con-
sumption has the most significant effect on China’s economic growth. In contrast, the
financial industry and some other industries contribute to economic development but not
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as much as expected. The results demonstrate that maximum effort is required to attain the
full benefits of financial development investment to contribute to economic growth.

Table 5. Comparison of regression coefficients.

Least Squares
Method

Stepwise Regression
Coefficient

Ridge Regression
Coefficient

Lasso Regression
Coefficient

Intercept −0.034 0.05722 0.32174

Import and export growth rate 0.275 0.116 0.08824 0.08820

Growth rate of FDI 0.038 0 0.07701 0.02303

The growth of fiscal expenditure −0.238 0 −0.13236 −0.18662

The growth of money supply 0.005 0 0.04712 0.00372

The total retail sales of social
consumer goods growth rate 0.578 0.348 0.346094 0.65418

Expenditures on education 0.201 0 0.07951 0.07189

Tertiary industry growth 0.519 0.686 0.46481 0.63368

Financial industry added
value changes −0.539 0 −0.00432 −0.01650

Industrial growth rate −0.550 0 −0.00077 −0.00703

Error 0.0001531214 0.000051017S53
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4.6. Lasso Regression

Based on ridge regression, Lasso regression was used to solve the collinearity prob-
lem [95]. The regression coefficient is shown in Figure 4.
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From the Lasso regression, it can be seen that the growth of import and export trade,
the increase in foreign direct investment, the growth of total retail sales of consumer goods,
the increase in education expenditure, and the evolution of the tertiary industry positively



Appl. Sci. 2021, 11, 10832 15 of 21

contribute to China’s economic development. Among these, the effects of money supply
policy and the degree of industrialization on China’s economic growth are improving at a
gradual rate. As a result, the mean square error coefficient shows that the Lasso regression
error is smaller and closer to the standard level.

5. Comparative Analysis of the Variables Selected Based on the Four Methods

Common to the results of least squares estimation, stepwise regression, ridge regres-
sion, and Lasso regression variable selection are the significant positive contributions of
the domestic consumption level, tertiary industry, and import and export trade to China’s
economic growth. Among these variables, the growth rate of total retail sales of consumer
goods is the most important positive contributor to China’s economic growth, which in-
dicates that residential consumption demand is a long-term sustainable pulling force for
China’s economic development. The positive impact of the tertiary industry on China’s
economic development is second only to the total retail sales of consumer goods, indicating
that China’s tertiary sector has become a new economic growth area. The tertiary industry
mainly includes knowledge-intensive industries and various service industries. Accelerat-
ing the development of the tertiary industry eases the pressure on natural resources and
land resources, reduces environmental costs to achieve sustainable development, and helps
expand employment and improve comprehensive national power. The international envi-
ronment also influences domestic economic growth, and within the context of economic
globalization, import and export trade can also drive China’s economic growth. Studies
had shown that international trade has become one of the factors driving China’s economic
growth. The volume of imports of capital and technology-intensive goods has contributed
most strongly to China’s economic growth [109]. Therefore, to expand the economy, capital
and technology-intensive goods need to be emphasized.

The differences in the results of the least squares estimation, stepwise regression,
ridge regression, and Lasso regression variable selection are as follows. First, there is a
significant difference in the degree of influence of the financial sector and industry on
economic growth. Financial sector development and industrialization have a significant
adverse effect on economic growth in the least squares regression estimation. Still, the
impact is not substantial in the ridge regression or Lasso regression, which can be censored
according to the BIC score. Second, foreign investment, fiscal expenditure, education
expenditure, money supply, and the financial sector and industry have insignificant effects
on the development of the domestic economy in the stepwise regression.

Comparing the variable selection results revealed that least squares regression can
only be used for parameter estimation and cannot achieve variable selection. Stepwise
regression suffers from variable over-censoring. Only the variables with highly significant
effects are kept, and those ranging between substantial and insignificant variables are not
supported, resulting in a significant bias in parameter estimation. Both ridge regression
and Lasso regression can be used for variable selection without over-censoring. Comparing
the mean square error values, it is clear that the Lasso regression results are closer to the
standard level. Therefore, based on the above empirical study, the following regression
equation can be obtained.

China’s economic growth rate = 0.32174 + 0.00882 import and export trade growth
rate +0.02303 growth rate of FDI −0.18662 growth of fiscal expenditure +0.00372 growth of
money supply +0.65418 total retail sales of social consumer goods growth rate +0.07189
expenditure on education +0.693368 tertiary industry growth −0.01650 financial industry
added value changes −0.00703 industrial growth rate.

6. Conclusions

Firstly, the Lasso regression method has obvious advantages when there are problems
such as multicollinearity among variables. Comparing ordinary least squares estimation,
stepwise regression, ridge regression, and Lasso regression methods, it can also be ob-
served that the least squares method cannot achieve variable selection criteria and the
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error is more prominent. The variables retained by stepwise regression are all significant,
although there is excessive censoring of variables, making the estimation error larger. Lasso
regression censors all insignificant variables and reduces the bias as much as possible in
the variable selection.

Secondly, the consumption level plays a pivotal role in China’s economic development.
The Lasso regression results show that for every 1 percentage point increase in consumption
level, the domestic economy will grow by 0.6542 percentage points. In terms of demand,
consumer demand makes the greatest contribution to economic growth. However, due
to the COVID-19 crisis, decreased consumer demand led to a decline in GDP in the first
quarter of 2020, accounting for 4.3 percentage points of the 6.8% decline in GDP. In other
words, more than 60% of the decrease in GDP was driven by consumer demand for the
whole year of 2020. Consumer demand represents 0.5 percentage points of the decline in
GDP. From 2013 to 2019, about 60% of GDP growth on average was driven by consumer
demand. Whether in the past phase of high economic growth or today’s economic shift to
high-quality development, residential consumption has played a critical role in China’s
financial development (Research Group of Macroeconomic Analysis and Forecast, 2021).
Thus, it is necessary to further develop the fundamental effects of residential consumption
on China’s economic growth and improve economic efficiency and economic development.

Thirdly, paying attention to the cultivation and development of the tertiary industry is
important. The results of the Lasso regression show that each unit of growth in the tertiary
sector can bring 0.63368 units of change in the size of China’s economy. Related studies
have showed that the tertiary industry is a dominant force driving economic growth [44].
Starting from 2012, the share of the tertiary sector of GDP reached 45.5%, surpassing
for the first time the secondary industry, which had been a pillar in the past, thereby
becoming the main driving force in China’s economic development. In 2019, the share of
the tertiary sector even increased to 54.3%, showing vigorous growth. Therefore, in the
next phase, the role of the tertiary industry in boosting China’s economic growth needs to
be fully exploited.

Fourthly, real estate market investment is weak and its contribution to economic
development is not significant. In the primary stage of urbanization, the increase in and
development of the real estate industry were conducive to urban and economic expansion.
However, with China’s current economic development model, urbanization has shifted to
a stable stage and the real estate market has become increasingly saturated. As a result,
the role of real estate investment in driving China’s economy is gradually weakening; it
cannot continue to vigorously support and advance the urban economy. On the other hand,
a reasonable share of the real estate industry is beneficial to economic growth. Therefore,
China should reduce its over-dependence on the real estate industry and scientifically
assess the percentage of the real estate industry in China’s economic growth.

Fifthly, the effect of research and development expenditure on economic growth is not
significant. One of the reasons may be that the role of fiscal science and technology spending
has a time lag. Science and technology spending positively promotes technological progress,
which can directly and indirectly influence China’s economic growth through capital
formation and trade. Whether the effects are direct or indirect, they take a certain amount
of time to show their impact, so there is bound to be a time lag. Related studies had found
that the comprehensive effect of fiscal science and technology spending on China’s economy
was most significant 8–15 years after its input, with a long time lag and a lasting impact
on China’s economic growth [58]. The second reason is fact that the current assessment
of the scientific research projects in China was mainly focused on relevant indicators
such as patents and awards [110]. The economic and social benefits of scientific and
technological achievements in terms of actual production applications have not attracted
attention. Accelerating the transformation of scientific and technical achievements and
applying them to social production is the only way to realize the corresponding value
of scientific research expenditures. The stable development of the industry–university–
research innovation alliance has facilitated the transformation of scientific and technological
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achievements [39]. The relevant Chinese departments can also harness these scientific and
technical achievements as the basis for project assessments and to urge inventors and users
of science and technology to focus on the social and economic benefits of such scientific
and technological achievements.

Sixth, the Lasso regression results indicate that both the financial sector and industry
do not yield the maximum gains anticipated in terms of China’s economic growth. A
related analysis showed that financial development had a significant hindering effect
on economic growth in western China and that financial system reform was urgently
needed [66]. Additionally, other scholars have shown that deepening the financial system
reform and promoting a direct financing market and small and medium-sized financial
institutions could promote China’s economic growth [111].

Finally, the rise of manufacturing has undeniably brought about an unprecedented
increase in China’s economic growth, although it has also inadvertently increased the cost
of environmental management in China. Since 2009, China has been ranked first in the
world in terms of carbon emissions. China’s leaders have announced their willingness to
take on more environmental obligations, and by 2030 China’s carbon emissions intensity
will be 60–65% lower than in 2005 in order to achieve carbon neutrality by 2060. There-
fore, China should actively design new green and low-carbon economic growth strategies,
promote green energy, and innovate low-carbon technologies. The above can be achieved
through a series of measures, such as adjusting the industrial structure, optimizing the
energy structure, saving energy and improving energy efficiency, promoting carbon market
construction, and increasing forest carbon sinks to achieve green growth and the sus-
tainable development of China’s economy, in turn contributing to the global green and
low-carbon transition.
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