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The paper constructs an economic growth model that contains human, physical capital, innovation, and energy factors and
estimates the output elasticity of seven provinces and cities in East China in the period of 2004-2018. Having calculated the
contribution rate of these different factors to economic growth, the paper finds that factors of production have a different elasticity
that impacts the growth of different regions and industries and notes that energy and physical capital are the most significant
factors for the growth of primary and secondary industries. This highlights that industrial growth has not freed from the path
dependence of extensive input, and the authors cite Shanghai and Jiangsu as typical regions in this regard. The former’s growth
largely depends on physical capital and energy, and the latter’s growth depends on the input of diverse elements including
innovation. The latter is better suited to the needs of the “new normal” economic growth. The authors construct a simulation
model of economic growth based on system dynamics, and system simulation results show that energy and material capital
investment not only have the most significant effect on economic growth in East China but also provide clear evidence of extensive
economic growth. The paper then demonstrates that increasing the optimal allocation of input factors and the rational flow
between regions is conducive to improving output efficiency and provides the results of the Malmquist index calculation: on the
whole, there is no obvious technological progress in East China. Shanghai, Jiangsu, and Zhejiang are, however, provincial-level
regions of this part of the country which demonstrate significant technological progress in East China. In conclusion, the paper
suggests that this region of China will be unable to maintain its current level of economic growth because of the combined
influence of factor input constraints and insufficient technological progress.

1. Introduction

Since 2011, China’s economic growth has marked a clear
departure from sustained high level of growth. In a back-
ground of overall economic deceleration, increasing num-
bers of provincial-level regional economic aggregates have
settled on a new level. In 2015, 10 provincial regions in the
country had a GDP per capita in excess of US$10,000, in-
cluding Beijing, Tianjin, Shanghai, Zhejiang, Jiangsu, Inner
Mongolia, Guangdong, Fujian, Liaoning, and Shandong. In
2019, per capita GDP in East China exceeded US$10,000 and
five provincial-level regions attained this level: Shanghai,
Zhejiang, Jiangsu, Fujian, and Shandong. Anhui and Jiangxi,
meanwhile, followed close behind with a GDP per capita of

around US$8,000. At a time of a general economic slow-
down, the economic growth from East China was a bright
spot. Research into the contribution of factors and tech-
nological progress to economic growth in these regions will
help to analyze the driving force of economic growth and to
identify paths to sustainable economic development.

In the Economic Accounting Model, the Cobb-Douglas
Production Function (C-D function) is more commonly
used, and its basic input factors are labor (human capital)
and capital (physical capital). The study of economic growth
only considers total human capital, which is insufficient to
solve the problem, and accordingly some scholars have
sought to verify the contribution of structural variables of
human capital to economic growth by undertaking empirical
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research. The researchers suggest that when human capital is
combined with different levels of education, it has divergent
effects on economic growth [1-4]. Some researchers
therefore assert that the proportion of high-quality human
capital among employees should be increased, and they
argue that the upgrading of human capital structure will help
to maintain the economic growth rate. They also suggest that
when human capital is engaged at different levels of edu-
cation, its output will vary [5-9].

When building economic accounting models, re-
searchers mainly draw on the example of developed Western
countries that have already achieved industrialization, de-
spite the fact that their economic growth patterns are dif-
ferent from those of developing countries. As the research
object expands, the traditional accounting model will
struggle to sufficiently elaborate countries and regions that
are developing towards industrialization, which is why many
researchers incorporate energy factors into their research
[10-14]. It has been claimed that China entered the late stage
of industrialization during the “12th Five-Year Plan” period
[15]. Other scholars, meanwhile, seek to incorporate natural
resources into their expanded growth model for economic
analysis [16].

With the development of knowledge economy and the
advent of scientific and technological globalization, inno-
vation ability will play a key role in realizing the goal of social
and economic development. Therefore, the research on the
allocation of scientific and technological resources mainly
compares and analyzes the investment status of scientific
and technological resources, the allocation of R&D activities,
and the effect of scientific and technological policies in
various countries, so as to evaluate the effect and applica-
bility of technological progress [17].

There are abundant researches on the role of techno-
logical innovation in China’s economic growth. The current
economic growth model has a relatively single choice of
input factors; therefore, it is difficult to truthfully reflect the
actual situation of China’s economic growth. In order to
make up for the above defects, this study uses seven
provinces (city) in East China, Shanghai, Zhejiang, Jiangsu,
Fujian, Shandong, Anhui, and Jiangxi, as samples to study
the effects of physical and human capital, technology, and
energy on economic growth and constructs a variety of input
factors on this basis. It uses the Production Function Model
to quantitatively analyze the output elasticity of factors to
economic growth and the System Dynamics Method to build
an economic growth simulation system. It conducts policy
simulation from a perspective that considers the impact of
factor input on output and seeks to identify a path that will
enable the optimal allocation of factors in the process of
sustained economic growth.

2. Literature Review

Lucas divides capital into material capital and human
capital, and he believes that human capital contributes to the
differences in economic growth among countries [18]. The
situation of human capital determines the type of techno-
logical progress and the efficiency of the use of advanced
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technology in actual production. The contribution of capital
to economic growth includes the role of technology and
human capital. The growth of material capital reflects the
technical structure of economy, which is determined by
human capital [19]. Many studies have confirmed that
human capital is conducive to improving economic growth
rate and promoting physical capital investment [20] and to
improving total factor productivity [21]. In fact, one of the
most important determinants of economic growth is the
allocation and balance of human capital among different
departments [22].

Human capital is composed of people with different
levels of education. Relatively speaking, high-quality human
capital has a more important impact on technological in-
novation. The exploration and research on relevant
knowledge can not only promote technological innovation
directly but also extend knowledge to low-quality human
capital. Based on the data of OECD member countries,
Vandenbussche et al. found that the part of human capital
with higher education has a significant role in promoting
total factor productivity [23].

However, some studies have pointed out that there is no
significant relationship between human capital and eco-
nomic growth [24]. Other studies have also confirmed that
human capital does not promote output [25, 26]. The role of
human capital in promoting economic growth is closely
related to the type and development stage of a country.
Krueger and Lindahl found that the positive correlation
between human capital and output growth only occurred in
low-income countries [27]. On the contrary, Pritchett’s
transnational empirical research shows that there is a sig-
nificant negative correlation between the growth of total
factor productivity and the growth of average human capital
[26].

The economic growth effect of human capital is affected
by the industrial structure. The transformation of industrial
structure suitable for human capital can optimize the al-
location of human capital, improve the output efficiency of
human capital, and contribute to sustained and rapid eco-
nomic growth. On the contrary, the mismatch between
human capital and economic structure will generate
crowding-out effect, which will lead to higher unemploy-
ment rate and imbalance of labor market. Human capital
and technological innovation are important factors affecting
economic growth, and human capital, the comprehensive
embodiment of ability, knowledge, and technology, is the
basis of technological innovation. Based on international
data, many studies have confirmed that human capital plays
a positive role in promoting technological innovation [28].
Human capital can not only affect production as a factor of
production but also indirectly affect production by affecting
technological progress [18]. Technological progress is
formed by people’s response to market incentives and is also
the core of long-term economic growth. The significance of
human capital is that it determines the production of
knowledge and technology and then determines the growth
of knowledge and technology [22].

There have been many studies on human capital and
economic growth, but the conclusions are not consistent.
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Even in the same country and region, this relationship may
be changing. Then, for China, is there such a relationship of
stage change? How is human capital better accumulated in
order to effectively promote regional economic growth,
especially in the context of the new era? How human capital
is made better use of to promote innovative development, so
as to promote high-quality regional economic growth? With
the development of economy and society, the effect of
technological progress on economic growth is becoming
more and more obvious. According to the endogenous
economic growth theory, technological progress is the core
of economic growth [26]. With the development of
knowledge economy and the globalization of science and
technology, a country’s innovation ability plays a key role in
supporting social and economic development [29]. The
quantity and quality of technological innovation elements
provide an important basis for national innovation capacity
[30].

The level of regional innovation contributes to the
continuous improvement of the economic competitiveness
and the long-term sustainable development of regional
economy. The level of regional innovation efficiency is an
important index to measure the innovation discovery ability
in a region. The existing research on innovation efficiency
mainly focuses on the role, evaluation, and measurement of
innovation investment in economic growth and its influ-
encing factors. Scholars have obtained different methods to
measure innovation efficiency from empirical research on
regional innovation system in specific regions [31]. Methods
including data envelopment analysis (DEA) [32], factor
analysis [33], and stochastic frontier model [34] have been
used to measure innovation efficiency. Chen and Guan [35]
applied relational network data envelopment analysis to the
systematic evaluation of innovation efficiency of China’s
innovation system [35]. Their results show that, in the whole
process from technology development to commercializa-
tion, only one-fifth of China’s regional innovation system is
at the best forefront. Dzemydaité et al. [36] assessed Eastern
Europe and the central European Union region based on the
efficiency level of the innovation system. These existing
studies focus on specific regions to measure their innovation
efficiency and explore how to distribute innovation re-
sources more equitably and improve innovation efficiency
[36].

There are few studies on technical efficiency based on
multifactor production function. Taking the extended
multifactor production function as the basis of input-output
index system can improve the current research on inno-
vation efficiency. The nonparametric characteristics of data
envelopment analysis can be optimized if combined with
production function, which provides a theoretical basis for
efficiency research.

3. Materials and Methods

3.1. Construction of Economic Growth Model. In the Eco-
nomic Accounting Model, the Cobb-Douglas Production
Function (C-D function) is more commonly used, and these
basic input factors are labor (human capital) and capital

(physical capital). In this study, labor factors are replaced by
human capital elements. We can get

Y = AK°HP, (1)

where A represents technological progress, K represents
physical capital, and H represents total human capital. « and
B are the output elasticity.

Considering the education level of human capital dif-
ferences and expanding the traditional C-D production
function, we can get

Y = AK*HY HE HE, (2)

where H1 is the primary human capital (the number of
elementary school educations), H, is the intermediate hu-
man capital (the sum of the number of junior high school
and high school educations), and Hj is the advanced human
capital (the number of college educations and above). 3, 3,
and f; are output elasticity. It is therefore necessary to take
energy factors into account when considering the ac-
counting model of China’s economic growth. Considering
the role of energy consumption in economic growth, we can
get

Y = AK*HO HER HE B, (3)

where E is energy consumption and y is output elasticity.
The “new normal” of the economy requires innovation to
catalyze growth, and so innovation elements need to be
considered. Different indicators can be used to describe
innovation factors in the research. Enterprises purchase
technology and use it for production, which reflects the
direct effect of innovation factors on production. In this
study, “technical turnover” is therefore used to reflect the
investment of innovation factors. In equation (4), T is the
input of innovation elements and 8 is the output elasticity:

Y = AK*HP HPPHEPE'T?. (4)

The production function usually uses two models with
constant and variable returns to scale. In acknowledging that
the economic development environment has changed rap-
idly in recent years and taking into account the fact that
constant returns to scale can be regarded as a special state
with variable returns to scale, this study uses the C-D
function with variable returns to scale. Taking the logarithm
of the two sides of formula (4), we can get

InY=InA+alnK+p/InH,+5,In H,

5
+f3InH;+yInE+0InT. ©)

Equation (5) suggests that regression analysis can be
used to estimate the output elasticity coefficient of each
factor.

3.2. Collation of Input and Output Data. This study uses
education level classification indicators to illustrate the
heterogeneous human capital input in different regions. The
measured regional fixed asset stock is used as physical capital
input, and GDP is used as an output indicator. The GDP data



is adjusted by using the GDP deflator in the past years. Using
2004 as the base year, the nominal GDP is converted into
actual GDP to obtain comparable data after price adjust-
ments. The Perpetual Inventory Method is used for the
calculation of physical capital (fixed asset stock). The capital
stock in a certain year is equal to the stock of the previous
year minus depreciation plus the newly added capital for that
year. The estimated data for the province’s fixed asset stock
from 2004 to 2018 are obtained, and the depreciation rate is
taken as 10 percent. Energy consumption is obtained from
annual data provided by the provincial statistical bureaus
and the National Bureau of Statistics. Technical transaction
data is adjusted by applying the GDP deflator index across
the years. The data collection time range extends from 2004
to 2018 and the relevant raw data is taken from “the China
Statistical Yearbook” (2005-2019).

The following indicators and relevant data are mainly
used in the study: output value of the primary industry (G1,
unit: 100 million Yuan), output value of the secondary in-
dustry (G2, unit: 100 million Yuan), output value of the
tertiary industry (G3, unit: 100 million Yuan), material
capital stock (K, unit: 100 million Yuan), primary human
capital (H1, unit: ten thousand), intermediate human capital
(H2, unit: ten thousand), senior human capital (H3, unit: ten
thousand), technology turnover (T, unit: 100 million Yuan),
and total energy consumption (E, unit: 10,000 tons of
standard coal).

Input factors make different contributions to economic
growth. In order to obtain the output elasticity coefficient of
different input factors, the model is estimated by applying
the Stepwise Regression Method in accordance with equa-
tion (5). The data processing software is EViews 7.2. The
regression results show that the function fitting is very good,
and the sequence correlation is basically eliminated, and the
fitting results are mostly significant at the 1 percent level.
Factor output elasticity multiplied by the factor input growth
rate is the contribution of each factor input to the economic
growth rate. The total output growth rate minus the con-
tribution of each factor to the total output growth rate is the
contribution of technological progress to the economic
growth rate.

3.3. Model Estimation Results and Contribution Rate Analysis.
East China has advantages in talents and technology, but the
economic growth path depends on the input of physical
capital and energy, which makes it difficult for this part to
demonstrate its advantages. A substantial amount of em-
pirical research has found developing countries’ dependence
on energy. For example, Maria Del et al. [37] found that the
energy output elasticity of the “BRIC countries” was 0.37.
Empirical analysis of the Chinese economic system shows
that it is not just energy that can be understood as a driving
force for economic growth. Energy factors can therefore be
expanded and understood as “natural resource elements” or
“resource factors represented by energy” in the study
[38-40]. The subtle relationship between physical capital and
human capital is embodied in the concept of “capital-labor
substitution flexibility.” If we can enhance the development
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of human capital under the existing conditions and ap-
propriately increase the proportion of middle- and high-
level human capital, it will help to reduce our dependence on
capital [41]. Labor is a strong substitute for energy, and
capital and energy are replaced first and then complemented.
The factors have different effects on the industries; for this
reason, it is necessary to study the elasticity of output factors
by referring to the three industries. The elasticity of output
factor, which is calculated by referring to the three indus-
tries, is shown in Tables 1-3.

As shown in Table 1, the traditional primary industry
mainly uses natural forces for production, and it has low
requirements for technological progress and energy. As re-
gional productivity develops, the production situation of the
primary industry differs. An analysis of output factor elasticity
enables us to see the respective characteristics of primary
industry production in different regions. Table 1 shows that
Shanghai’s primary industry (calculated at comparable prices)
has a negative growth (-1.50 percent) and demonstrates that
energy, high-level human capital, and physical capital play a
significant role in the primary industry. Energy has delayed
the decline of the primary industry. The growth of Jiangsu’s
primary industry depends on energy, innovation (technology
trading), and intermediate human capital. Jiangsu’s primary
industry growth rate, driven by strong technology and energy,
ranks first in East China. Zhejiang’s primary industry depends
on intermediate and advanced human capital. Anhui’s pri-
mary industry depends on energy input. Fujian’s primary
industry depends on energy and intermediate human capital,
and energy factors contribute to more than 90 percent of the
growth of its primary industry. Jiangxi’s primary industry
relies on energy and intermediate human capital to achieve
sustained growth. The average growth rate of Shandong’s
primary industry is second only to Jiangsu, and this high
growth is attributable to the input of energy, innovation
(technical transactions), medium human capital, and physical
capital. Jiangsu and Shandong maintain high primary in-
dustry growth that is inseparable from investment in inno-
vation (technology transactions). In most regions (except for
Zhejiang), energy factors play a significant role in promoting
the growth of the primary industry.

As shown in Table 2, in the East China region, Shanghai’s
secondary industry has the slowest growth rate. It is an
economically developed region; therefore it has already
achieved industrialization. It is difficult for the secondary
industry to grow by a large margin. Investment in energy
elements has helped to ensure the continued growth of
Shanghai’s secondary industry. Jiangsu’s joint promotion of
energy, innovation (technology trading), material, and hu-
man capital has enabled its secondary industry to maintain a
growth rate of more than 8 percent. Energy has contributed
more than 60 percent of the growth of secondary industries
in Zhejiang, Anhui, and Jiangxi. The growth of secondary
industries in Fujian and Shandong has mainly depended on
the contribution of physical capital.

As shown in Table 3, in East China, physical capital is the
main input factor that promotes the growth of the tertiary
industry. In most regions (except for Jiangxi), physical
capital has a significant effect on the growth of the tertiary
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TaBLE 1: Output elasticity of primary industry.

Regional growth K H,; H, H, E T Technology progress Adj. RA\D. W.
Factor resilience -0.218** -0.394** 0.982*** 0.456
(~2.820) (-2.595) (13.575) \1.915
Shanghai —1.50%  Factor increase 13.79% 7.94% 4.32%
Growth contribution -3.00% -3.13% 4.25% 0.38%
Contribution share 200.29% 208.86% —283.47% -25.67%
Factor resilience 0.222** 0.497***  0.135*** 0.979
(2.415) (5.868)  (5.690) \2.147
Jiangsu 6.10% Factor increase 1.51% 8.33% 19.24%
Growth contribution 0.33% 4.14% 2.60% —-0.98%
Contribution share 5.49% 67.85%  42.67% -16.00%
Factor resilience —-0.054** 0.649*** 0.377*** 0.977
(-2.887) (33.341)  (10.513) \1.653
Zhejiang 3.60% Factor increase 24.53% 213%  11.56%
Growth contribution -1.32% 1.38% 4.36% -0.83%
Contribution share —36.56% 38.42% 121.09% -22.96%
Factor resilience 0.780"*" 0.976
(767.568) \0.862
Anhui 5.26% Factor increase 7.18%
Growth contribution 5.60% —-0.34%
Contribution share 106.50% -6.50%
Factor resilience 0.327° 0.497°" 0.904
(3.058) (5.630) \0.657
Fujian 5.37% Factor increase 2.09% 10.48%
Growth contribution 0.68% 5.21% -0.52%
Contribution share 12.72% 96.91% -9.64%
Factor resilience 0.295"" 0.520"° 0.978
(4.963) (9.870) \1.550
Jiangxi 4.40% Factor increase 2.45% 7.78%
Growth contribution 0.72% 4.05% -0.37%
Contribution share 16.43% 92.05% —8.48%
Factor resilience 0.126*** 0.376*** 0.286**  0.065*** 0.985
(6.778) (3.915) (3.108) (5.097) \1.379
Shandong 5.82% Factor increase 29.28% 1.88% 6.34%  19.09%
Growth contribution  3.69% 0.71% 1.81% 1.24% -1.63%
Contribution share  63.37% 12.11% 31.14%  21.38% —-28.00%

Note. The interpreted variable is InG1. *, **, and *** are, respectively, significant at 10%, 5%, and 1% levels. The T values are in parentheses.

industry, as shown by its contribution rate of more than 70
percent. The growth of the tertiary industry in Shanghai,
Zhejiang, and Fujian benefited from physical and human
capital. Energy factors played an important role in the
growth of the tertiary industry in Anhui and Jiangxi. The
elements of innovation (technology transactions) have
significantly affected the growth of the tertiary industry in
Jiangsu and Shandong that are, respectively, first and second
in the ranking for the growth rate of East China’s tertiary
industry. The elements of innovation (technology transac-
tions) are positively and significantly related to industrial
development and are conducive to the formation of regional
industrial competitive advantages.

3.4. Simulation Model Construction and Data Simulation.
The economic system is nonlinear and counterintuitive, and
a System Dynamics Method is better suited to describing a
complex economic system. The model regression results set
out in Tables 1-3 help to construct a simulation system for

economic growth which is based on the economic growth
subsystems of seven provinces and cities. The system dy-
namics model is more concise and clearer when it is based on
economic theoretical analysis and data regression results.
Different subsystems have their own characteristics, and
their requirements for input elements diverge. Some regions
depend on a variety of input factors for economic growth,
while others require fewer input factors. The Shanghai sub-
system has the smallest number of input elements. The main
input elements of the economic growth system are advanced
human capital, energy consumption, and physical capital; the
elements of innovation (technology transactions) are not
reflected in the system. The volume of technological trans-
actions in Shanghai is very high, but its contribution to
Shanghai’s economic growth is limited, which reflects the
characteristics of innovative externalities. It is important to
note that innovative elements contribute more to the eco-
nomic growth of other regions. Jiangsu has the biggest
number of input factors in the subsystem, and all the eco-
nomic model’s factors (see equation (4)) are found to
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TaBLE 2: Output elasticity of secondary industry.
. Technology Adj. R\D.
Regional growth K H, H, H; E T progress W,
Factor resilience ~0.121" 10557 0.920
(~2.970) (24.148) \1.608
Shanghai Factor increase 13.79% 4.32%
— 0,
1-20% Growth ~1.66% 4.56% 0.66%
contribution
Contribution share -46.76% 128.22% 18.54%
Factor resilience 0.143** 0.202** -0.051** 0.644*** 0.073*** 0.998
(3.423) (2.782) (-2.766) (6.129) (6.612) \2.310
. Factor increase 26.44%  —2.06% 23.07% 8.33% 19.24%
Jiangsu 6.10% Growth
o 3.77% -0.42% -1.18% 5.36% 1.40% -0.20%
contribution
Contribution share 43.14% -4.76% -13.54% 61.40% 16.07% -2.31%
Factor resilience 0.135"" 0.803"" 0.997
(17.632) (96.165) \1.664
1 0y 0,
Zhejiang 3.60% Fact(c;i ;?viflease 24.53% 5.75%
o 3.32% 4.62% -0.34%
contribution
Contribution share 43.71% 60.79% -4.51%
Factor resilience —1.258*** 0.851*** 0.109** 1.128*** 0.994
(-11.607) (4.371) (2.577) (10.235) \2.005
1 —_ 0, 0, 0 0,
Anhui 5.26% Fact(c;olvlziflease 2.83% 0.97% 14.64% 7.18%
. 3.56% 0.82% 1.59% 8.10% -1.15%
contribution
Contribution share 27.54% 6.38%  12.33% 62.65% -8.90%
Factor resilience 0.380*** 0.580*** 0.078** 0.994
(24.071) (26.638) (2.751) \1.143
1 0 0, 0
Fujian 5.37% Factgiol‘r,l;;ease 25.91% 2.09%  22.35%
. 9.84% 1.21% 1.75% -2.10%
contribution
Contribution share 91.95% 11.33% 16.32% -19.60%
Factor resilience 0.130**  —-0.341** 1.069*** 0.994
(2.647) (-3.121) (7.403) \1.338
1 0, —_ 0, V)
Jiangxi 4.40% Factgi (:?Vi;ease 35.79% 1.24% 7.78%
.. 4.69% 0.42% 8.33% —0.48%
contribution
Contribution share 36.19% 3.26% 64.28% -3.73%
Factor resilience 0.323*** 0.564*** 0.194* 0.991
(20.887)  (6.295)  (1.983) \1.499
Shandong Factor increase 29.28%  -0.87%  1.88%
0y
>-82% Growth 9.46%  -0.49%  0.36% ~1.32%
contribution
Contribution share 117.97% —6.08% 4.53% -16.41%

Note. The interpreted variable is InG2. *, **, and *** are, respectively, significant at 10, 5, and 1 percent levels. The T value is in parentheses.

positively affect economic growth. In particular, innovation
factors are found to have significantly contributed to the
development of Jiangsu’s first, second, and tertiary industries.

The diversification of input factors in the economic
system can reduce excessive dependence on a certain pro-
duction factor. The positive effect of innovative elements can
ensure the sustainability of growth, which raises the question
of how a change in factor input will impact the existing
economic system. System simulation helps to answer this
question by simulating the result of changing input factors in
the economic system. This research will use Vensim 5
software to build a system dynamics simulation model (see
Figure 1).

When constructing the model, the output factor elas-
ticity and factor growth rate data are used in Tables 1-3.
Taking the Shanghai subsystem in Figure 1 as an example,
the variables in the system are Shanghai GDP, Shanghai
Primary Industry Growth Rate (Shanghai GDPIlgr),
Shanghai Secondary Industry Growth Rate (Shanghai
GDP2gr), Shanghai Tertiary Industry Growth Rate
(Shanghai GDP3gr), Shanghai Primary Industry Output
Value (shgl), Shanghai Secondary Industry Output Value
(shg2), Shanghai Third Industrial output value (shg3),
Shanghai senior human capital growth rate (Shanghai H3),
Shanghai physical capital growth rate (shanghaiK), and
Shanghai energy consumption growth rate (shanghaiE).
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TaBLE 3: Output elasticity of tertiary industry.

. Technology Adj. RAD.
Regional growth K H, H, H; E T progress W,
Factor resilience 0.604"" 0.458""* 0.988
(9.974) (4.687) \2.714
Shanghai Factor increase 13.79% 7.94%
— 0,
1-20% Cor(l}trr‘i’g“:t}ilon 8.33% 3.64% ~1.01%
Contribution share 76.01% 33.20% -9.21%
Factor resilience 0.526*** 0.383*** 0.130*** 0.998
(50.302) (42.196) (10.612) \2.702
. Factor increase 26.44%  -2.06% 19.24%
Jiangsu 6.10% Growth
contribution 13.91% —0.79% 2.51% -1.63%
Contribution share 99.32%  -5.64% 17.92% -11.60%
Factor resilience 0.349*** 0.503*** 0.219*** 0.997
(21.775) (29.940)  (7.080) \2.127
Zhejiang 3.60% Factor increase 24.53% 213%  11.56%
o 0
Cmirr‘i)g"utt}ilon 8.57% 1.07%  2.53% 1.08%
Contribution share 77.26% 9.67%  22.85% -9.77%
Factor resilience 0.152%" 0.711""" 0.973
(5.954) (25.312) \1.046
1 0, 0,
Anhui 5.26% Faagi;:,iﬁease 31.07% 7.18%
contribution 4.72% 5.11% 1.09%
Contribution share 43.25% 46.79% 9.96%
Factor resilience 0.354*** 0.578*** 0.083** 0.994
(25.233) (29.834) (3.292) \2.924
.. Factor increase 25.91% 2.09%  22.35%
0,
Fujian 5.37% Growth . . . .
contribation 9.17% 121%  1.86% ~1.89%
Contribution share 88.63% 11.67% 17.95% -18.26%
Factor resilience —0.576™"* 13627 0.974
(-8.936) (25.343) \1.340
1 —_ 0, 0,
Jiangxi 4.40% Fact(o; (:aglease 1.24% 7.78%
contribution 0.71% 10.60% 1.08%
Contribution share 5.75% 85.54% 8.71%
Factor resilience 0.422%** 0.492%** 0.081*** 0.988
(18.901) (20.074) (3.709) \1.639
Shandong Factor increase 29.28% 1.88% 19.09%
[
>-82% Coﬁrr?l;ft}ilon 12.37% 0.92% 1.55% ~1.94%
Contribution share 95.82% 7.15% 12.02% -14.99%

Note. The interpreted variable is InG2. *, **, and *** are, respectively, significant at 10, 5, and 1 percent levels. The T value is in parentheses.

The average value of relevant data during the period of = and the simulation cycle runs for 10 times. The trend of

2004-2018 is inserted into the model as the initial variable
value, and the simulated data that is obtained is then
compared against the original real data. The average error is
found to be 10.73 percent, and it is observed that the
simulation model can reproduce the economic growth
system to a good level. The data simulation process is as
follows: fix the values of other variables, increase the
growth rate of a certain input factor, and compare changes
in the total GDP of East China under the condition of
increasing the input of different factors. In turn, all the
same elements in the economic growth model are given a
1% increase in each cycle compared to the previous cycle,

the simulation data of the GDP total indicator is shown in
Figure 2.

As shown in Figure 2, the total GDP increase caused by
the increase in factor inputs is sorted from large to small:
E>K>H,>H;>H;>T. The effect of factor input and
output shows that East China’s current economic growth
mainly relies on energy and material capital input. In other
words, energy and material capital input are suitable for the
region’s current economic system, and regional economic
growth is still extensive. The high-level human capital and
innovation (technology transaction) elements that reflect
technology and innovation capabilities will struggle to play a



FIGURE 2: Simulation results of the effect of factor input on eco-
nomic growth.

leading role in generating growth in the current economic
system.

When the simulation model is used to simulate the input
and output of factors, the input cost of various input factors
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FI1GURE 1: Flowchart of an economic growth simulation system in East China.
GDP| (Trillion yuan) is not considered. The cost of 1 percent increase for different
50.0 input factors is different and does not consider the feasibility
of increasing the input of factors. For example, if there is an
energy crisis, there may not be sufficient energy even if funds
40.0 are in place. The external boundary of this study’s economic
model is therefore relatively stable, and there are not too
many cycles of simulation.
30.0
0.0 3.5. Measurement of Technological Progress and Growth
’ Convergence. Technological progress provides a continued
N impetus for economic growth. At present, in the context of
10.0 — “new normal” economic growth, supply-side reforms, and
0 2 4 6 8 10 structural adjustments, with reference to international ex-
Simulation cycle perience, we are thinking about how to promote techno-
E o 2 3 logical progress and make full use of technological progress
" K w HI e T under the current situation. Technological progress is af-

fected by technological change and efficiency. The former
can improve or create new things, such as new product
development. The latter refers to the reduction of inefficient
activities in the process of production operations, such as
economies of scale and management activities. The type of
technological progress depends on different combinations of
two elements: technological change and efficiency change.
Both forms of change develop positively, and then
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technological progress is also developing positively, or at
least one of the two elements is developing positively and
plays a dominant role. Technological changes can change the
frontier of production, and improvements in efficiency are
evidenced when production move to the forefront.
Dynamic imbalance is the “normal” of a healthy econ-
omy. Innovation is an activity of creation and a destruction
of old methods and products. During the process of tech-
nological progress, the impact of technological changes is
significantly higher than that of efficiency changes, as is
confirmed by the practice of developed economies. Since the
middle of the eighteenth century, the three industrial rev-
olutions in human history have been dominated by tech-
nological advances. The promotion of technological and
efficiency changes requires the investment of a large amount
of human, material, financial, and other resources, which
need to be weighed in the allocation of innovative resources.
In order to further analyze technological progress and its
growth convergence, total factor productivity is used as a
measure of technological progress, and the Malmquist Index is
measured. The input-based total factor productivity change
(tfpch) can be expressed by the Malmquist Index, namely,

t t+1 t+1 t+1 t+1 t+1
M = D"yt )><D (0" 00") (6)
o - Dt 4t Dt+1 ot ’
(xo’)’o) (xo’yo)
The Malmquist Index can be combined with the data
envelopment analysis (DEA) Method to measure changes in
population productivity, and the index can be decomposed

into two parts: efficiency (effch) and technology (techch).
The formula of the Malmquist Index can be expressed as

Dt+1 (x(t)‘f'l) yéﬂ) Dt(xgﬂ’ y6+1) Dt(xf), yg)
Dt(xg)yg) {Dtﬂ(x(t)ﬂ’ygﬂ) X Dt+1(xg,y6):|

= effch x techch.

MI =

(7)

Total factor productivity changes can be decomposed
into technology changes (techch) and efficiency changes
(effch), and efficiency changes can be decomposed into pure
technical efficiency changes (pech) and scale efficiency
changes (sech); namely,

tfpch = effch x techch,

(8)
effch = pech X sech,

where effch>1 means efficiency improvement and
effch<1 means efficiency reduction; techch>1 means tech-
nological progress, and techch<l means technological de-
cline. The input-output index is determined on the basis of
the Cobb-Douglas Production Function. Two input-output
models of A and B are used to calculate the Malmquist Index.
Model A (based on the C-D function after factor expansion)
selects primary, intermediate, and advanced human capital,
fixed assets, energy, and technology transaction volume as
input indicators; meanwhile, output indicators are the added
value of the first, second, and tertiary industries. Model B
(based on the classic C-D function) selects total human

capital and fixed assets as input indicators and output in-
dicator as GDP. The calculation results are shown in Tables 4
and 5 (DEAP software is used to calculate the Malmquist
Index).

As shown in Table 4, there are obvious differences be-
tween the calculation results of models A and model B (see
Figure 3). The data of model A indicates that the changes in
East China’s total factor productivity are mainly caused by
technological changes and also indicates that the efficiency
change has remained at 1. The data of model B shows that the
total factor productivity change in East China is composed of
technological and efficiency changes.

As shown in Figure 3, the authors find that the total
factor productivity changes measured by models A and B
show clear fluctuations, and the total factor productivity
measured by model A fluctuates more. Model A also con-
tains more diverse input and output elements than model
B. Theoretical analysis, when combined with factor con-
tribution calculation and data simulation results, suggests
that model A more accurately reflects the real economic
system. There is no obvious feature of technological progress
in East China, as this is subject to different combinations of
two elements, specifically technological change and effi-
ciency change, which have not developed simultaneously.
East China’s production frontier has not significantly
changed, and production activities have moved slightly away
from the production frontier.

The data in Table 5 referring to model A suggests that,
during the research period, East China has maintained an
average annual total factor productivity change of —0.1
percent. Efficiency sources are the main source of the slight
decline in total factor productivity. Shanghai shows the
highest level of change in total factor productivity and
maintains an annual growth rate of 3.9 percent. Changes in
total factor productivity in Jiangsu, Zhejiang, and Shandong
are all greater than 1. The measured values of various in-
dicators of model B are slightly lower than those of model
A. The factor productivity of the multifactor production
function model is better than the classic model’s counter-
part. The efficiency change value fluctuates around the index
value 1, the fluctuation range is small, and the efficiency
change presents a convergence characteristic, which indi-
cates that efficiency changes tend to be stable. During the
study period, there appeared to be no obvious technological
progress in East China as a whole, which once again il-
lustrated the extensive characteristics of economic growth in
East China. The sustainability of economic growth in East
China does, however, continue to be confronted by chal-
lenges. Shanghai, Jiangsu, and Zhejiang are provincial-level
regions that can be regarded as engines of technological
progress in East China.

4. Results and Discussion

In the case of the determinism of economic growth, there
continues to be disputes about capital, human, and system
change and technology determinism. Given China’s ongoing
economic transformation and development, a heteroge-
neous multifactor model that incorporates human and
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TABLE 4: Malmquist Index summary of annual means.

Year tfpch techch effch pech sech tfpch techch effch pech sech
2005 0.805 0.805 1.000 1.000 1.000 0.817 0.777 1.052 1.025 1.026
2006 1.207 1.208 0.999 1.000 0.999 0.838 0.849 0.987 0.998 0.989
2007 0.949 0.948 1.001 1.000 1.001 0.862 0.894 0.964 0.994 0.970
2008 0.997 0.997 1.000 1.000 1.000 0.875 0.916 0.955 0.998 0.957
2009 0.970 0.970 1.000 1.000 1.000 0.901 0.981 0.918 0.986 0.931
2010 0.892 0.892 1.000 1.000 1.000 0.901 0.965 0.933 0.986 0.947
2011 1.009 1.009 1.000 1.000 1.000 0.946 0.976 0.968 0.956 1.012
2012 0.992 0.992 1.000 1.000 1.000 0.942 0.984 0.958 0.938 1.021
2013 1.003 1.003 1.000 1.000 1.000 0.983 1.014 0.969 0.952 1.018
2014 0.968 0.968 1.000 1.000 1.000 0.994 1.029 0.966 0.952 1.015
2015 1.350 1.350 1.000 1.000 1.000 1.478 1.516 0.975 0.969 1.007
2016 1.007 1.012 0.994 1.000 0.994 1.085 1.104 0.983 0.985 0.998
2017 0.943 0.938 1.006 1.000 1.006 1.081 1.079 1.002 0.992 1.011
2018 1.000 1.007 0.993 1.000 0.993 1.073 1.056 1.016 1.000 1.016
Mean 0.999 1.000 0.999 1.000 0.999 0.973 0.999 0.974 0.981 0.994
Model A B
TaBLE 5: Malmquist Index summary of areas means.

Region tfpch techch effch pech sech tfpch techch effch pech sech
Shanghai 1.039 1.039 1.000 1.000 1.000 1.026 1.026 1.000 1.000 1.000
Jiangsu 1.027 1.027 1.000 1.000 1.000 1.011 1.010 1.001 1.000 1.001
Zhejiang 1.016 1.016 1.000 1.000 1.000 0.989 1.009 0.981 0.986 0.994
Anhui 0.966 0.966 1.000 1.000 1.000 0.933 0.979 0.953 0.959 0.994
Fujian 0.987 0.987 1.000 1.000 1.000 0.987 0.997 0.991 0.982 1.009
Jiangxi 0.958 0.958 1.000 1.000 1.000 0.905 0.972 0.931 0.958 0.972
Shandong 1.004 1.008 0.996 1.000 0.996 0.964 0.999 0.965 0.980 0.985
Mean 0.999 1.000 0.999 1.000 0.999 0.973 0.999 0.974 0.981 0.994
Model A B

1.500 | tfpch analysis and system dynamics simulation research will be

100 f able to better simulate the economic growth process.

In turning to East China’s overall economic system, we
have found physical capital and energy are the main driving
forces behind economic growth. The simulation results show
that increasing the input of energy, material capital, and in-
termediate human capital will be most conducive to economic
growth. The study of the three industries suggests that the main
driving factors behind the growth of the primary industry are
energy and intermediate human capital; the main driving
factors behind the growth of the secondary industry are
physical capital and energy; the main driving factors in the
growth of the tertiary industry are physical capital (interme-
diate and senior), human capital, and energy. East China still
has not shaken off the mode of extensive growth and the
regional advantages of innovation; high-level human capital
has not yet been fully utilized. The mode of extensive growth is
difficult to sustain over a long period of time and cannot meet
the requirements of supply-side reform.

The results of Malmquist Index calculation indicate there
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FiGgure 3: Trend of simulation results of model A and B.

material capital and innovation and energy consumption
can better describe the drivers of economic growth in
Eastern China and can also more effectively distinguish the
growth process of different provinces and industries. A
combination of multifactor growth model regression

is no obvious technological progress in East China as a
whole, which once again illustrates the extensive charac-
teristics of economic growth in this region. The sustainability
of economic growth in East China continues to be con-
fronted with challenges. Shanghai, Jiangsu, and Zhejiang are
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provincial-level regions that can be regarded as engines of
technological progress in East China.

With regard to the study of different provinces, Shanghai
and Jiangsu can be viewed as two typical regions. The main
input elements of Shanghai’s economic growth subsystem
are energy, physical capital, and advanced human capital.
Shanghai is the engine of economic growth in East China
and even the whole country; it has an adequate supply of
people (high-level human capital), finance (material capital),
and the materials (energy) required for economic devel-
opment and therefore presents a high-input and output
growth model. If Shanghai continues to maintain the current
economic system, and if the city continues to be the region’s
locomotive of economic growth, a large amount of material
capital, energy, and high-level human capital will be re-
quired as factor inputs. This undoubtedly entails a high
consumption of input factors, and the city may not be able to
maintain high growth in factors such as material capital,
energy, and advanced human capital in the future. The input
elements required by Jiangsu’s economic subsystem are
more diversified, and its innovation elements have a sig-
nificant effect on economic growth. Elementary, interme-
diate, and senior human capital have their own uses. This
model is more adaptable and resistant to human capital
supply risks than the Shanghai subsystem, which mainly
relies on senior human capital, and it can also provide more
diverse employment opportunities. In order to alleviate the
pressure on Shanghai as a growth engine, the Jiangsu growth
model should be promoted, and Jiangsu should be endorsed
and promoted as a leading producer of economic growth in
the region; in addition, provinces with innovation capa-
bilities and innovative output (such as Shandong) should be
elevated and celebrated as new economic growth points.

5. Conclusions

In the process of economic growth in East China, material
capital is still the main driving force. However, energy factors
do have a specific research significance. Although they do not
currently play a leading role in producing economic growth,
they have been shown to be a huge driving force behind growth
in system simulation. In the future, material capital will play a
role in output elasticity and growth rate. There may be a
declined importance of energy as a result. Simple and extensive
increases in energy input will increase environmental pollution
and overwhelm the environment. Measures such as the de-
velopment of new energy and clean energy and the optimi-
zation of energy consumption structure could improve the
efficiency of the allocation of energy elements and also promote
relevant technological progress.

Separate regions have different economic growth pat-
terns and levels of need for input elements. The output
elasticity of an input element in a certain province is low, and
the output elasticity of another area may be relatively high.
Factor Utilization Efficiency could be improved if the ra-
tional flow of input factors is promoted across regions. The
structural optimization and rational flow of input factors will
promote the improvement of the industrial/economic
structure, encourage supply-side reforms, and drive the
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transformation of the economic system from an extensive
growth model to a sustainable growth alternative.
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