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Abstract

The research on human capital, industrial structure upgrading and economic growth has always been one of the
focus issues in academia. The existing literature is developed from different perspectives. First of all, the
research on human capital mainly focuses on the research of human capital and economic growth, including the
relationship between total human capital and economic growth, the relationship between human capital structure
and economic growth, and the relationship between healthy human capital and economic growth. Secondly, the
research on the upgrading of industrial structure includes the upgrading of industrial structure and economic
growth, the influencing factors of the upgrading of industrial structure and so on. Among them, the influencing
factors mainly include technological progress, market supply and demand, population, trade and government
policies. Thirdly, the research on the impact of human capital on the upgrading of industrial structure mainly
includes the matching of heterogeneous human capital and industrial structure, and the impact mechanism of
human capital on industrial structure. This paper systematically reviews the development of literature on human
capital, industrial structure upgrading and their relationship, and points out the problems existing in the literature,
possible improvements in the future and several issues that may need attention in the future.
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1. Introduction

The research on human capital, industrial structure upgrading and economic growth has always been one of the
focus issues in academic circles, and there is a close relationship among them. Around human capital, industrial
structure upgrading and economic growth, scholars have done a lot of research. This paper tries to systematically
review the development of literature research on human capital, economic growth and industrial structure
upgrading, summarize and prospect the shortcomings of current research, and some possible improvements in
the future in this field.
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Figure 1. Literature review framework

The following specific arrangements are as follows: the second part introduces the methodology; the third part
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introduces the literature review of human capital and economic growth; the fourth part introduces the literature
review of industrial structure upgrading and economic growth; the fifth part introduces the literature review of
human capital and industrial structure upgrading; the sixth part is the conclusion.

2. Methodology

The author searched 109 papers from SSCI (Social Science Citation Index) and CSSCI (China Social Science
Citation Index). Through the key words of "industrial upgrading", "human capital", "economic growth",
"heterogeneity”" and "matching", the specific paper list is obtained. Among them, SSCI papers are mainly from
Elsevier, Springer, Wiley and other international authoritative academic publishers' websites, and CSSCI papers
are mainly from CNKI (China National Knowledge Infrastructure).

3. Human Capital and Economic Growth

An important "fact" of economic growth is that many countries have experienced long-term and stable economic
growth (Kaldor, 1963), especially some developed countries have entered a period of sustained and stable
economic growth after entering the 1950s. In this context, the research on the relationship between human
capital and economic growth is emerging.

One view is that the accumulation of human capital is an essential factor in the production of goods and services,
which can promote economic growth. In other words, there is a positive relationship between the growth of
human capital per capita and the output per capita. Solow (1956) found that the exogenous rate of technological
change attached to the labor force offset the decrease in return on capital. But there are some defects in Solow's
growth model, which ignores the externality of technological change and is difficult to define. Technological
change can be understood as an unobservable residual "explanation" factor (i.e. "growth surplus") after other
observable factors are considered. In order to make up for the shortcomings of Solow model, Schultz (1961)
reinterprets the problem of "growth surplus" in the form of "human capital". Becker (1964) studied human
capital investment, income and career choice from the micro level, and further improved the deficiencies of
Schultz research. Since then, the concept of "human capital" has been widely concerned by economists, and has
been introduced into the study of growth. Uzawa (1965) and Lucas (1988) further introduced the concept of
"human capital" into a modern growth model. In this model (Lucas Uzawa theoretical framework), the
production technology of workers is accumulated through endogenesis, that is, investment decision-making
(school education, vocational training and work practice) aiming at wealth maximization reduces current
consumption and improves future labor productivity and income. Under the steady-state equilibrium, the
economic material capital and human capital grow at the same endogenous speed, and support the long-term
economic growth. There is no distortion in human capital investment decision, and economic growth is efficient.
Unfortunately, although the model supports human capital to promote sustained economic growth, it does not
explain the specific details of the role of labor market and human capital investment in decision-making. Arrow
(1962) put forward the "learning by doing" model. Using Cobb-Douglas production function, a production
function with increasing returns to scale was derived, which endogenously generated the process of knowledge
acquisition by workers. Arrow believed that workers acquire knowledge through learning, and constantly
summarized experience, and then transformed knowledge into technology. Technological progress is the result of
knowledge accumulation. Although Arrow didn't mention the concept of human capital, he has realized the
importance of human capital accumulation. Later, Romer (1986), Stokey (1988) and young (1991) further
deepened on the basis of Arrow (1962), and put forward the knowledge spillover model, believing that
knowledge can promote economic growth.

In addition, Mankiw, Romer, and Weil (1992), Barro and Lee (1996, 2013) and Barro (1997, 2013) also draw a
similar conclusion that human capital can promote economic growth. However, Barro's research only considers
the "quantity" of human capital, that is, it mainly uses the average education level to measure human capital. In
order to fill the gap in the research on the "quality" of human capital, Hanushek & Woessmann (2012) used
standard test scores to measure the cognitive ability at the national level, making the research more
comprehensive. Another view is that the accumulation of human capital promotes economic growth because the
educated and trained skilled workers are more likely to promote new technological innovation and accept new
production technologies. Nelson & Phelps (1966) believed that higher level of human capital improved
economic growth through production technology progress and application of technology. Welch (1966) found
evidence from the micro level to support this view, he found that educated workers are more likely to accept new
technology; similarly, Foster & Rosenzweig (1996) found that in India, educated farmers are more likely to
adopt new seed technology.

It is worth noting that the growth trend among countries is not the same. Some countries rely on the
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accumulation of human capital (material capital) to rise rapidly and achieve high-speed growth, while others are
in a low growth state. In order to explain this growth problem, Becker et al. (1990) and Azariadis et al. (1990)
successively proposed models on multiple growth equilibrium problems, and they agreed that human capital
would lead to more human capital production. The human capital sector (for example, the education sector) is an
intensive user of skilled workers. With the increase of human capital stock, the return rate of human capital
investment in a country may rise rather than fall. This is because the larger the stock of human capital, the
cheaper it is to produce more human capital. In this way, different countries may lead to different development
paths due to different initial endowments, thus forming a variety of stable states. There may be low output, a
small amount of human capital investment and a high birth rate, as well as a high return, more investment,
technology and growth, and a low birth rate.

Traditional economic theory affirms that the accumulation of human capital is one of the fundamental reasons
for promoting economic growth. However, scholars, represented by Daron Acemoglu, Simon Johnson and James
Robinson (AJR for short), who insist on the viewpoint of "system determines growth", believe that system is the
fundamental reason for growth. Superior system can improve human capital accumulation and TFP (Total Factor
Productivity), and finally achieve growth (Acemoglu, 2014). That is to say, AJR believes that institution is the
root cause of human capital accumulation, and Acemoglu et al. (2001, 2005) studies on Africa and Europe
provide detailed evidence to supporting his view. Among them, Acemoglu et al. (2001) is the most representative.
They use the mortality rate of early European colonists in the colonies as the instrumental variable of the system
to estimate the contribution of the system to growth. However, the evidence of AJR is questioned by Glaeser et
al. (2004). They believe that AJR ignores the possibility that colonists will flow into more high-quality
immigrants in the process of "inclusive" colonial rule, thus improving the level of human capital in the region.
That is to say, the difference of human capital level leads to the difference of system, which is the root cause of
the difference of growth. The accumulation of human capital is the fundamental driving force of growth.
However, Acemoglu et al. (2014) found new evidence to try to overturn Glaeser et al. (2004). From this point of
view, AJR and Glaeser are arguing about whether the cause of growth is institutional difference or human capital
level difference. Although the debate about the reasons for growth is still unresolved, it is beneficial to promote
the development of the theory in this field.

Focusing on the study of China's problems, the research on human capital and economic growth has also
produced fruitful results. It can be seen from the literature development in recent years that the domestic scholars
generally believe that the accumulation of human capital is an important factor to improve China's economic
growth.

3.1 Total Amount of Human Capital and Economic Growth

Tang (2006) analyzed China's human capital stock through the Solow model and Lucas model introducing
human capital. He found that since the reform and opening up, China's human capital stock has been increasing,
which leads to the increase of per capita physical capital. He confirmed that the increase of marginal return of
human capital has promoted the increase of per capita physical capital and capital output ratio. Dai & Bie (2006)
discussed the choice of FDI (Foreign Direct Investment) industry in developed countries and the economic
growth of developing countries within the framework of an endogenous growth model of both developed and
developing countries. They found that whether FDI can bring technological progress and economic growth to
developing countries depends on the accumulation of human capital in developing countries. Wei et al. (2009)
found that human capital significantly promoted economic growth, but human capital structure had a negative
impact on economic growth. Zhang (2015) reevaluated the stock of human capital and material capital in China,
and found that the contribution of human capital to China's economic growth is relatively low, which is reflected
in that the economic growth is still mainly realized by labor-intensive industries and additional investment, and
improving the contribution of human capital is the key to realize industrial transformation and upgrading and
economic growth.

3.2 Human Capital Structure and Economic Growth

Based on Mankiw, Romer & Weil (1992) (referred to as "MRW" model), Yu (2006) constructed an endogenous
growth model including human capital to analyze the impact of human capital investment structure on economic
growth. He thinks that the importance of human capital investment to economic growth is greater than that of
material capital. Ou & Liu (2010) analyzed the relationship between comprehensive advantages of human capital
and economic growth from the perspective of heterogeneity and adaptability of human capital. They found that
although the overall level of human capital in developing countries is relatively low, they can still form
comparative advantages and promote economic growth under the condition of good coordination and matching
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between heterogeneous human capital and industrial structure, material capital investment and technology. Li et
al. (2010) used the upgrading panel data to empirically find that senior human capital measured by the
proportion of employees with higher secondary school experience contributes more to per capita output; primary
human capital measured by the proportion of employees with lower education background contributes less to per
capita output. Chen & Ma (2011) reflected the heterogeneity of human capital by constructing the dispersion of
human capital (the degree of deviation between individual and average), and analyzed the relationship between
human capital and economic growth. He found that the dispersion of human capital in areas with high (low)
human capital stock is driven by the proportion of high (low) education population; and on the premise of the
increase of dispersion of human capital, the economic growth in areas with high (low) human capital stock is
relatively slow. Zhang (2012) analyzed the slow technological progress of enterprises in China by establishing a
model of technological progress investment and human capital investment. He believed that the complementary
form between human capital and technological progress was determined by the "short side rule", while the lower
education return in China led to the slow accumulation of human capital, which affected the speed of
technological progress, making enterprises Technological progress is slow. Tao et al. (2012) found that the
optimization of China's human capital structure has a significant role in promoting the comparative advantage of
manufactured products, which is more conducive to improving the technical content of manufactured products.
Based on the theory of system coupling, the interaction between human capital and economic growth was
studied by Wei & Zhou (2013). They found that the coupling degree between provincial human capital and
economic growth is relatively low, and gradually decreasing from east to west. The eastern and northeast regions
pay more attention to the innovation ability of human capital, and the central and western regions pay more
attention to the imitation ability of new technology.

3.3 Healthy Human Capital to Economic Growth

On the research of healthy human capital on economic growth, Fogel (1994a, 1994b, 2002,2004), Barro (1996);
Roberts (2006) and other researchers have discussed the impact of healthy human capital and economic growth.
Their views can be described from the following aspects: firstly, food supply can alleviate famine, avoid
malnutrition and other diseases caused by long-term hunger, and improve the overall health and utility level of
human beings, but it may also lead to the aging of population. Secondly, the improvement of food supply and
nutrition level can enhance human body and labor productivity, which is one of the main reasons for economic
growth. Wang (2015), a domestic scholar, has a systematic summary of the research progress on the relationship
between health and economic growth and economic development. He thinks that the existing literature explains
the relationship between health and economic growth from three aspects: firstly, health influences production
function through various direct or indirect ways; secondly, health affects individual utility level, and then affects
material capital / human capital investment in the way of healthy consumption / investment; thirdly, economic
growth / development influences food, nutrition consumption and so on level of health.

Foreign literature is in a relatively mature stage from the perspective of research, quantity and other aspects,
while domestic research on such issues started late. Yang et al. (2006) combined human capital in the form of
education capital and health capital in the form of Cobb-Douglas to build an endogenous growth model,
believing that the stock and accumulation of human capital contribute to economic growth. Wang et al. (2008)
found that there is a positive correlation between the growth rate of healthy human capital investment and
economic growth, while whether the positive correlation between healthy human capital investment and
economic growth depends on the size of the former's crowding out effect on material capital, and the transition
of healthy investment can be detrimental to economic growth. Wang (2012) further explored the relationship
between healthy human capital, material capital and consumption and the impact on economic growth through
the expanded Ramsey model. He found that the healthy human capital of Vogel type from consumption and
nutrition could not become the driving force of endogenous economic growth, and could not produce long-term
economic growth mechanism by itself. And cross-border data are used to test that the health investment gap can
significantly affect the output of countries (Wang, 2016).

4. Industrial Structure Upgrading and Economic Growth

With the development of economy, an important law of industrial structure change is "Kuznets fact". First
discovered by Kuznets (1957, 1973), kongsamut et Al. (2001) summarized the law of industrial change as
"Kuznets facts", that is, the general law of industrial structure change is that with the rising of per capita GDP,
the share of output value of agricultural sector in GDP is on the decline, the share of industrial sector is relatively
flat, and the share of service sector is on the rise.

According to Lin (2002), the optimal industrial structure and technological structure are determined by
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endogenous factor endowment structure. The key factor for developing countries to achieve economic
convergence is whether the government follows the principle of comparative advantage of factor endowment to
guide the development direction of industrial and technological selection. Cai Fang et al. (2009) analyzed the
evolution process of China's regional leapfrogging industry, and believed that based on the differences of China's
regional economic development, the industrial transfer in the form of "wild goose array" could be realized in
China, that is, the industrial layout in the form of industrial upgrading and transfer in coastal areas and industrial
undertaking in the western and central regions, and the development of labor-intensive industries in the central
and western regions based on rich comparative advantages of labor force. Zhang & Wang (2009) found that the
contribution of industrial structure changes to economic growth lies in two aspects: the gap of factor allocation
efficiency between industries and the direction of resource transfer between industries. The greater the efficiency
of factor allocation among industries, the greater the contribution of industrial structure changes to economic
growth.

Some scholars believe that China's economy has potential hidden dangers under the appearance of rapid growth.
For example, Liu et al. (2014) believed that there was a serious imbalance behind the rapid growth of China's
economy, and a U-shaped trend. Among them, the industrial structure has been in a state of light or moderate
imbalance for a long time, and has further intensified into a state of severe imbalance after 2002. Li et al. (2016)
found that the tertiary industry has a greater contribution to the economic growth of eastern provinces, the
secondary industry has a greater contribution to the economic growth of central provinces, while the economic
growth of western regions is more dependent on the primary industry.

The existing literature mainly focuses on the following factors affecting the upgrading of industrial structure.
4.1 Technological Progress

Technological progress is one of the important determinants of industrial structure transformation and upgrading.
At present, literature research focuses on two aspects. Firstly, it is demonstrated that technological progress is an
important determinant of industrial structure changes. Liu et al. (2005) found that there was an internal
correlation between the development of technological science and the industrial structure change of the long
wave phenomenon of economy. Zhang & Wang (2009) believes that the higher the level of economic
development, the stronger the dependence of economic growth on technological progress. To achieve economic
growth, we should not only pay attention to capital deepening, but also emphasize the importance of
technological progress and industrial structure upgrading. (Wu, 2005). Sun (2008) believes that enterprise
innovation is conducive to the cultivation of new industries, gradually replacing the old industries, in order to
achieve the purpose of industrial upgrading. But the premise of enterprise innovation is that the demand structure
can be upgraded, and enterprise innovation needs enough demand space. Fu Hong et al. (2013) found that
innovation has a positive role in promoting the upgrading of industrial structure. Tao & Zhou (2016) thought that
there was a non-linear characteristic between technological innovation and industrial structure upgrading. In
addition, technology selection played a very important role in industrial structure upgrading. Huang & Li (2009)
built a model of the relationship between technology selection, industrial structure upgrading and economic
growth. They found that the industrial structure upgrading should follow the principle of regional comparative
advantage of factor endowment to select technology, and then guide the direction of industrial structure
upgrading. Secondly, it explores the transmission mechanism of industrial structure changes caused by
technological progress. Chen (2008) constructed an economic growth model with different technological growth
rate of intermediate products, emphasizing the importance of technological progress and the impact of
technological growth rate on the change of industrial structure. This model explains that the difference of
technology growth rate among the middle sectors leads to the difference of product price, and finally leads to the
change of economic structure. This general model can explain the direction of industrial structure change by
comparing the middle sector with the three major industries, which is basically consistent with the conclusion of
"Kuznets fact".

4.2 Market Supply and Demand

Some scholars think that consumption structure is the factor that determines the direction of industrial structure
change. Ren (2002) believed that the resource structure determines the industrial structure in the natural
economy, while the income level determines the demand structure in the market economy, and the demand
structure determines the industrial structure. Therefore, he proposed that narrowing the income gap between
regions would help to achieve the convergence of regional structural industries. Qiao & Zhou (2004) emphasized
that the upgrading of industrial structure is based on the upgrading of demand structure. They believe that there
is an inevitable relationship between the change of residents' consumption and the change of industrial structure
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because the adjustment of market mechanism ensures that the structure of social output is basically the same as
that of demand. With the upgrading of residents' income level and consumption structure, the industrial structure
will also be upgraded. Under the condition of closed economy, the change of industrial structure mainly depends
on consumption structure, while under the condition of open economy, the change of industrial structure is
jointly determined by consumption structure and import and export structure, and the influence of import and
export structure on the change of industrial structure depends on the scale of foreign trade. Li & Gong (2012)
have similar views, but they emphasized that the gap between the change speed of consumption structure and the
change speed of industrial structure should not be too large. The change of consumption structure slightly faster
than the change of industrial structure can effectively stimulate technological progress and output to achieve the
purpose of promoting industrial upgrading. The change of consumption structure faster than the change of
industrial structure may lead to excessive production pressure Distorted production process is not conducive to
the change of industrial structure. According to Sun (2008), the change of demand structure is an evolutionary
process that includes "quantity" and "quality", while "quality" demand is the driving force of enterprise
innovation, so as to realize the upgrading of industrial structure. In the case of insufficient demand space, the
innovation ability of enterprises will be limited, which is not conducive to the emergence of new industries and
the replacement of old industries, thus hindering economic growth and industrial upgrading. Under the open
conditions, it is also conducive to the economic convergence of later developing countries. Based on the
input-output model, Shen (2011) linked the final demand structure with the tertiary industrial structure, and
found that the final demand structure is the direct factor leading to the formation of industrial structure. Based on
the method of Shen (2011), Jia (2015) analyzed the relationship between the final demand structure and
industrial structure in Jiangsu Province, and reached a similar conclusion.

4.3 Population Factor

The impact of population factors on industrial transformation and upgrading mainly includes population quantity,
population quality and population structure. Among them, population quantity and population quality can be
roughly summarized as human capital, which is the key part of this paper, and will be listed and summarized
separately later. The research of population structure on industrial transformation and upgrading focuses on
population aging. There is a debate about the impact of population aging on the upgrading of industrial structure.
Some scholars believe that the aging population is not conducive to the upgrading of industrial structure, mainly
because the aging population causes China to gradually lose the comparative advantage of labor-intensive
industries. At present, China's human capital stock is relatively low, and the two functions together constitute the
resistance of industrial structure transformation and upgrading (Cai &Wang, 2012). The scholars who hold the
opposite view think that the aging population can promote the upgrading of industrial structure. Wang et al.
(2015) believed that there are two sides to the impact of population aging on industrial upgrading. They promote
the upgrading of industrial structure by increasing the demand of aging industry, prolonging life span, increasing
the accumulation of human capital, accelerating the arrival of Lewis turning point, so as to narrow the wage gap
between the two sectors, and "force" the adjustment of industrial structure. At the same time, due to the decline
of labor productivity, the burden of social aging is increasing. It hinders the upgrading of industrial structure and
finds that the aging population is helpful to the upgrading of industrial structure in China. Liu & Peng (2016)
obtained similar views by building spatial econometric models.

4.4 Trade

There is a causal relationship between foreign trade and industrial structure, which promotes each other.
According to Huang (2010), foreign trade is oriented by industrial structure, while restricting or promoting the
optimization and upgrading of industrial structure. Foreign trade can provide signals for industrial restructuring
and solve the structural shortage (surplus) of domestic product market. The relationship between foreign trade
and industrial structure is mutual promotion and mutual restriction. Li & Jiang (2010) think that the structure of
foreign trade has a high correlation with the industrial structure, and foreign trade has a leading effect on the
industrial structure, especially in labor-intensive industries; foreign trade has a significant impact on the
upgrading of the industrial structure in the long term, but the short-term shortage is not obvious, and the policy
can guide the adjustment of the industrial structure by adjusting the trade structure, Guo et al. (2017) obtained
similar views. However, Ma Ying et al. (2012) believed that although foreign trade promoted economic growth,
it was not conducive to the development of labor-intensive industries. Cheng & Chen (2018) examined the
relationship between foreign trade structure and industrial structure from the perspective of export domestic
value-added, and found that industrial structure and export domestic value-added are mutually causal, and
improving export domestic value-added will help promote the optimization and upgrading of industrial structure.
In addition, there is heterogeneity in the adjustment of regional industrial structure. For example, Zuo (2019)
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found that expanding the export of primary products is not conducive to the upgrading of industrial structure in
the eastern region, but conducive to the rationalization of industrial structure in the central region; the export of
industrial manufactured products is conducive to the upgrading of industrial structure in the eastern and central
regions in China.

4.5 Government Policy

The ways that the government adopts policy measures to influence the upgrading of industrial structure include
fiscal policy and monetary policy. From the point of view of the existing literature, both fiscal policy and
monetary policy have promoted the upgrading of industrial structure to a certain extent, but they have their own
limitations, and they are generally recommended to be used together in policy adoption.

4.5.1 Fiscal Policy

Zhou (2003) thinks that two theoretical and practical preconditions need to be solved for the government to
successfully use fiscal policy to promote the optimization and upgrading of industrial structure: on the one hand,
the implementation of fiscal policy content and means should be unified with the goal of establishing public
financial system; on the other hand, the relevance between national debt investment and industrial structure
adjustment should be fully utilized. In the specific empirical research, more detailed problems have been fully
tested. Through a simple linear regression model, Guo (2004) found that government expenditure plays a key
role in the optimization and upgrading of China's industrial structure. Guo & Lai (2010) compared the panel data
model and found that the effect of fiscal policy on industrial structure adjustment is significant, while the effect
of monetary policy is not obvious. Song & Wang (2013) found that the government subsidy policy can
significantly accelerate the speed of industrial structure adjustment in the short term, but the long-term effect is
not significant, because it does not conform to the market rules with the government subsidy policy. In addition,
they found that the higher the dependence of government subsidies on external financing, capital intensity and
nationalization of industries, the more significant the effect of structural change. Chu & Jian (2014) analyzed the
effect of fiscal policy on industrial structure adjustment from the perspective of aggregate and structure. The
results show that: firstly, from the perspective of gross effect, tax policy promotes the adjustment of industrial
structure, while fiscal policy hinders the upgrading of industrial structure; secondly, from the perspective of
structural effect, education and science and technology expenditure promotes the upgrading of industrial
structure, while government investment expenditure and administrative expenditure hinder the upgrading of
industrial structure. Mao & Liu (2014) found that the fiscal and tax policies have the characteristics of threshold
conversion for the upgrading of industrial structure by building a multi factor panel smooth transition model
(PSTR). Luo & Luo (2016) found that reasonable macro tax burden scale (8.74%-11.44%) can promote the
rationalization and upgrading of industrial structure. The second industry tax and "expenditure adjustment effect”
are conducive to the upgrading of industrial structure, while the third industry tax and labor tax are not
conducive to the upgrading of industrial structure; the capital tax and population urbanization are conducive to
the rationalization of industrial structure, and the industrial tax is not conducive to the rationalization of
industrial structure.

4.5.2 Monetary Policy

Zhang (2014) believed that the expected mechanism of monetary policy would change the fluctuation path of
industrial change due to the "Pigou effect", further leading to the uncertainty of industrial structure
transformation and upgrading. Through the construction of cross industry DSGE model, it is found that the
expectation mechanism based on monetary policy will adjust the direction of policy expectation, so as to adjust
the industrial structure. In addition, different industries have different responses to monetary policy under the
expected mechanism. The short-term effect of labor-intensive industrial transformation is larger, while the
long-term effect of traditional industrial transformation is larger. Pang (2016) believes that monetary policy has
asymmetric effect in the upgrading of industrial structure, and monetary policy has certain limitations, and
encourages the use of fiscal policy and monetary policy. First of all, the response of the three industries to the
impact of monetary policy from strong to weak is in the order of secondary industry primary industry and
tertiary industry. That is to say, the industry has the largest response to the impact of monetary policy, and the
service industry has the smallest response to the impact of monetary policy; secondly, the monetary policy has
limitations on the adjustment of industrial structure, for example, the impact of monetary policy can’t
significantly increase the proportion of high tech manufacturing and modern service industry.
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5. Human Capital and Upgrading of Industrial Structure
5.1 Mechanism of Human Capital's Effect on Industrial Structure Upgrading

After the arrival of Lewis turning point and the gradual disappearance of demographic dividend advantage,
China's economic growth brought by the labor input model gradually fell into a bottleneck. Change the growth
mode, and the upgrading of industrial structure constantly increases the demand for labor skills (Cai, 2012). In
other words, the accumulation of human capital plays an important supporting role in the upgrading of China's
industrial structure. Therefore, understanding the transmission path of human capital driven industrial structure
transformation and upgrading literature is helpful to clarify its internal logic and mechanism of action. The
existing literature views on this part are mainly reflected in the following aspects:

5.1.1 The view of Factor Allocation

The transformation and upgrading of human capital to industrial structure is mainly reflected in the optimal
allocation of factor resources. As a factor of production, human capital not only has the general function of the
factor of production, but also has the function of allocating other factors. Human capital, as an element of
economic activities, has externality, which can effectively reduce the cost of enterprises and improve the
efficiency of R&D. The characteristics of externality are also the core of national comparative advantage (Dai,
2006). The essence of industrial structure adjustment, transformation and upgrading can be understood as the
change of the proportion of many factors of production distribution based on human capital, or the process of
factor resource redistribution. The role of human capital is mainly reflected in the replacement effect and
agglomeration effect on resources (Gao, 2006). Some scholars also believe that, human capital expands the labor
productivity gap between industries through production effect, and it improves the flow speed of production
factors among departments through allocation effect. The two effects determine the direction and speed of
industrial structure transformation and upgrading (Niu et al., 2013). The increase in the level of human capital
accumulation will attract the agglomeration of other factors of production or resources, reduce the cost of
production, and realize the increasing returns to scale. A representative example is the relationship between
human capital and industrial agglomeration. The stock of human capital is an important factor affecting
industrial agglomeration, especially for some high-tech industries (Peng, 2007; Liu, 2008). At the same time,
industrial agglomeration will also promote the level of human capital in the agglomeration area (Wang, 2019),
and even lead to the phenomenon of human capital agglomeration. The relationship between them is not a
one-way causal relationship, but a mutual promoting "symbiotic effect” and "multiplier effect" (Sun, 2008).
However, Wang (2019) found that the effect of industrial agglomeration on human capital accumulation has
obvious regional heterogeneity, only in the eastern coastal areas of China, but not in the inland areas. In addition,
the agglomeration of human capital also has a certain impact on the upgrading of industrial structure. Sun (2017)
thought that there was a "U" relationship between human capital accumulation and industrial structure upgrading,
and there was a threshold effect of economic development level. He found that human capital concentration
would promote industrial structure optimization only when it crossed the threshold. In addition, Ji & Lai (2018)
defined the "precipitation coefficient of human capital" and measured and inspected the allocation of human
capital in China's industries. They found that human capital tends to precipitate among industries. The greater the
degree of administrative monopoly (the smaller), the industry's human capital density is, and the lower the
efficiency of inter sector human capital allocation is, which is not conducive to the improvement of innovation
performance Rise.

5.1.2 The View of Technological Progress

Technological progress is the internal power of industrial upgrading, and technological progress is the inevitable
result of human capital accumulation to a certain stage. The accumulation of human capital is helpful to the
R&D and innovation ability of enterprises. Generally speaking, there are two ways to improve the level of
human capital in a country: firstly, to improve the level of human capital through immigration. Taking Britain as
an example, the rise of Britain is closely related to the entry of immigrants and foreign businessmen. Britain
developed from an island country in the middle Ages to the world's largest industrial country in the 18th century.
During this period, a large number of immigrants significantly improved the level of human capital in the UK in
a short period, and the entry of foreign businessmen brought huge capital. The joint effect of the two factors is
the key factor for the rapid industrialization of Britain (Liu, 2010). Similarly, the development of the United
States is closely related to the absorption of excellent talents in the world, providing human capital support for
the realization of technological progress. Secondly, improve the level of human capital by improving the level of
education, training and health of domestic residents. Individuals with innovative spirit usually have higher
intelligence and abstract thinking ability (Root-Bernstein, 1989), and through professional training in specific
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fields, after mastering professional technology and having sufficient working experience, creative employees are
often the main source of enterprise new ideas (Snell & Dean, 1992), the possibility of its innovation ability being
transformed into new technology will increase. In general, there is a positive correlation between the cultivation
of innovation ability and the level of individual education, that is to say, individuals with higher education
usually have higher innovation spirit (Koellinger, 2007). Education level is the main way of human capital
accumulation, and the improvement of human capital level is conducive to the realization of technical
professionalism and diversity (Hayek, 1945). The higher the level of human capital of managers (e.g., legal
representatives, managers) and employees, the more likely the enterprise is to set up independent R&D
institutions (Wu, 2009). The industry level is more conducive to industrial transformation and upgrading.
However, the low return of human capital and the lack of independent innovation are the main factors restricting
the transformation and upgrading of industrial structure (Zeng, 2009). Although the absolute quantity of labor
force is large, its relative quality is low, resulting in a low level of industrial structure, slow upgrading, and
falling into the "low technology" balance (Zhang, 2010).

5.1.3 The View of Supply and Demand Structure

Change the consumption structure and promote the upgrading of industrial structure. As the carrier of human
capital accumulation, labor plays an important role in both consumption and production. Firstly, when the labor
force is in the role of producer (supply side), it is reflected in promoting technological progress and innovation
through the accumulation of human capital, so as to realize the transformation and upgrading of industrial
structure. Secondly, when the labor force is in the role of consumer (demand side), the accumulation of human
capital, due to the nature of high return on investment, leads to the improvement of labor income, changes of
consumption structure and quality Quantity, then from the product level to promote the change of supply
structure and quality, leading to the change of industrial structure. For example, from the perspective of supply,
Jin (2010) believes that the effective supply of human capital helps to accelerate the industrial transformation
and upgrading. While in China, there are too many low-level human capital and less high-level human capital, so
the supply of human capital cannot adapt to the change of industrial structure. From the perspective of demand,
Gao & Tao (2006) think that the large demand for human capital indicates that the industry is in the growth stage,
while the demand for human capital quality indicates that the industry is in the transformation and upgrading
stage.

5.2 The Upgrading of Industrial Structure by Heterogeneous Human Capital

The existing literature roughly distinguishes the impact of human capital heterogeneity on industrial structure
upgrading from the following two perspectives.

5.2.1 Primary Human Capital, Intermediate Human Capital and Senior Human Capital

It is mainly based on the level of education. Li et al. (2010) found that the contribution to per capita output is
from high-level human capital (the proportion of people with college degree or above in employment),
middle-level human capital (the proportion of people with middle school degree in employment) and primary
human capital (the proportion of illiterate and primary school degree in employment). He Julian, Li & Zhao
(2013) studied the impact of higher education human capital on the optimization and upgrading of industrial
structure, and found that it has a significant role in promoting industrial updating. Liu et al. (2018) believe that
the characteristics of the upgrading of human capital structure are gradual evolution from primary human capital
to senior human capital, and the upgrading of human capital structure has a significant role in promoting the
upgrading of technology structure and industrial structure. Moreover, their research can better explain the
reasons for the differences in the development of the eastern and western regions.

5.2.2 Skilled Human Capital and Innovative Human Capital

Firstly, skilled human capital. The realization of sustained economic growth requires the adjustment of industrial
structure. Industrial structure adjustment (upgrading) means that the demand for different types of human capital
changes, especially the corresponding adjustment and matching of skilled human capital and industrial structure
(Wang, 2011). Secondly, innovative human capital. Innovative human capital can be further divided into
technological innovation human capital and management innovation human capital. Technological innovation
human capital can be regarded as scientific researchers (for example, scientists, engineers, etc.) in the process of
technological development, which is the source of technological progress and the guarantee for the industry to
maintain sustainable competitiveness (Zhu & Li, 2007). According to the law of industrial change, it generally
evolves along the path from labor-intensive industry to capital intensive industry and then to technology
intensive industry, especially the demand of technology intensive industry for technological innovation human
capital is large, but the contribution of innovation human capital to the economic growth of high-tech industry is
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low as a whole, and the supply of human capital still has the problem of "quality" (Huo, 2010). Only
technological innovation can’t directly affect the upgrading of industrial structure so as to achieve economic
growth. It needs to be supplemented by advanced and reasonable institutional arrangements, that is, institutional
innovation. System innovation includes property right system innovation and management system innovation.
The main body of institutional innovation is usually entrepreneurs with vision. Entrepreneur human capital plays
an important role in the innovation of single enterprise and industrial cluster (Lin, 2009). On the one hand, it is
reflected in system innovation, such as the design of incentive system and the diversification of enterprise
property right structure; on the other hand, it is reflected in the integration and distribution of other resources
(including other types of human capital) in the process of operation.

5.3 Coordinated Matching of Human Capital Structure and Industrial Structure

At present, China's human capital level is still at a relatively low level in terms of total amount, which is
characterized by more low-level human capital and unbalanced distribution of regional human capital, which
also affects the direction and speed of industrial structure adjustment (Jin, 2010). The level of human capital not
only determines the optimal allocation ability of labor among industries, but also determines the type of
technological progress (Jin, 2011). In particular, the upgrading of industrial structure is constrained by the human
capital structure in the process of evolution from labor-intensive to technology intensive (Tang, 2014).

According to the research on the relationship between the distribution structure of human capital and industrial
structure, the existing literature basically supports the view that the distribution structure of human capital is not
conducive to the optimization and upgrading of industrial structure. Specifically, Zhang & Li (2011) found that
the coordination and adaptation level of talent structure and industrial structure in each province was not high
based on the coupling system of talent structure and regional industrial structure constructed by synergetics
theory. Zhang (2014) measured the coupling degree and correlation degree between human capital stock and
industrial structure by using the grey correlation analysis method. They found that although there was a strong
interaction between human capital and industrial structure evolution, the coupling degree was not particularly
ideal, which led to low efficiency of factor allocation. Zhang & Jiang (2016) found that the level of human
capital can promote the rationalization and advancement of industrial structure by building a spatial panel data
model, but the current distribution structure of human capital is not conducive to the rationalization and
advancement of industrial structure. Lin et al. (2017) found that human capital stock and structure have spatial
spillover effects on rationalization and upgrading of industrial structure respectively.

6. Conclusion

By sorting out the development context of domestic and foreign scholars' literature on human capital, industrial
structure upgrading and economic growth, we can get the three conclusions: Firstly, human capital can
significantly promote economic growth is widely recognized in the literature. Secondly, there is a close
relationship between the upgrading of industrial structure and economic growth. Thirdly, there are different
views on explaining the mechanism of human capital's effect on the upgrading of industrial structure. It can be
roughly divided into factor allocation, technology progress and supply-demand structure. After distinguishing the
heterogeneity of human capital, it is more helpful to discuss the internal mechanism of the above problems.

It is found that there is still room for further research in the following aspects.

On the one hand, there are abundant literatures and most of them only analyze from a certain perspective,
without forming a systematic analysis framework to explain the internal mechanism of human capital to
industrial upgrading. The existing literature studies the impact of human capital on industrial upgrading. The
internal factors are mainly concentrated in three aspects: technological progress, consumption demand and
structural change, factor supply and structural change; the external factors are concentrated in two aspects:
foreign trade and industrial policy. The disadvantage is that the literature only emphasizes one or several of the
influencing factors, and does not explain the analysis framework of the internal mechanism of the relationship
between the two. It is of innovative significance to form a general analysis framework to explain the impact
mechanism of human capital on industrial upgrading by integrating the existing literature.

On the other hand, the research on the coordination between human capital structure and industrial structure
needs further study. The analysis of the relationship between human capital structure and industrial structure,
most of the methods are grey correlation analysis, which is more suitable for the analysis of the coupling
correlation between the two systems. However, the specific use of coupling analysis only divides the industrial
structure into the first, second and third industry level, and does not go further into the coupling matching level
of specific industries. This is also one of the key research directions in the future.
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