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ENGINEERING MANAGEMENT THEORIES AND METHODOLOGIES

Shou-bo Xu, Zong-yuan Huang

Economic Growth Model Based on Six Basic Factors of
Production—Xu Growth Rate Equation

Abstract This paper proposes an economic growth model
based on the Six Basic Factors of Production and Xu Growth
Rate Equation for the first time, which fills-in the deficits
of the New Classical Economic Growth Model based on the
Solow Model. The empirical analysis indicates that over the
past three decades, the consumption of six basic factors of
production had complicated relations with economic growth.
In some years, the consumption rate of the basic factors of
production was meager, but the economy witnessed relative-
ly rocketing growth rate; in some years, the factors of pro-
duction consumption rate was very high, but the economy
growth rate slowed down. In general, economy grows at the
expenses of huge consumption of four factors. There is an
obvious characteristic of huge input and low efficiency. The
average contribution rate of technological advance peaks
in the middle, while it drops down at two ends. Noticeably,
since 2004, the technology contribution rate generally shows
a downward trend, reasons of which should be explored sys-
tematically in aspects like economic policy and industry
structure with a view to boost further transformation of the
macro-economy scientific growth model.

Keywords: six basic factors of production, economic growth
model, Xu Growth Rate Equation

1 Introduction

In the palace of economics, the internal mechanism of eco-
nomic growth is always the primary concern of the econ-
omists. However, economic growth is an awfully complex
phenomenon. Although many economists have conducted

Manuscript received March 14, 2014; accepted June 30, 2014

Shou-bo Xu
Beijing Jiaotong University, School of Economics and Management,
Beijing, 100044, China

Zong-yuan Huang (&)

Economic Research Center of Technology, Haidian District, Beijing
100044, China

E-mail: zyhuang@bjtu.edu.cn

profound researches, by now, there is no single theory of-
fering an effective enough prescription to the economy of
countries. Currently, some countries possess great wealth,
but some countries are still stuck in poverty. This is an obje-
ctive portrait of the dilemma of theory. Therefore, economic
growth is still a difficult economic problem to be settled. Ev-
ery year, a large number of research papers emerge about it.
Just like a master once put it:as long as people begin to think
about this problem, it’s hard for them to think about other is-
sues (Robert, 1988). However, we must keep the warning of
Solow in mind:If there are not new ideas proposed, we will
have no reason to return to this old problem (Robert, 1991).
This article will propose a new economic growth model—
economic growth model based on Six Basic Factors of Pro-
duction, and build a corresponding growth rate equation®.
This new attempt might uncover a thread and observation.

2 The evolution of the economic growth the-
ory

In essence, to explore economic growth is to answer these
questions: how to determine the total output of an eco-
nomy? Why, in one single economy, the annual total output
increases in some years and drops down in other years? How
to achieve steady growth of total output in the next period on
the basis of the previous period?

Research on this issue is quite interesting but rather dif-
ficult. In history, numerous researchers have conducted re-
search on this issue. The researchers include not only great
experts like Solow, Robert and Simon Smith Kuznets, but
also a lot of unknown scholars. The literature accumulated
on growth theory has gone far beyond the life-time reading
ability of a person (Domar, 1946). As a result, for the re-
searchers who attempt to make a difference in this field, pri-
marily they must comb through the previous research
achievements, and then they can make a new start on the
shoulders of giants, otherwise it’s hard to make a meaningful

(@ The writers of this thesis name it Xu Growth Rate Equation, to reflect
the new contribution of six basic production factor theory by Shou-bo Xu,
a member of the Chinese Academy of Engineering.
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contribution. Of course, reasonable methods should be ad-
opted, which ensures efficient interpretation of the essence
of those achievements. Currently, the most commonly used
method is classification is based on chronology, and those
theories are divided into four classifications: classical growth
theory, new classical the economic growth theory, new the
economic growth theory and new mechanism the economic
growth theory. In this article, the writer will not adopt this
common classification. Instead, the problem will be elabo-
rated along with the evolution of a theoretical solution.

The research of the writer indicates that although there are
various schools, economic growth theories logically come
down in one continuous line. Their themes are to explore
the principal factor of real output growth in one country or
region, and how to distinguish and measure the contribu-
tion and function of different factors in economic growth.
As a result, we can classify the problem as follows: for an
economy, suppose there are n types of factors of production
X,,X,,...,X,, which can affect its economic growth; the essence
of economic research is to find out the mapping relationship
between n types of factors and the output y:

y=flx,,x,,...,x) (D)

Equation (1) indicates relation between n types of produ-
ction factor mix, and output (also called production func-
tion).

In the following part, an analysis will be made on the evo-
lution of the economic growth theory according to the logi-
cal indications offered by equation (1).

2.1 “Theory of capital accumulation” and single-factor pro-
duction function

The earliest research on economic growth originated from
the forefather of economics Adam Smith. In the age of
Adam Smith, mass production based on social division of
labor had just started, and the industrial revolution domina-
ted by the textile industry was on its way. With a keen eye
through heavy fog, Adam Smith (1972) seized the significant
factors of market and division of labor that shed great influ-
ence on economic growth, and proposed the epoch-making
Smith’s theorem: “the outmost advance in productivity, and
more proficiency, skill and judgment in labor, seems to be
the result of labor division” (p.1) ... “labor division is due
to the ability of exchange; therefore, the level of division, is
restricted by the ability of exchange; in other words, restrict-
ed by the market scale” (p.17). Correspondingly, the growth
of wealth derives from labor division, while the degree and
specialization of division are determined by the size of the
market. Therefore, there are two approaches of national
wealth growth: The first is the improvement of productivity
by labor division; the second is the increase of labor force in
productive labor. However, the improvement of productivity
is determined by proficient labor skills, the saving of time,
and the adoption of machinery. The increase of productive
labor is determined by capital accumulation that boosts this
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type of labor, so capital accumulation becomes a key fa-
ctor to determine wealth production. Under the influence of
Adam Smith, the classical the economic growth theory em-
phasizes the role of physical capital, and takes the scale of
capital and the speed of capital accumulation as the primary
factor that affects economic development.

In the late 1940s’, Harold and Domar built the Har-
rod-Domar model on the basis of the longevity and dynamic
analysis of the Keynesianism. The deduction of the model
is rather simple: suppose (O production factors are assem-
bled at fixed proportions, namely the technical coefficient is
fixed; @ the capital-output ratio is stable; take g as growth
rate, take y as the total output, /as the investment, and S as
the saving, so:

A Ay
y Iy
S . .
Sets=—, o= % , according to the Keynesianism,
Yy
under the even state /=S, the Harrod-Domar Model is :

g=so @)

As the primitive quantitative study achievement of the
economic growth theory, after the World War II the Har-
rod-Domar Model once was widely applied in guiding the
economic practice in the developing countries, to deal with
the relations between investment, savings, and economic
growth. For the developing countries due to the extreme
shortage of capital, abundant labor forces are left unused;
therefore, it’s of great significance to stress the role of capital
accumulation in economic growth.

However, the Harrod-Domar Model has obvious defects.
First, the Harrod-Domar Model is built on the foundation of
the Keynesianism. Although it overcomes the overstress on
short-term static analysis of the Keynesianism and elabo-
rates the limitation of economy phenomenon in the angle of
demand, prolonging and vitalizing the Keynesianism, it still
takes the Keynes equilibrium as foundation, and the savings’
complete conversion into investment as the necessary prem-
ise of economic growth. In reality, whether savings can be
transformed into investment completely is not only affected
by the elasticity of interest rate, but also by many complex
factors such as the psychological anticipation of the inves-
tor and consumer, as well the income division mechanism.
Therefore, this premise is not always right. Second, the Har-
rod-Domar Model assumes that capital output ratio is un-
changed, so it requires the technology to remain unchanged
in the long run. However, this requirement is obviously un-
reasonable. Third, since the Harrod-Domar Model assumes
that ratio between capital and labor is unchanged, the pro-
blem of economic growth becomes searching for the map-
ping relation between single capital factor and the output,
whose key point is to influence the capital accumulation (sav-
ings) increase on economic growth rate, so this model can be
regarded as a single-factor production function model. Seen
from equation (2),s in the model stands for the savings rate,
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namely the capital accumulation rate;o stands for the Cap-
ital-output coefficients, namely the capital production rate.
Since ois assumed unchanged, s becomes the only factor
determining economic growth; the Harrod-Domar Model
therefore pushes capital fundamentalism to a peak. Due to
the inner theoretical conflict, the Harrod-Domar Model de-
picts the economic growth as a kind of “growth on the cut-
ting edge”, and its explanation of the complex phenomenon
in economic growth is, in fact, not convincing.

2.2 New classical the economic growth theory and two-fac-
tor production function

In order to overcome the internal defects of the Har-
rod-Domar Model, since the 1950s, the American econo-
mists Solow and Swan, and the British economist Meade
proposed the New Classical Economic Growth Model, typi-
cally the Solow-Swan model. The New Classical Economic
Growth Model obviously differs from the Harrod-Domar
Model. First, it contains two factors—capital and labor, and
these two factors can replace each other; the capital output
ratio can be changeable; it differs from the Harrod-Domar
Model because it doesn’t require capital/labor ratio and the
capital output ratio to be unchangeable. Second, it assumes
that capital and labor can be utilized fully at any time—that
is, the market is perfectly competitive, while the salary and
profit are determined by the marginal productivity of labor
and capital; adjusting the portfolio of labor and capital in
production by means of the market can realize full employ-
ment, and the capital and labor can be fully utilized; Third,
it also assumes that there exists technological advances from
sources outside the economic system, and the profit scale re-
mains unchanged, with the Hicks neutral nature.

Under the foregoing assumption, the production function
can be:

Y=A()f(K,L) 3
It can be deducted to be:
AK AL
=ut+oa—+p— 4
gmuta—; B 7 @

Equation (4) frequently is called Solow Growth Rate

Equation, in which g =A—YY is the economic growth rate;
Y stands for the total output; K stands for the total capital;
L stands for the total labor; a stands for the output elasticity
coefficient of capital; f stands for the output elasticity coeffi-
cient of labor; u stands for the contribution rate of technology
to the economic growth.

In the development of economic growth theories, the
Solow Model is of game-changing significance, and be-
comes an important method of economic growth research.
For this innovative contribution, Solow was awarded the
Nobel Prize of Economics in 1987. Obviously, the work of

Solow is of great significance in many aspects. First, it in-
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novates the Harrod-Domar Model, which considers only the
capital, into a two-factor model considering both capital and
labor, and provides more overall and convincing explanation
of economic growth. Second, the Solow Model for the first
time in history declares the function and role of technologi-
cal progress. It can be seen from equation (4) that the total of

the increment aﬁ resulted from capital increase, and the
increment ﬂ% resulted from labor increase, are not equal
to the economic growth rate g; instead there emerges a re-
mainder u = % This remainder is defined by Solow as the

contribution of technological progress to economic growth.
Solow’s contribution also lies in his finding after his sample
inspecting American actual statistics:in the US, the contri-
bution of capital and labor to the total growth rate is about
12.5%; the contribution of technological advance to the total
growth rate is approximately 87.5%. After that, Denison
and other economists’ empirical analysis also proves that
the economic growth rate of some countries like the Unit-
ed States is much larger than the growth rate of factor input
including capital and labor. That is to say, there is always
a “remainder”. It fully proves that: Economic growth is not
only determined by the material factors like capital and la-
bor, but also determined by technological advance, and
the factor of technological advance is the principal source
of economic growth (Robert, 1991). Thus, the technological
determinism joins the group of economic growth theories.

However, justas Abramovitz putit: “remainder” actual-
ly is the estimation of human ignorance (Abramovitz, 1993).
The Solow Model is like opening a mysterious box, and
those who come after should do is to continuously take new
factors out of this box and put into the model built by Solow,
and this process is hard to stop once started. This phenome-
non indicates that the Solow Model is still unperfected (Ro-
bison, 1963)®.

2.3 Human resource and three-factor production function

Although the Solow Model incorporates the factor of capital
and labor, it ignores the difference of the quality and quanti-
ty of factors. In order to reflect the contribution of the labor
quality improvement to economic growth, Schults, Lucas
and other researchers developed the human capital theory.

@ In fact, the Solow Model is under long-term criticism. The British
school and the new classical school have debated over it. Just as Robinson
once put it: “production function has become a powerful instrument of
wrong education. The students are taught to write Q=F(L,K), among
which L stands for the quantity of labor; K is the amount of capital; Q is
the output rate of product. The students are told to assume all the workers
work the same, and the labor quantity is measured by people per hour;
he is told about some issues of index statistics while selecting the output
measurement unit, but is led quickly to the next question. So he forgets to
ask what unit to be used to measure capital. And when he really poses the
question, he has become a professor, so such a hotheaded mind is passed

I

on.
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After studying the laborers’ knowledge and skill accumu-
lation, Thodore W. Schults proposed that capital should be
classified into the conventional capital and human capital.
The human capital is the capital accumulated to invest in
enhancing human strength, intelligence, and skills. Because
the rate of return on investment is the core of the economic
growth theory, human capital can produce incremental prof-
its, so it is a crucial investment variable deciding economic
growth rate. Therefore, only the specialized human capital
accumulation is the real source of output growth (Schults,
1990). The human capital has two means of formation; the
first is education and training, namely normal school edu-
cation and off-job training, which is the “internal effect” of
human capital; the second is learning while working, name-
ly on-the-job training, apprenticeship or the accumulation of
work experience, which can also form human capital. This is
the “external effect” of human capital.

Lucas incorporates Schults’ concept of human capital,
and divides technological advance into ordinary knowledge
in production and human capital in the form of labor skill.
Human capital is divided into the human capital in ordinary
form of knowledge, which is shared by the whole society, and
the human capital embodied in the skills of the laborer, and
further brings the human capital as an independent factor
into the economic growth model, Thus, the concept of tech-
nological advance and human capital become clearer, and
the quantitative analysis can be applied.

Y stands for the total output of the economy; K, stands for
the total physical capital stock; L stands for the amount of
natural the laborer; H stands for total human capital in the
system, so the total output function which contains human
capital can be: Y=F(K,,L,H).

Under the new classical assumption, it can be expressed
further as follows:

Y=A(t)K:L'H' ®)

Obviously, the proposal of human capital theory means an
important development of Solow’s concept of technological
advance, technological advance is embodied in two aspects:
the first is the knowledge and skill of the laborer, namely
the laborer’s knowledge obtained in the means of learning,
training, and in-house training etc., it enables the productiv-
ity to be improved; the second is the advanced technology
embodied in physical products like new equipment and new
raw materials etc., which enables the improvement of capital
efficiency in production.

2.4 The new economic growth theory and four-factor pro-
duction function

Although the Solow Model proposed the milestone concept
that technological advance has decisive effect on economic
growth, it cannot answer the question—where technology
originate? It can only bring in technology as an external vari-
able, as if technological advance is a “visitor from the outer
space” which is independent from the economy, or “God’s
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blessing”. However, when we look back on the economy de-
velopment of the developed nations since the 20" century, we
can find that the technological advance is not only external,
but also internal. The economy can function without waiting
for the coming of technological advance.

Practices prove that there is an important mechanism
between technological advance and economic development
which influence each other. Technological advance is the
powerful driving force behind sustainable economic deve-
lopment; meanwhile the economic development also boosts
sustainable technological advance. Noticeably, if the eco-
nomic growth theory cannot reflect this point, theory must
seek further development. Since 1980s Romer and other re-
searchers built the internal growth theory model with inter-
nal technological advance. They proposed that knowledge
accumulation is the cause of economic growth, and is also
the result of economic growth; these two sides interact with
each other and influence mutually. Knowledge can be accu-
mulated in four means—the knowledge accumulation that is
materialized into technology, the knowledge accumulation of
the labor force (human capital), the knowledge accumulation
evolving along with labor division, and the knowledge ac-
cumulation incorporated in institutional change. These four
means have organic connection with one another. Techno-
logical advance relies on human capital; human capital relies
on labor division, and labor division relies on institutional
change. Therefore, economic growth is an evolving process,
with the knowledge accumulation being an approach and the
interaction among technological advance, human capital ac-
cumulation, labor division evolution and institutional change
in it.

The principal representative of the internal growth the-
ory Paul Romer proposed three economic growth models
in 1986, 1987 and 1990 respectively. Romer Model I broke
through the assumption of New Classical Theory which be-
lieves the return scale is unchanged and technology is exter-
nal, and explore the economic growth with internal knowl-
edge accumulation under the condition of full competition;
Romer Model II forged a model to explain economic growth
under the specialization and the framework of increasing
profits, and believes that increasing profits is the result of
specialization upgrading, profit increasing brought by spe-
cialization leads to sustainable economic growth; Romer
Model III connects specialization with knowledge accumu-
lation, and explores the influence of technology and human
capital on economic growth under the condition of monopoly
competition (Romer, 1990).

Suppose the economic system includes three departments:
department of research, department of intermediary product
and department of end product. The research department uti-
lizes the human capital and knowledge stock to produce new
knowledge; the intermediary product department utilizes
new knowledge to produce durable product; the department
of end product utilizes human capital, durable products and
labor to produce end products; the total output is the function
of four basic factors—technology, human capital, physical
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capital and labor. If the new knowledge produced by the re-
search department is noted as 4, the human capital input by
the research department is noted as H , and the knowledge
stock is noted as 4, Romer Model III can be expressed as
follows: A=0H A

I S
(-a=p)a+p)

In the formula 6 stands for productivity parameter; y
stands for market rate of interest; g stands for the equilibrium
rate of growth of economic.

Equation (6) indicates that if the research department in-
puts more human capital, the equilibrium rate of growth of
economic is higher; the higher the total human capital input
H, the higher equilibrium rate of growth of the economy; the
higher the market rate of interest y, the lower equilibrium
rate of growth of the economy. If the level of human capi-
tal is too low, or the human capital of research department
is zero, the economy will slide into stagnation. Only when
the total human capital in the economy is above a certain
level, the economy can achieve sustainable growth. In the
Harrod-Domar Model, the economic growth is driven by
capital, but the marginal profit of capital is decreasing; in-
fluenced by the law of capital marginal revenue decreasing,
the total revenue of output necessarily shows a decreasing
trend. In the New Classical Growth Model, suppose the
capital marginal revenue decreases, but the technological
advance leads to revenue increasing, so the revenue scale
remains unchanged. In the Romer Model, knowledge, as an
independent factor, not only can ensure increasing revenue
but also can enable the input of other factors like capital and
labor to generate increasing revenue, and then enable the rev-
enue scale of the whole economy to increase. In other words,
knowledge is socially external and has a spillover effect. It
can lead to the virtuous cycle of knowledge spillover factor
of revenue increasing-the knowledge input of the producer-
spillover effect expansion; the knowledge accumulation and
economic growth abide by the cycling effects of the positive
feedback mechanism. This offer guarantees the steady eco-
nomic growth in long term. Therefore, knowledge accumula-
tion is the new source of economic growth in modern times;
the specialized human capital is the principal stimulant of
knowledge accumulation growth. In this way, Romer Model
goes one step farther than Solow Model. Economic growth
is not only determined by technological advance, but also by
human capital. This concept is not only proved by the history
of developed nations, but also verified widely by the practice
of developing nations.

However, the Romer Model also has its internal defects.
For example, D it only analyses the monopoly competition
of intermediary market and knowledge market; it still as-
sumes the end product market is a full competitive market.
@) It assumes the research department can utilize knowledge
for free, and the intermediary product department can pur-
chase new knowledge; for the research department, knowl-

g=0H,=0H ©6)
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edge is not completely exclusive, while for the intermediary
product department, knowledge is completely exclusive.
This is a conflict in logic. B It owes the economic growth to
the revenue scale increase caused by the external nature of
knowledge, and ignores the revenue scale increase caused by
the internal economy (Meng, 2001).

2.5 Institutional determinism and five-factor production
function

In 1968, North pointed out in his thesis Sources of Productiv-
ity Change in Ocean Shipping, 1600-1850, that in this period,
little changes took place in marine transportation technolo-
gy, but because the marine transportation became safer, mar-
ket institution was improved and the cost of marine trans-
portation was reduced sharply; the productivity of marine
transportation was increased tremendously. It proved that,

when there is no change in technology, productivity can also
be improved by institutional revolution, and then boost eco-
nomic development. So, North pointed out that: the key of
economic growth is institution; efficient economic organi-
zation is the key of economic growth; and the development
of efficient economic organization in west Europe was just
the foundation on which the west world rose up (Douglass &
Robert, 1989, p. 3).

Neo-institutional Economics believe that, the reason why
institutionalization is so significant in economic growth de-
pends in its great influence on the cost of trade. Coase point-
ed out in his work the problem of social cost: the existence
of transaction fee, forces the society to possess proper in-
stitution foundation, in order to ensure the achievement of
optimal resource allocation. North believes that, since Adam
Smith, the economic theory model ignores the transaction
fee caused by specialization and labor division. The core of
(an) institution is property rights. The most basic function
of an exclusive and competitive property rights institution
is to cut transaction cost, and then become the incentive and
driving force to boost economic growth. Take the property
rights of invention as example: “...... the expansion of market
size and better definition of property rights of inventions,
lift the innovation revenue rate , meanwhile the cost of
innovation is reduced significantly. It is just these series of
changes that pave the way for a real technological revolution
which connects science and technology—the second eco-
nomic revolution”. On the contrary, if the result of invention
can be applied freely, the inventor’s private revenue will be
much lower than the social revenue, which will undermine
the inventor’s enthusiasm, and barrier the generation of in-
vention. Therefore, North believes that the obstacle of eco-
nomic development lies in the great amount of transaction
fees brought by national opportunistic behavior and institu-
tional defects. The nation has double targets. On one hand,
it needs to maximize the rulers’ rent; on the other hand, it
needs to reduce transaction fees in order to maximize the
social total output. In practice, these two targets contradict
each other. The national opportunistic behavior will result in
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economic recession. If the economy of one nation or region
is sluggish, the basic reason must be the lack of effective in-
centive to push economic innovation. So, in order to promote
sustainable economic growth, a set of proper institutional ar-
rangements is needed, in a view of defining property rights
and improving competitive institution, reducing uncertainty
in the future, reducing the possibility of opportunistic be-
havior, and finally stimulating the individual to undertake
those activities which can promote economic growth. It’s
necessary to build and implement the property rights which
bring the social revenue rate and the individual revenue rate
as close to each other as possible, and replace the inefficient
economic organization with an efficient one, and then boost
economic growth (Douglass, 1991, p. 180).

Y stands for the total output; A(f) stands for the techno-
logical advance; K, stands for the physical capital stock;
L stands for the number of natural labor force; H stands for
the human capital of economies; / stands for institutional
factor, so the total output function including institutional
factor can be expressed as follows:

Y=A()F(K,,L,H,I) 7)

Equation (7) is the five-factor economic growth model in-
cluding the institutional factor.

2.6 Basic contemplation on the evolvement of economic
growth theories

The foregoing analysis indicates that the evolvement of the
economic growth theory in recent decades is in essence
based on the Solow Model and mostly goes in two principal
directions:

(1) Explain the expansion of the variable. The basic idea
is to search out continuously new factors from the black box
of “Solow remainder”, and then provide new explanatory
variables to elaborate the problem of economic growth. The
human capital theory will be attached to the knowledge and
technology of the laborer and be extracted to be an indepen-
dent new factor; the new economic growth theory regards
the factor of internal technological advance, and extends to
the research of technological advance and the mechanism of
knowledge finding, which prevents technological advance
being a “visitor from the outer space”; the new institution-
al economics changes the institutional factor into a kind of
variable that can be put from the empirical analysis into the
model®, and finally greatly broaden the research of econom-
ic growth. Hence it can be seen that to find out a new produc-
tion factor and explore its mechanism of action has become
an important method to develop the economic growth theo-
ry.

(2) Explain the expansion of target. The basic idea is

(D The new institutional economics school with North, Douglass C. as
representative actually questions publicly “technology determinism”.
They argue that institution is the decisive element behind economic
growth, and the technological advance is just the embodiment and result
of economic growth.
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to shift from exploring the form of production function to
studying the total factor productivity (TFP). Because the
core of economic growth research is to explore the mapping
relations between factors of production and total output, in
early times most of researchers devoted to exploring the form
of production function, and successively put forward C-D
production function and its refinement (Cobb & Douglass,
1928)distance function(Shephard, 1953), production func-
tion including technological advance, production function
reflecting technological advance (Solow, 1955-1956; Solow,
1956; Solow, 1957), secondary CES production function
(Arrow, 1962, pp. 63—64), VES production function, frontier
production function, transcendental logarithmic production
function, Generalized Leontief production function, Multi-
ple output translog function, the maximum possible frontier
production function and other production functions in vari-
ous forms, etc. However, people’s focus of study has shifted
to the discussion of TFP in recent years.

3 The economic growth model of six-factor
basic production function

The argument stated in this article is that the two research di-
rections mentioned above have their inborn defects. In the first
research direction, an obvious problem is that the continuous
expansion trend of a new factor is confusing. We must ask
the question: can the factor expand boundlessly? We believe
that, a specified explained variable should and must be ex-
plained only by the collection of those independent variables
which have direct impact on it; those factors which have no
direct impact on the explained variables in the model should
be treated as sub-level variable. According to their functions,
they are classified into secondary variables or even multiple
variables. The choice of explaining a variable should comply
with the principles of necessity, completeness, and hierar-
chy. If there is a shortage of scientific hierarchical division,
and variables of different levels mix up in use, it will lead to
circulation and overlying among variables, which make the
analysis unconvincing. In the second research direction, the
result of TFP estimation is greatly influenced by the choice
of a model explanatory variable and the analysis method; the
conclusion of different models will be widely divergent and
puzzling®.

In the Solow Model, only the two material factors—cap-
ital and labor—can determine the total output of econo-

@) Currently there are four commonly used methods to analyze TFP: the
growth accounting method, index method, distance function method,
and the Econometric method. The growth accounting method is the
Solow residual value method. It should in advance assume the mode of
production function and conduct estimation; index method requires that
the equation must satisfy some mathematical expectation properties,
distance function method in fact is a kind of DEA analysis; it needs to
assume all the industries have the same aggregate production function;
The econometric method has the problem of stability in estimation;
sometimes it produces unbelievable result.
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mies. These two variables are necessary, but they are also
not complete. Although three new factors—human capital,
knowledge and institution—are introduced respectively into
the human capital model, the new growth model and the new
institutional economics model, these three factors need to
act on economic growth through an intermediary variable;
they don’t belong to the level of labor and capital. Therefore,
whether in the Solow Model or the human capital model, the
new growth model or new institutional economics model, the
structure of the explanatory variable is of inherent unreason-
ableness.

Research shows that there are various engineering activi-
ties in the economic growth, which are made up of six basic
factors, with an aim to efficiently apply scientific technology
into the national economy and thus increase the overall we-
Ifare. Let us have a look at the energy engineering, which is
also made up with six factors, namely factors such as charac-
ter, quality, quantity and ratio that will lead to different types
of engineering such as coal, oil, natural gas, nuclear, hy-
draulic, wind, solar; capital and technology intensive, labor
intensive, mental labor intensive; advanced tech., common
tech., backward tech.; intensive and extensive form. Another
example is logistics engineering, which is of the single and
comprehensive type. Single logistics engineering normally
concerns with a certain single commodity, such as coal, oil,
electricity, raw materials, equipment, article of daily use;
moreover, it also covers transportation, distribution, ware-
house, loading and unloading, processing of information
and circulation. The comprehensive logistics engineering,
instead of being a simple accumulation of the single ones,
has its own specific technology. The relationship between the
single and comprehensive ones is the same as that of engine
parts and overall design in motor manufactures technology.
They are both in an irreplaceable position. Auto warehouse
engineering is capital and technology intensive, an advanced
one; while general warehousing engineering is labor inten-
sive, less advanced, though “suitable”. To a certain degree,
six factors are replaceable. For example, capital can partly
replace labor and nature resource. With the scientific devel-
opment in logistics, scientific and technological content is
increasing, which is decided by the six factor theory.

Then, what variables should be chosen to be the basic ex-
planatory variable of economic growth model? In order to
answer this question, the proposal assumes that:

(1) The economic development process is the process in
which various factors integrate with one another.

(2) The factors needed in the economic process can be
divided into two categories. The first category is the basic
production factors, namely the material factors that should
be possessed at the same time in the development process
of economy and cannot be replaced completely by other fa-
ctors; the second is how the other non-material factors which
have significant influence and impact on the way of material
factor combination including: institution, technology, meth-
odology, procedure, process and knowledge and so on.

The functions of all non-material factors on the economic
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activities must be achieved through the combination of mate-
rial factors, so the explanatory variables of the first level can
only be material factors. All non-material factors belong to
the second and even other levels that follow.

Then, in the economic growth model, what basic explan-
atory variables can satisfy the principles of necessity, com-
pleteness, and hierarchy at the same time? The hypothesis is
that the basic explanatory variables of the economic growth
model are the six basic factors of production, proposed by
academician Xu Shoubo.

As the first researcher to make this point, academician
Shoubo Xu pointed out in the principle of Six Basic Factors
of Production that: the implementation of any labor and pro-
duction plan must possess six basic conditions at the same
time: the laborer, capital, material, natural resource, trans-
portation, and time. These six factors are six most basic
factors of production (Xu, 1988). The laborer refers to the
human resources that are occupied and consumed in the eco-
nomic process; capital refers to the material resources such
as machinery, equipment, and factory that are occupied and
consumed in the economic process; material refers to the raw
material, auxiliary material and energy that are occupied
and consumed in the economic process; natural resources
refer to the natural resources such as land, minerals, biot-
ic resources, air and water resources that are occupied and
consumed in the economic process; transportation refers to
the stream of people, logistics, and flow of information that
are occupied and consumed in the economic process; time
refers to the time that are occupied and consumed in the eco-
nomic development. These six factors of production have the
following features: (D All of the factors should possess not
only physical form, but also value, but the physical form is
primary, and the value is the secondary. This is the real va-
lue principle. @ All the factors should possess the nature of
being occupied and being consumed. The occupied factors
turn up in the form of stock, and the consumed factors turn
up in the form of flow. In the process of production, the fa-
ctors of production that are processed (including physical
and chemical processing) are called production factor con-
sumption. In the process of production, the factors that are
used without being processed are called production factor
occupation. Under normal conditions, in the process of pro-
duction, there is no production factor that are only occupied
without being consumed, or only consumed without being
occupied, because the production factors are occupied first
by production in the process and then generate consumption.
If there is only production factor occupation without produc-
tion factor consumption, it is the overstock and waste of pro-
duction factors, which is an abnormal phenomenon. As per
the different functions and nature of production factors in the
process of production, the production occupation and pro-
duction consumption can be classified into two categories of
factors: production-occupation-dominant factor and produc-
tion-consumption-dominant factor. Capital and some natural
resources belong to production-occupation-dominant factor;
human resources, material, transportation, and time belong
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to production-consumption-dominant factor. Any produc-
tion factor occupation coexists with production consump-
tion. Production consumption should come after production
occupation, and production occupation surely leads to pro-
duction consumption. The production occupation and con-
sumption of each production factor should have both phys-
ical and value forms. This is the six-factor occupation and
consumption principle. It is the second objective principle of
production. 3 The production process can be push forward
and completed after realizing the combination of production
factors in time and space. This is the principle of space unity
of factors. The important function of transportation lies in
that it can integrate various production factors that are locat-
ed in different places, and the integration is completed at the
place where production or service is implemented; therefore
it plays a decisive role in the process of production. @ In
the process of economic development, although there exist
six independent basic production factors, namely human re-
sources, capital, material, natural resources, transportation,
and time, each of them plays a specific role in the process of
production, and their roles differ. However, in the process
of production, only these six factors function together can
carry out and complete the process of production. With the
absence of any of the factors, the process of production can-
not be pushed forward and completed. This is the principle
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of six-factor combined action. & The six factors should de-
velop coordinately, including the coordination of quantity,
quality, and between the input and output of the six factors.
® The six basic production factors can replace each other.
Any production factor can partially replace other factors,
and can be replaced partially by other factors. However they
cannot completely replace or be completely replaced by each
other.

The economic growth model with the six basic production
factors as explanatory variables can be expressed as follows:

Y(O)=AOf(L,K,P,N,T,,T) )

In equation (8), Y stands for the total output of econom-
ic institution; L(¢) stands for the amount of application
of labor(labor force) in period t; K(¢) stands for capital in
period t; P(¢) stands for the material in period ¢, including
raw material, auxiliary raw material and energy; N(#) stands
for the natural resources used in period ¢; T f(l) stands for
transportation used in period #; T stands for the time used by
economy; A4(¢) is the comprehensive factors, which functions
on economies, generated by non-material factor, namely
general technological advance®.

Derive the two ends of equation (8) and divide by Y(¢), it
can get:

L_é+6Y(1) L +6Y(t) K +8Y(t) P Jr6Y(t) N . (O +6Y(t) T )
Y(t) 4 OoL@)Y(r) OK(1)Y(r) OP(1)Y(t) ON()Y() oT,(1)Y(r) oT(t)Y(r)
seta = o¥® L® stand for the human resource elasticity put, A :%Tf_(t) stands for transportation elasticity of
OL(1) Y (1) oT, (1) Y(1)
of output, g = aY(t) K(t) stand for capital elasticity of out- output, :%M stands for time elasticity of output,
oK (t) Y(¢) oT(@) Y(¢)
oY(¢) P(t
, 8PE i YE ; stand for the material elasticity of output, :% , then equation (9) becomes
= or@ N stand for natural resource elasticity of out-
ON() Y(2)
dT. (¢
dr@) 1 _ dL() 1 JrﬂdK(t) 1 . dP(t) 1 . dN(n) 1 W) W1 dT(n) 1 10)
Y(t) dt L) dt ~ K@) dt *~ P@)dt " N@)de  T(e) de ~ T() de
Because the observed statistics are separated, equation (10) needs to be further separated, then it becomes:
AT, (¢
g AY() AL 5 AK(), AP, ANG) 1 (t) L, AT ai
Y(t) L(t) K@ = Pt ~ N®O T, I(t)

Equation (11) is the economic growth rate equation based
on Six Basic Factors Production factor principle. u is the
generalized technological advance rate. Seen from (11), the
growth rate of the economic institution output is equal to the
growth rate generated by the input increase of six factors
—Ilabor, capital, material, natural resources, transportation,
and time—plus generalized technological advance rate. Be-
cause equation (11) is based on the Six Basic Factors of Pro-
duction principle proposed by academician Xu Shoubo, the

founder of technical economics of China, this thesis special-
ly named the equation (11) Xu Growth Rate Equation, with
the goal to distinguish it from Solow Growth Rate Equation.
The difference between Xu Growth Rate Equation and
Solow growth rate equation are as follows. Solow Model in-
cludes only two material factors, capital and labor, and its

(D Hereby, technological advance is still assumed to be Hicks neutral; that
is to say technological advance impacts all physical factors at the same
time.
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explanatory variable is adequate in completeness. The Solow
remainder still contains the contribution of material factors;
therefore if the Solow remainder is regarded as the contribu-
tion of technological advance, a relatively large systematic
deviation is unavoidable. The Xu Growth Rate Equation in-
cludes six basic production factors, and explains better the
contribution of material factor quantity to the economies, so
the remainder of equation (11), u stands better for the contri-
bution of the generalized technological advance.

4 Model parameter estimate

In the following part, the thesis takes the real statistics of
China between 1978 and 2009 as sample and conducts em-
pirical analysis on equation (11), and then with the results
of analysis inspects theories mentioned above. Because in
the past three theories China had achieved great economic
growth and accumulated abundant practice experience, and
a large amount of statistics, such analysis is of enlightening
significance for us to understand deeply the problem of eco-
nomic growth.

4.1 Variable introduction

(1) Man power L. Man power refers to the human resourc-
es occupied and consumed by economic development. The
thesis takes the number of social laborers as representative,
namely the employees at the end of a year.

(2) Capital K. In the Six Basic Factors of Production the-
ory, capital refers to the physical capital resources, such as
machinery, equipment and factory, occupied and consumed
by economic development, so it is represented by the total
amount of social fixed assets. Since in the economic opera-
tion, capital has the nature of being occupied and consumed.
At the time of selecting a representative variable for capital,
either the total amount of social occupation of capital or the
real consumption amount in the process of production can
be the choice. As there is a lack of statistics about the capital
flow, Xu’s thesis represents capital as social physical capital
stock (Huang & Gong, 2008).

(3) Material P. Material refers to the physical resources,
such as raw material, auxiliary raw material, and energy,
which are occupied and consumed in the economic process.
The thesis starting from the representativeness, availability
and reliability, selects 22 types of principal physical resourc-
es, and adopts, as proposed by academician Xu Shoubo,
the statistics obtained after the relevant documents are pro-
cessed in standard treatment as the representative material
(Xu, 1997)%.

(D Among 22 types of principal raw materials, some materials can replace
each other, so they need to go through standardized treatment, such as
coal, petrol in the energy, steel, wood, cement of the material etc.. The
treatment adopts the standardized method proposed by academician Xu
Shoubo, referring to Xu Shoubo: Comprehensive Energy Engineering,
Jiangsu People’s Publishing House, 1997.
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(4) Natural resources N. Natural resources refer to the
natural environmental resources occupied and consumed in
the economic process, such as land, minerals, air, water, etc.
Due to the availability of the statistics, the thesis takes the
amount of water consumed as the representative for natural
resources variable.

(5) Transportation T,. Transportation refers to the trans-
portation resources that are occupied and consumed in the
economic process when dealing with people mobility, logis-
tics, and information flow. The variable of transportation in
the model is represented by the yearly turnover of freight
traffic.

(6) Time 7. Time refers to the time occupied and con-
sumed in the economic process. Superficially, the variable
of time seems very simple, but when building models it is
the most difficult variable to be confirmed and handle. The
major reason is that the yearly schedules offer no yearly so-
cial workload, and at the same time the value of the time
units differ every year. In order to obtain available statistics
reflecting the nature and feature of time, this thesis, after
repeated analysis, takes the total effective workload of all
of employees in China as an index to estimate the total so-
cial workload, and takes the unit of time value from previous
year, after deflation, as the foundation to calculate its total
value to represent the total time consumed in that very year.

4.2 Statistics and samples

The statistics in thesis mainly come from New China Fifty
Years Statistical Data Compilation (1999) and China Statisti-
cal Yearbook over the years, as well the statistical yearbook
of some provinces in some years, and the statistical yearbook
of the fixed capital investment, etc. All the samples are the
sample statistics of China in 1979-2009. The total output is
GDP. Because GDP and capital are both magnitude of value,
so GDP over the years and capital statistics are adjusted on
the basis of the base of 1978; the statistics used in the analy-
sis are listed in Table 1.

4.3 Model inspection and parameter estimate

In order to eliminate multiple co-linearity, Xu’s thesis first
adopts principal components analysis to process the statis-
tics. Principal components analysis is a multivariate statis-
tical method observing the relevance among a number of
variables. It studies how to explain Variance-covariance
structure of variables through some major components
(namely the linear combination of original statistics). To be
specific, it derives some principal components, preserving as
much as possible information about original statistics, and
there is no linearity between them. The steps are as follows:
(1) Standard treatment of variables. The dimensions of Six
Basic Factors of Production are not exactly the same, so stan-
dardization is needed. The indexes with different measure-
ments are transformed into the indexes with the same mea-
surement, which bestows the indexes with comparability.
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Table 1 The Statistics of Six Basic Factor of Production Observation (1978—2009)

Year GDP Man power Capital Material Natural resources Transportation Time
(billion yuan) (ten thousand) (billion yuan) (ten thousand tons) (ten thousand tons) (billion tons kilometer) (billion yuan)

1978 3,645.22 40,152 3,837 86,884 438,501 9,829 5,290.38
1979 3,922.26 41,024 4,493.13 90,059 462,066 11,385 5,445.80
1980 4,228.75 42,361 5,152.70 90,492 479,935 12,026 5,183.86
1981 4,450.47 43,725 5,835.43 89,314 518,428 12,143 5,014.06
1982 4,853.54 45,295 6,700.41 93,993 537,290 13,049 4,826.72
1983 5,380.30 46,436 77,94.15 100,292 556,188 14,054 4,699.69
1984 6,196.81 48,197 9,123.90 110,083 612,353 15,694 4,648.89
1985 7,031.29 49,873 10,893.36 120,305 653,427 18,126 4,732.97
1986 7,653.30 51,282 12,877.87 125,189 1,916,119 20,148 4,625.10
1987 8,539.80 52,783 14,889.52 130,864 2,063,356 22,228 4,382.95
1988 9,503.14 54,334 16,957.92 137,293 2,345,634 23,825 4,368.37
1989 9,889.27 55,329 18,430.89 142,779 2,830,377 25,591 4,318.12
1990 10,268.92 63,909 19,783.67 151,149 2,597,906 26,207 4,806.99
1991 11,211.50 64,799 21,428.51 157,686 2,701,161 27,986 4,699.69
1992 12,808.10 65,554 23,813.86 167,874 2,856,051 29,218 4,792.46
1993 14,596.66 66,373 27,064.52 178,360 2,915,384 30,525 4,987.93
1994 16,506.01 67,199 30,770.83 191,934 3,136,099 33,275 4,716.35
1995 18,309.28 67,947 34,712.56 208,638 2,736,256 35,909 4,343.70
1996 20,141.77 68,850 38,966.78 215,800 2,618,145 36,590 4,211.80
1997 22,014.36 69,600 43,547.57 219,192 2,575,176 38,385 4,172.64
1998 23,738.82 69,957 48,916.69 211,985 2,496,452 38,089 4,101.62
1999 25,547.68 70,586 54,518.18 220,117 2,364,756 40,568 4,002.54
2000 27,701.68 71,150 60,400.86 226,816 2,279,239 44,321 3,840.61
2001 30,001.01 73,025 67,044.98 246,900 2,209,878 47,710 3,838.41
2002 32,725.72 73,740 74,964.82 267,318 2,085,609 50,686 3,796.90
2003 36,006.59 74,432 85,305.72 310,366 2,069,345 53,859 3,738.81
2004 39,637.87 75,200 97,579.08 364,806 2,113,633 69,445 3,637.87
2005 44,121.74 75,825 111,784.54 410,709 2,098,008 80,258 3,516.11
2006 49,713.51 76,400 131,806.47 463,943 2,526,259 8,8840 3,456.13
2007 56,756.08 76,990 155,989.53 512,272 1,828,530 101,419 3,328.23
2008 62,223.91 77,480 183,754.46 548,853 1,776,630 110,300 3,218.12
2009 67,892.22 77,995 221,920.93 599,902 1,910,206 122,133 3,014.96

Note. Source of data, excerpt from China Statistical Yearbook from 1979 to 2010

(2) Calculate relevant matrices of coefficients R. Suppose (4) Build principal component. Solve the linear system of
R, is the relevant coefficient between index i and index j af- equations and get the principal components of K:
ter standard treatment, then:

cov ) Z = XB,
Vix,x,
R =———_ 0777 Z,=XB
ij (12) 2 2 14
JDX.DX, (14)
(3) Calculate relevant eigenvalue ¢ of matrix of coefficients Z, = XB,
and eigenvectors B, arrange the eigenvalue obtained in order Th tributi te of principal (7 is:
of size:t >t >t >-+>t, =0, the corresponding eigenvectors ¢, is: ¢ contribution rate of principat component £, 1:
t
Bf :(B]HBZI"""BM)TB[TB[ =1 (13) Hf: l (15)
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(5) Calculate the accumulated contribution rate of princi-
pal component from Z, to Z,, select principal component, and
build the model.

Table 2 Eigenvalue and Contribution Rate of Principal Component
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The results of principal component analysis are illustrated
in Table 2 and Table 3.

Initial eigenvalues

Extraction sums of squared loadings

Component Total % of variance Cumulative % Total % of variance Cumulative %
1 5.1994 88.66 88.66 5.1994 88.66 5.1994

2 0.6844 11.41 98.06 0.6844 11.41 98.06

3 0.0814 1.36 99.42 0.0814 1.36 99.42

4 0.0320 0.53 99.95

5 0.0017 0.03 99.98 0.0017 0.03 99.98

6 0.0010 0.02 100.000

Seen from Table 2, the first principal component can rep-
resent 88.66% of the information of the original six factors
of production. The first 5 principal components can represent

Table 3 Factor Loading Matrix

99.98% of the information of the six basic factors of produc-
tion. Factor loading of the principal components is illustrated
in Table 3.

Factor 1 2 3 4 5 6

Ln(L) —0.4228 —-0.2316 0.5273 —0.5895 —-0.3761 —0.0259
Ln(K) —-0.4366 0.0907 0.1194 —-0.1706 0.8705 —-0.0103
Ln(P) —0.4282 0.2175 0.2207 0.5527 —0.1668 —0.6224
Ln(N) —-0.3128 —0.8344 —-0.4122 0.1741 0.0198 —-0.0733
Ln(7)) —0.4345 0.1323 0.0866 0.4022 —0.1555 0.7747
Ln(7,) 0.4008 —-0.4209 0.6940 0.3547 0.2202 0.0792

The first 5 principal components obtained from the factor loading matrix are as follows:

Z, =-0.4228Ln(L)-0.4366Ln(K)-0.4282Ln(P)-0.3128Ln(N)-0.4345Ln(T)-0.4008Ln(T, )
Z, =-0.2316Ln(L)+0.0907Ln(K)+0.2175Ln(P)-0.8344Ln(N)+0.1323Ln(T,)-0.4209Ln(T, )
Z, =0.5273Ln(L)+0.1194Ln(K)+0.2207Ln(P)-0.4122Ln(N)+0.0866Ln(T,)+0.6940Ln(T,)

Z, =~0.5895Ln(L)-0.1706Ln(K)+0.5527Ln(Py+0.1741 Ln(N)+0.4022Ln(T,)+0.3547Ln(T, )
7, =0.3761Ln(L)+0.8705Ln(K)-0.1668Ln(P)+0.0198Ln(N)-0.1555Ln(T, }+0.2202Ln(T,)

(16)

The statistics analysis indicates that there are relative-
ly serious problems with co-linearity and sequence in the
sample statistics. After repeating the experiment, finally the
principal components composed by Z, Z,, Z,, Z return to the
model, and take the generalized difference method OLS as

the parameter to estimate. The estimate result is illustrated
in Table 4. Seen from Table 4, the parameters of the model
have passed t inspection, and D.W=2.2286, located in sec-
tion [1.74, 2.26], which proves that all the first-order autocor-
relations have been eliminated.

Table 4 The Estimate Result of Model Parameter

Variable Coefficient Std. error t-statistic Prob.
Z, —0.360887 0.050495 —7.147048 0.0000
Z, 0.128691 0.017866 7.203325 0.0000
A 0.106732 0.020388 5.235124 0.0000
Z 0.698207 0.116699 5.982978 0.0000
AR(1) 1.702459 0.168373 10.11126 0.0000
AR(2) —0.730059 0.162012 —-4.506200 0.0002

Durbin-Watsonstat=2.228595
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After the calculation, the Six-Basic-Factor of Production

Ln(1)=-6.24+0.59Ln(L)+0.202Ln(K)+0.298Ln(P)-0.049Ln(N)+0.215Ln(T)~0.625Ln(T,)

The growth rate equation based on the Six Basic Factors
of Production is:

dL dK

dT’
Gu=G—(0.5—+0.202—+0.298——0.049—+0.215—L - 0.625
L K P N T,

In equation (18), G is the economic growth rate of econo-
mies; Gu is the contribution of technological advance to eco-
nomic growth rate.

5 Conclusion and suggestions

5.1 The output features of six basic factors or production

Seen equation (18), provided that other conditions remain
unchanged, when the man power grows by 1% increments,
it can drag the economic growth rate up by 0.59%, ranking
at the top of six basic factors of production; when the capital
grows by 1% increments, it can drag economic growth rate
up by 0.2%, ranking the fourth among the six basic factors
of production; when the material grows by 1% increments,
it can drag economic growth rate up by 0.298%, ranking the
second among the six basic factors of production; when the
transportation grows by 1% increments, it can drag econom-
ic growth rate up by 0.215%, ranking the third among the six
basic factors of production. All of these features differ ob-
viously from the conclusion of the like analysis. In previous
times, the conclusion of most of the like analysis generally
argued that the output elasticity of the capital is the largest.
The reasons of this argument may be that the process of eco-
nomic development in China actually is the process in which
labor factors move constantly from low-efficiency industry
to high-efficiency industry. The growth of the labor force
means that the economic system in China keeps expanding,
though there is a problem on the large number of rural work-
ing population resulting in constant decrease of a recessive
and unemployed population. The output elasticity of capital
and material is lower than the labor and transportation. The
reason may be that in China there is too much low-efficient
investment, frequent investment, and over-investment in the
fixed-asset investment, so the problem of inefficient asset re-
setting is rather serious. China’s economic development has
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features of high consumption and low efficiency, which pull
down their output elasticity. Transportation actually stands
for the supporting capacity of logistics system being a pillar
to China’s national economic development in recent years,
but now standing in the process of rapid development be-
cause its output rate is on the uphill side.

Another obvious feature is that the output elasticity co-
efficient of natural resources and time are negative. The re-
search shows that the reason behind this problem is that the
economic system of China has the serious issues of high con-
sumption, high emission, and low efficiency. When the other
factors remain unchanged, the growth of the consumption
of these two resources means that the problem of high con-
sumption, high emission, and low efficiency is prevailing.

5.2 The consumption of basic factors and economic growth

In order to further analyze the features of the consumption
of six basic production factors in the process of economic
process, Xu’s thesis calculated the movement of six factors
of production consumption from 1979 to 2009, as illustrated
in Table 5. It can be seen from the table:

(1) In the past over thirty years, the sustainable fast growth
of the economy of China came along with the sustainable fast
growth of the consumption of six basic production factors.
Particularly the consumption of capital, natural resources,
and transportation kept growing at high speed. The average
growth rate of three principal factors reached respectively
14.03%, 6.52% and 8.6%; in the same period the average eco-
nomic growth rate was 9.93%.

(2) Seen from Table 5, the growth of the consumption of
three principal factors—capital, material and transporta-
tion—was increased quickly. On the contrast, the economic
growth rate began to slow down its increase and even deviated
from the upward trend from the three principal movements.
Figure 1 shows the growth of six basic production factors
consumption and the general movement of economic growth.

Table 5 The Consumption of Six Basic Product of Factors and Economic Growth (1979—2009)

Growth rate Growth rate of Growth

Growth rate of

Growth rate of Growth rate Growth rate

Year of man power capital consu- rate of material  natural resources transportation of time consu- of GDP
consumption (%) mption (%) consumption (%) consumption (%) consumption (%) mption (%) (%)
1979 2.17 17.10 3.65 5.37 15.83 2.94 7.60
1980 3.26 14.68 0.48 3.87 5.63 —4.81 7.81
1981 3.22 13.25 -1.30 8.02 0.97 -3.28 5.24
1982 3.59 14.82 5.24 3.64 7.46 -3.74 9.06
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cont.
Growth rate Growth rate of Growth Growth rate of Growth rate of Growth rate Growth rate

Year of man power capital consu- rate of material ~ natural resources transportation of time consu- of GDP

consumption (%) mption (%) consumption (%) consumption (%) consumption (%) mption (%) (%)
1983 2.52 16.32 6.70 3.52 7.70 —2.63 10.85
1984 3.79 17.06 9.76 10.10 11.67 -1.08 15.18
1985 3.48 19.39 9.29 6.71 15.50 1.81 13.47
1986 2.83 18.22 4.06 11.16 -2.28 8.85
1987 2.93 15.62 4.53 7.68 10.32 -5.24 11.58
1988 2.94 13.89 491 13.68 7.18 -0.33 11.28
1989 1.83 8.69 4.00 20.67 7.41 -1.15 4.06
1990 15.51 7.34 5.86 -8.21 2.41 11.32 3.84
1991 1.39 8.31 432 3.97 6.79 -2.23 9.18
1992 1.17 11.13 6.46 573 4.40 1.97 14.24
1993 1.25 13.65 6.25 2.08 447 4.08 13.96
1994 1.24 13.69 7.61 7.57 9.01 —5.44 13.08
1995 1.11 12.81 8.70 -12.75 7.92 -7.90 10.92
1996 1.33 12.26 343 —4.32 1.90 -3.04 10.01
1997 1.09 11.76 1.57 -1.64 491 —-0.93 9.30
1998 0.51 12.33 -3.29 -3.06 -0.77 -1.70 7.83
1999 0.90 11.45 3.84 —5.28 6.51 —2.42 7.62
2000 0.80 10.79 3.04 -3.62 9.25 —4.05 8.43
2001 2.64 11.00 8.85 -3.04 7.65 —-0.06 8.30
2002 0.98 11.81 8.27 —5.62 6.24 -1.08 9.08
2003 0.94 13.79 16.10 -0.78 6.26 -1.53 10.03
2004 1.03 14.39 17.54 2.14 28.94 -2.70 10.09
2005 0.83 14.56 12.58 —-0.74 15.57 -3.35 11.31
2006 0.76 17.91 12.96 20.41 10.69 -1.71 12.67
2007 0.77 18.35 10.42 -27.62 14.16 -3.70 14.17
2008 0.64 17.80 7.14 -2.84 8.76 -3.31 9.63
2009 0.66 20.77 9.30 7.52 10.73 -6.31 9.11
Average 1.76 14.03 6.52 1.94 8.60 2.94 9.93
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Figure 1. The growth of six basic production factors consumption and the general movement of economic growth. In the graph, L stands for man power;
K stands for capital; P stands for material; N stands for natural resources; 7, stands for transportation; 7,, stands for time, the same in the following part.

> Lm



Economic Growth Model Based on Six Basic Factors of Production—Xu Growth Rate Equation

5.3 The role and contribution of technological advance

Seen from Table 5, there is a rather complex relation between
the consumption of six basic production factors and econom-
ic growth. In some years, the consumption rate of production
factors was meager, but the economic growth rate was sub-
stantial; in some years, the consumption rate of production
factors was very high, but the economic growth rate drops.
For example in 1992, the consumption rate of capital, ma-
terial, and transportation were respectively 11.3%, 6.46%,
4.4%, but the economic growth rate reached 14.24%; while
in 2009 the consumption rate of these three principal factors
climbed respectively to 20.77%, 9.3% and 10.73%, but the
economic growth rate was only 9.11%. It fully proves that,
in the process of economic growth, besides the material fa-
ctors represented by the six basic production factors, some
non-material factors also play important roles. We name
these factors generalized technology, which are represented
by TFP. In order to analyze the role of generalized technol-
ogy in the economic growth of China, Xu’s thesis calculates
the contribution rate of six production factors in 1979-2009
and the contribution rate of TFP, as illustrated in table.
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Seen from Table 6:

(1) In the past three decades, the factor that made the lar-
gest contribution to economic growth was capital. When the
other conditions remain unchanged, the average contribution
rate of capital in the past 30 years reached 29.67%, while
the contribution rate of man power, material, and transpor-
tation reached respectively 18.78%, 19.68% and 18.13%. In
general, the economic growth of China in the past 30 years
is achieved at the expense of high consumption of these four
factors, and the feature of high input and low efficiency is
quite obvious.

(2) Seen from Table 6, in the past 30 years the average
contribution rate of technological advance in China is 8.84%,
allocated in three phases. Among them, in the first decade,
from 1980 to 1989, the yearly average contribution rate of
technological advance is 10.56%; in the second decade, from
1990 to 1999, the yearly average contribution rate of techno-
logical advance is 25.32%; in the third decade, from 2000
to 2009, the yearly average contribution rate of technological
advance is —9.37%; the curve peaks in the middle and lowers
at two ends.

Table 6 The Contribution of Six Factors and Technology Advance in Economic Growth (1979—2009)

Contribution Contribution Contribution Contribution Contribution Contribution TFP Growth

Year rate of man rate of capital rate of material  rate of natural rate of trans- rate of time (%) rate of
power (%) (%) (%) resources (%) portation (%) (%) GDP (%)

1979 16.97 45.43 14.33 -3.46 44.68 -24.17 6.21 7.60
1980 2477 37.93 1.83 —2.42 15.46 38.49 -16.06 7.81
1981 36.48 51.02 —7.40 —7.48 3.98 39.06 -15.66 5.24
1982 23.55 33.04 17.24 -1.96 17.67 25.80 -15.35 9.06
1983 13.79 30.37 18.40 -1.58 15.22 15.16 8.63 10.85
1984 14.84 22.70 19.17 -3.25 16.49 4.45 25.58 15.18
1985 15.34 29.08 20.55 -2.44 24.68 -8.40 21.17 13.47
1986 18.97 41.58 13.68 -106.82 27.05 l16.11 89.43 8.85
1987 15.01 27.23 11.66 -3.24 19.12 28.26 1.96 11.58
1988 15.47 24.86 12.98 -5.93 13.66 1.84 37.10 11.28
1989 26.77 43.16 29.31 —24.87 39.13 17.70 -31.22 4.06
;\92&_;289 20.5 341 13.75 -16.0 19.25 17.85 10.56
1990 239.94 38.60 45.50 10.46 13.45 -184.40 —63.58 3.84
1991 9.01 18.29 14.04 -2.12 15.86 15.21 29.70 9.18
1992 4.86 15.78 13.52 -1.97 6.63 —-8.67 69.83 14.24
1993 5.31 19.74 13.33 -0.73 6.87 -18.26 73.73 13.96
1994 5.65 21.14 17.34 -2.83 14.77 26.03 17.89 13.08
1995 6.05 23.67 23.74 571 15.54 45.22 -19.95 10.92
1996 7.89 24.72 10.22 2.11 4.06 18.97 32.02 10.01
1997 6.96 25.53 5.04 0.86 11.32 6.25 44.03 9.30
1998 3.89 31.78 —12.51 1.91 -2.11 13.59 63.47 7.83
1999 7.01 30.34 15.00 3.39 18.32 19.82 6.11 7.62
1990-1999 29.66 24.96 14.53 16.79 10.47 —6.62 25.32

average
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Contribution Contribution Contribution Contribution Contribution Contribution TFP Growth

Year rate of man rate of capital  rate of material  rate of natural rate of trans- rate of time (%) rate of
power (%) (%) (%) resources (%) portation (%) (%) GDP (%)

2000 5.63 25.84 10.76 2.10 23.54 30.00 2.13 8.43
2001 18.86 26.76 31.79 1.79 19.76 0.43 0.59 8.30
2002 6.40 26.26 27.13 3.03 14.73 7.45 14.98 9.08
2003 5.56 27.78 47.87 0.38 13.39 9.54 -4.56 10.03
2004 6.08 28.80 51.83 -1.04 61.55 16.74 —64.00 10.09
2005 4.36 25.98 33.15 0.32 29.52 18.50 -11.86 11.31
2006 3.55 28.53 30.48 —7.88 18.10 8.42 18.78 12.67
2007 3.24 26.15 21.91 9.53 21.44 16.33 1.38 14.17
2008 3.92 37.30 22.09 1.44 19.50 21.47 -5.74 9.63
2009 4.33 46.03 30.43 —4.04 25.26 43.33 —45.37 9.11
232:3;;:09 6.19 29.94 30.76 0.56 24.68 17.22 -9.37
1979-2009 18.78 29.67 19.68 —4.59 18.13 9.48 8.84 9.93

(3) Figure 2 shows the comparison of technological ad-
vance rate and growth rate of GDP from 1979 to 2009. It can
be seen that the generalized technological advance contribu-
tion rate is not completely in accord with the movement of
economic growth. From 1990 to 2000 the contribution rate

—=— Growth rate of GDP(%)

of technological advance complies with the movement of
economic growth rate; since 2001, although GDP maintains
steady growth, the technological advance contribution rate
shows a downward trend.

—o— Contribution rate of TFP(%)
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Figure 2. The contribution rate of technology advance in economic growth.

(4) Obviously, in 2004 the contribution rate of TFP dropped
sharply from —4.56% of the previous year to —64.34%. Look-
ing back in time we can see that although the growth rate
of GDP in this year reached 10.09%, the growth of capital,
transportation, and material consumption were larger than
the growth of GDP. Also, the contribution rate of technolog-
ical advance showed a dropping trend since 2004. In 2009

it dropped to —45.37%, which proves that in China there are
three main different phases in the economic growth in the
past three decades. Maybe it suggests that, since 2004, there
are some negative changes in macro-economic operations,
industry structures, and growth methods. Therefore, in order
to reach regulation and control of the negative elements in
current macroeconomic operations, an inspection should be
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conducted on the economic policy, industry structures, and
methods of economic growth, and a solution should be put
into effect from the source of the problem.
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