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ABSTRACT ARTICLE HISTORY
The time-varying factor share runs through the entire process of Received 9 June 2019
the Chinese economic miracle, unlike the ‘Kaldor Facts’ in devel- Accepted 2 November 2019

oped countries. Following the new structural economics theory,
we construct a time-varying elastic production function model
that characterises the structural changes of China’s economic '

A . structure change, resource
element, and decompose the driving force of economic growth mismatch; new structural
to measure the contribution of factor structure. We found that, economics; time-varying
from 1978-2017, the average contribution of capital, labour, elastic production function
technological progress, and factor structure change to the GDP
was 67.01%, 10.38%, 23.08%, and —0.47%, respectively. The meas-
urement results can aptly portray the impact of policy changes in
China’s unique gradual reform process, such as the economic
market reforms in 1992, the global financial crisis in 2008, and the
policy changes of the new economic normal in 2014. Meanwhile,
the results reveal that improving factor allocation can accelerate
the total factor productivity and promote high-quality develop-
ment of China’s economy.

KEYWORDS
China’s economy; factor

1. Introduction

Since the reform and opening up, China’s economy has been growing. The gross
domestic product (GDP) increased from 367.87 billion RMB in 1978 to 827.12 billion
RMB in 2017, an increase of 223.8%, and the per capita GDP increased from 385
RMB in 1978 to 59,660 RMB in 2017, an increase of about 154%, which is known as
‘a miracle never seen in the history of human economy’. During this period, the eco-
nomic structure changed throughout the process. The economic growth rate has
shifted, the development mode has changed, the economic structure has been
adjusted, and the growth momentum has been transformed, especially since China’s
economy entered the ‘new normal’ in 2014. A more complex, more structured phase
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of evolution has appeared. Against this backdrop, the integration of ‘stable growth’
and ‘adjustment structure’ has become one of the main contents of policy orientation.
The economic structure is not only the allocation of various production factors,
but also the macroscopic manifestation of institutional changes and technological pro-
gress. Structural transformation is a core variable that helps understand the difference
between economic development in developing and developed countries, and it is also
the essential requirement for less-developed countries to accelerate economic develop-
ment (Chenery & Elkington, 1979). ‘Kuznets Facts’, one of the two typical character-
istic facts' of modern economic growth, describe the distributional changes of
production factors among different industries in the process of economic growth.
The movement of factors of production to sectors with high productivity or high
productivity growth will promote productivity and accelerate economic growth, which
means changes in industrial structure drive economic growth (Kuznets, 1973).
Therefore, analysis of the potential for economic growth based on industrial structure
has become a common research concept for economic structural changes
2012; Peneder, 2003; Zhao & Tang, 2015). Since the 1980s, the share of labour
income has continued to decline worldwide (Guscina, 2006; Karabarbounis &
Neiman, 2014; Krueger, 1999; Rodriguez & Jayadev, 2010). In China, Luo and Zhang
(2009) argue that the impact of industrial structure changes from 1996-2003 on the
decline in China’s overall labour income share is as high as 63.54%. Bai and Qian
(2009) also found that the effect of industrial restructuring during the period
1995-2003 on the decline in China’s overall labour income share was about 61.31%.
However, the robust explanation cannot conceal the limitations of the theory of
industrial structural change (Wang & Yuan, 2018). In recent years, China’s labour
income ratio has not continued to decline but has risen again after reaching a low
point in 2004. Although the output structure of the industrial sector has changed, it
has not been significant. The theory of industrial structure change does not explain
the reversal of China’s labour income share (Wang & Yuan, 2018; Zhou, 2011).
Obviously, there are more important factors behind the changes, which can explain
the impact of such changes on factor income distribution, and also explain the
changes in labour income share in the process of China’s economic growth.
According to the law of diminishing marginal returns, long-term economic growth
depends on technological progress, the so-called total factor productivity (TFP)
growth (Aghion & Howitt, 2009; Caselli, 2005; Hall & Jones, 1999; Hsieh & Klenow,
2010). Due to the focus on TFP in developed countries, the mainstream development
trend and the theory behind it is ignoring the structural changes in developing coun-
tries, and it is a matter of course to keep the total production function constant (Fu,
2017). In fact, the optimal economic structure of the economy at different stages of
development is different. It needs to be consistent with the endowment structure of
the economy and varies with the level of development (Lin, 2002; Ren, 2012), which
macroscopically reflects the fact that the overall production function is endogenous,
and it may change with time (Lin & Liu, 2003). The main reason for the difference
in the form of the function is that the labour share in the mainstream practice visual
function remains relatively unchanged in the theoretical model, in growth and
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development accounting, and in some empirical calibrations, which is consistent with
the situation in developed countries, that is, the Kaldor Facts (Fu, 2017). On the con-
trary, the economic structure of developing countries is being upgraded, including
the internal structure of technological progress and the industrial structure, which are
all endogenous to the endowment structure (Fu, 2014). However, regrettably, the facts
based on the characteristics of Kaldor in developed countries and the neoclassical
model ignore this point (Fu, 2017).

In summary, for developing countries, the more important issue may be structure
changes. Therefore, the internal structure of industrial structure and technological
progress are inherently derived from the factor endowment structure (Fu, Ye, &
Wang, 2016) and the functional form itself may change with time (Lin, 2002; Wang,
2013; Zhao & Wang, 2018), which is one of the core ideas of the third wave of devel-
opment economics, namely the theory of new structural economics (Lin, 2012).
Therefore, from the perspective of factor endowment structure change, this study
attempts to separate the factor structure from the economic aggregate growth effect
via the time-varying elastic production function model, and measures factor structure
change to economic aggregate growth and per capita output growth, respectively.
This is an attempt to provide new ideas and methods for the measurement of factor
structure effects in the process of economic growth in developing countries.

The rest of this paper is organised as follows. Section 2 provides a literature
review, which is divided into three parts: structural effects and economic growth, the
measurement of China’s economic structural effects, and China’s unique structural
changes. In section 3, based on the development law of China’s time-varying
factor income share, the Cobb-Douglas production function is improved, and the
time-varying elastic production function model is introduced. From the perspective
of factor structure change, the economic aggregate and the average economic growth
are respectively decomposed using a time-varying elastic production function model.
Section 4 is an empirical analysis of China’s economic growth experience data from
1978 to 2017. Finally, concluding remarks are presented in section 5.

2. Literature review
2.1. Structural effect and economic growth

The study of structural effects has always been a hot topic for scholars. Massell
(1961) subdivided the US macro economy into 19 divisions, decomposed its macro
TFP growth, and found that the technical effect contributed approximately two-thirds
and the structural effect contributed the remaining third. The World Bank decom-
poses TFP into resource re-allocation efficiency and residuals. The former is the
productivity increase from lower productivity sectors (labour surplus agriculture and
redundant state-owned enterprises) to higher productivity sectors (non-agricultural
industries and start-ups), contributing 16% to economic growth. The latter is an
unexplained factor (incentive improvement and technological advancement) contribu-
ting 30% (Cai, 2017). Montobbio (2002) and Ngai and Pissarides (2007) analysed the
dynamic structural changes in the process of economic growth by constructing a
multi-sectoral growth model and re-characterised the evolution of industrial structure



2922 S. ZHANG ET AL.

and its impact on macro-productivity growth using a mathematical model. Fagerberg
(2000) used shift-share analysis to demonstrate the impact of structural transform-
ation on the productivity increase of 24 industries in 39 countries. The study found
that structural conversion has no significant effect on productivity, on average.
Peneder (2003) decomposes the labour productivity index into static structural trans-
formation effects, dynamic structural transformation effects, and industrial advance-
ment effects. Based on the empirical results of 28 OECD countries, structural changes
have positive and negative effects on productivity.

For China, Han and Li (2015) found that from 1994 to 2011, the contribution of
labour input structure changes to labour productivity growth and industrial TFP
growth was 12.23% and 23.09%, respectively. Cai and Fu (2017) decomposed the
macro TFP growth rate expression into ‘technical effect’ and ‘structural effect’ from
the mathematical viewpoint. It was found that the overall quality of China’s economic
growth was high between 1978 and 2014, and about one third of the growth momen-
tum comes from the general improvement of the technical level, and the structural
effect is one fifth of the technical effect.

Thus, structural changes have little impact on the productivity of developed coun-
tries such as OECD countries. However, in China, structural effects have a relatively
high contribution rate to labour productivity and TFP growth. What are the reasons
for this?

2.2. Measurement of china’s economic structural effects

Labour transfer to form resource reconfiguration efficiency is a typical feature of
industrial structure changes in Asian economies (Mcmillan & Rodrik, 2012), and con-
stitutes an important component of TFP and labour productivity improvement during
China’s reform and opening up (Bosworth & Collins, 2008), which has significant
contributions to economic growth during this period (Cai, 2017). In this regard, with
the rapid development of measurement tools and the accumulation of structuralist
empirical research results, scholars have quantitatively portrayed the structural effects
brought about by labour transfer (Bai & Qian, 2009; Luo & Zhang, 2009). Shift-share
analysis (Liu & Zhang, 2008; Singh & Lakhwinder, 2004), residual measurement ana-
lysis (Liu & Zhu, 2003), division of industrial sector subsystems (Brondino, 2018; Ge,
Wang, Yuan, & Fang, 2000), dynamic panel estimation (Fu et al.,, 2016), a resource
reconfiguration effect model (TRE) (He & Yao, 2008; Li & Chen, 2007; Wen &
Zhang, 2010), a fixed effects model (Gan, Zheng & Yu, 2011), a stochastic frontier
production function model (Yao, 2009; Zhang & Xu, 2009), and other methods are
used to quantitatively measure the contribution of structural changes to economic
growth. Among them, Liu and Zhang (2008) used shift-share analysis to decompose
technological progress and industrial structure change from factor productivity and
found that the impact of industrial structure changes on China’s economic growth
was very significant. Cai (2017) calculated the three periods of 1978-1990,
1991-2003, and 2004-2015, and found that the effects of structural changes were sig-
nificant in the first and third periods. Among the structural change factors (39.2%) in
the first period, the static effect contribution, which was 25.8%, was outstanding. In
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the middle period, industrial contribution was in an absolute dominant position. In
the third period, the contribution rate of structural change returned to a higher level.
In general, scholars have confirmed that economic structural changes are a major
driving force for China’s sustained and rapid economic growth (Aoki, 2012; Fu, 2014;
Gan et al, 2011, 2018; Lei, 2007; Liu, 2016; Sachs & Woo, 1994). However, even if
the law of structural change is widely accepted, a large number of quantitative studies
on this have already been conducted, but comprehensive research on China and the
understanding of the unique evolution path are still insufficient (Cai, 2017).

2.3. China’s unique changes in factor structure

According to neoclassical economic growth theory (Barro & Sala-I-Martin, 1991, 1992;
Solow, 1958), as the marginal return of capital declines, an economy with lower initial
per capita income will have a greater potential for faster future economic growth than
an economy with higher initial per capita income, which is the inherent convergence
mechanism of economic growth (Lin & Liu, 2003). According to Krugman (1994), this
kind of economic growth, which relies mainly on the increase of factor inputs, and
whose technological progress has not played a significant role, is unsustainable.
However, after 1998, China’s economic growth model has increasingly demonstrated its
own sustainability (Liu & Zhang, 2008). Specifically, in 2004, the Chinese economy wel-
comed the Lewis turning point characterised by labour shortages and rising wages. At
this time, the central and local governments significantly increased the re-distributive
policy (Cai, 2016), and the transfer of labour from agriculture to non-agricultural
industries has brought about an increase in TFP, contributing to economic growth as
high as 21% (Cai & Wang, 1999). This is the impact of the economic structure of neo-
classical economic growth theory that does not take the effects of the characteristics of
development strategy on economic growth into account (Cai, 2017).

The reason is that, overall, from the neoclassical economic growth model to the
endogenous economic growth theory, the model assumption of the ‘Kaldor facts®
‘steady-state equilibrium growth has become a common starting point for almost all
economic growth theories (Zhang, 2006). The economic growth and development of
OECD countries are in line with the characteristics of the Kaldor facts (Fu, 2017).
However, Zhang (2015) demonstrated that between 1996 and 2014, China’s quarterly
labour income share fluctuated between 45.6% and 55.1%, which means that the out-
put of about 10 percentage points in the past 20 years has changed between the two
elements of capital and labour. The accounting studies of Xiao and Hao (2009) and
Zhang and Xu (2015) also reveal that China’s economic growth is not in line with
Kaldor, showing unsteady growth, which is the empirical fact of developing countries
in the process of continuous structural change (Fu, 2017). The third wave of develop-
ment economics, the new structural economics theory, also explains this point (Fu,
2017; Lin, 2012). Therefore, based on the time-varying elastic production function
model (Zhang & Xu, 2009), this study attempts to decompose the economic growth
dynamics from the perspective of factor structure and analyse the contribution of
time-varying factor structure effects to economic growth.
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3. Model framework

Stigliz (1995) suggested that capital, labour, technology, and production structure are
the four major factors of economic growth. When Y, K, L, A, and F represent output,
capital, labour, technological progress, and production structure respectively, eco-
nomic growth can be abstracted into a production function: Y =F(K, L, A). In 1928,
the American economist P.H. Douglas and the mathematician C.W. Cobb proposed
the famous Cobb-Douglas production function, which has the advantages of simple
structure, obvious economic significance, and easy estimation, and is therefore
widely used.

3.1. Classic Cobb-Douglas production function

Assuming that there are only capital and labour production factors, the Cobb-
Douglas production function with constant return is as follows:

Y, = AKPLP(a+B=1) (1)

Among (1), Y, A, K, and L; represent the actual output, technical level, capital
investment, and labour input of the t-th period, respectively. It is assumed that the
technical level A, is represented by an exponential linear combination of a set of con-
trollable variables: In A; = Z;il NiZi2 Taking the natural logarithm on both sides of
(1), we get:

InY, =Y MZi+olnK + B In Lo+ p=1) )
i=1

1

The equations are derived for InK, and InL,, respectively, and o and B represent
the output elasticity of the t-th capital and labour, respectively:

_dlny, dY, K, 0Y,/OK.K,

dlny, dY, L, 0Y,/OL.L,
o= = == = = —=—"
olnkK, 0K,'Y, Y,

T dlnL, OL 'Y, Y,

€)

B
Under perfectly competitive market equilibrium conditions, capital and labour
receive returns r and w based on marginal output MPK and MPL:
ry = MPKt = GYt/aKt, Wi = MPLt = GYt/aLt (4)
The income share of capital and labour factors is equal to:

wili _ MPL.L _0Y;/0L.Li r.Ki _MPK.Ki _0Y;/0K.K,

, (5)
Y Y Y Y Y Y

Therefore, under the assumption of a perfectly competitive market, the capital elas-
ticity o is numerically equal to the capital share, and the labour elasticity B is numer-
ically equal to the labour share.*
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rt.Kt _ aY,/aKth — Wt'Lt _ GYt/@LtLt _
Yy Y T Y Y:

B (6)

The value of o and B estimated by the Cobb-Douglas production function is a
fixed constant, which can characterise the distribution of production factors in the
neoclassical steady-state economic growth model and has strong time stability charac-
teristics (Gollin, 2002; Leandro & Joan, 2003; Lucas, 1988; Romer, 1986; Samuelson &
Solow, 1956). To a certain extent, it can better describe the steady state development
of the economic structure in the economic growth of developed countries, namely the
‘Kaldor Facts’.

However, can the classic Cobb-Douglas production function also portray the charac-
teristics of China’s economic growth? To this end, this study introduces the structural
test method of econometrics and uses the CHOW test method to determine whether
the model of the Cobb-Douglas production function has undergone structural changes.
This method divides the time series data into two parts, and the dividing point is the
critical point for checking whether structural changes are present in the model. We
select year t* as the demarcation point and analyse whether the regression coefficient
changes significantly after *, and introduce the qualitative dummy variable D:

1 >
D; = >
' { 0. t<t* @

We establish a constant variable compensation Cobb-Douglas production function
virtual variable model:

ln (Yt/Lt) = Z 'YZ-Zl‘t + Otln (Kt/Lt) ‘l‘ Cx/l.Dt + a/z.Dt. ln (Kt/Lt) + 8[ (8)
i=1

If the continuity of economic variables and structural adjustment are considered, we
can establish a critical indicator dummy variable model to reflect:

In(Ye/Le) =Y viZi + oln (K;/Ly) + 0.y [In (K, /L) — In (Ki /L) + &, (9)
i=1

The CHOW test results of the virtual variable model and the critical indicator vir-
tual variable model all indicate that the structural changes of the Chinese Cobb-
Douglas production function are ubiquitous, consistent with Zhang (2015), which
means that the classic Cobb-Douglas production function does not describe the time-
variation of the elasticity of production factors in China’s economic growth.

3.2. Time-varying elasticity production function

This study follows the familiar invariant parameter Cobb-Douglas production func-
tion form and expands to the variable parameter Cobb-Douglas production function
with explicit mathematical expressions:
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Yt - A[Kta(t)Ltﬁ(t) (10)

It is assumed that the skill level A, is represented by an exponential linear combin-
ation of a set of controllable variables,In A, = >, X;Z;;, which means that the tech-
nical level of the point in time can be determined according to the factor endowment
structure at each point in time.

Take the natural logarithm on both sides of (10):

In Yt = Z%Z,+a(t) ant+B(t) lnLt (ll)
i=1

Equation (11) is essentially a semi-parametric variable coefficient model. One of
the advantages of this model is to avoid ‘Dimension Disaster’ and to avoid previous
model setting errors. The variable coefficient part is still linear with respect to the
regression variable, but its coefficient is a function of the observation time position
corresponding to the observation values of all n regression variables. In addition to
the observation value information of the regression variable itself, it also contains the
information of observation points ‘time position’.

For the time-varying elasticity production function model, we can see from
Equation (11) that the elasticity of the ¢-th capital expenditure is:

av,/Y, 0dY, K, 0y,

= . — = = ot 12
0K, /K, 0K, Y, oIk, () (12
The t-th labour output elasticity is:
oY,/Y, 0Y; L OlnY,
0 (13)

oL,/L, 0oL, 'Y, dlnL,

Among them, the estimated o, and P, respectively represent the time-varying out-
put elasticity of capital and labour in the period ¢, which is in line with the economic
significance (Zhang & Xu, 2009). This study uses the profile local polynomial estima-
tion method proposed by Fan and Huang (2005) to estimate the unknown parameters
and function coefficient values.

If {(Z,K;,L;,Y;),i=1,...,n} n samples have been observed, for a given linear
part coefficient, Equation (11) can be written as:

(InY)" =oa(t) InK; + B(t) InL; + & (14)

Here, (InY;)" = InY,— > 1" v;Z;, such that (11) is a classic variable coefficient
model. For the smooth function coefficients a(t) and B(#), a local polynomial estima-
tion method is used, which is locally linearly expanded at t:

at) = ay + by (t—to) (15)
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B(t) = ay + by(t—ty) (16)

Let X3y = InK;, X5, = InL;, the estimate problems in (11) can be converted to
local weighted least squares to minimise:

n 2
Min Y {(InY))" = > (a; + bi(t—to)Xir) } Kn (17)
t=1

i=1

Where Ky = K(e/h)/h is the kernel function and h is the window frame.
Remember

Y=....Y)z2=(Z,....Z) Zi=(Zn, ... Zim)"

X=(Xp, ... X)X = (X Xp) Lsa(t) = (a(t). B(t))",
W = diag(Kn(t—t), ..., Kn(t,—t))

T
aT(t)Xl XIT h Xl
o ty—t
a’(t)X, bel "h X;
Then (11) can be written as:
Y-Zy=M+c¢ (18)

The estimate for M is:

(xTo){D™WD} 'D™W
M = : (Y=Zy) = S(Y-Zy) (19)
(x%0){D™WD} 'DTW

S is usually called a smooth matrix, and (20) is substituted into (19), and the linear
partial coefficient estimate can be obtained.

y={Z2'(1-8)"(1-8)Z) ' 2" (1-8)" (1I-S)Y (20)

M =S(Y—Z7) (1)

The estimated values of the corresponding function coefficients for the local linear
expansion of a(f) and B(#) at t, are:
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(a1,dy, hby, hby) = {D"WD} 'DTW(Y—Z7) (22)

Using the profile local polynomial method, the final estimate of the unknown
parameters and function coefficients a(t) and B(f) can be obtained.

3.3. Decomposition formula

3.3.1. Continuous economic aggregate growth decomposition formula
Considering the continuous time case, the economic growth rate decomposition for-
mula of the time-varying elasticity production function is:

InY, 0A InK InL
g g - % +o/(t)InK, + B'(t) InL, + oz(t)a ;‘t t—l—B(t)a gt . (23)
¥ - sc K L

TFP

If we assume that the scale return does not change: o,+p=1, then Equation (23)
can be further simplified to:

Oln ¥; 1;1 L % +o/()InkK, + (1—o/(t)) InL, + oz(t)algth +B(t)algtLt (24)
Y b SC K L

TFP

At this point, the economic aggregate growth is decomposed into the sum of cap-
ital (K), labour (L), technological progress, and structural change contributions.

3.3.2. Decomposition of discrete economic aggregate growth

Since the economic accounting process usually uses discrete time series in years, the
economic growth rate decomposition formula considering the discrete time case can
be written as follows. Let Y, = In Y;/Y:;—1 be the economic growth rate of the t-th
period, and the economic growth rate can be expressed as:

Yi=InY,/Y, ;= InY,—InY,,
= InA; +o(t) InK; + B(t)L;—[In A;—y + a(t—1) In Ky—y + P(t—1)L,—4]
=[lnA;—InA; 4] + [o(t) In K—o(t—1) In K;_4]
+[B(#) InL,—B(t—1)L;—]
= [lnA;—InA; ] + [o(f) In Ke—o(t) In Ke—y + o(¢) In Ke—y—o(t—1) In Ky
+[B(#) InLi—B(¢) In L,y + B(#) In L, —PB(¢t—1)L;—]
= InA;/Ai1 +Ho(t)—a(t—1)]In K,y + [B(t)—B(t—1)]In L,y + o(t) InK; /K-y +B(t) InL; /L

A SCt K L

TFP,
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If the scale return is assumed to be constant: o+=1, the above formula can be
further simplified to:

InA;/Ay +[o(t)—o(t—1)]InKy—y /Ly + o(t) InK;/K;—y +B(t)InL; /Ly (25)

A K L
SC

TFP,

Let K, = In K;/K;_; be the t-term capital growth rate; L;=1In L;/L;_; be the t-th
labour growth rate;A; = InA;/A;_; be the t-th technological progress growth rate. It
should be noted that here, we let SC; = [o(¢)—a(t—1)]InK;_;/L;—; be the t-th elem-
ent structure; TFP; is the t-th growth rate of TFP, which is equivalent to the sum of
the technology progress growth rate and factor structure change:TFP, = A, + SC;.
Therefore, based on the time-varying elasticity production function, the economic
growth rate is found to equal to the sum of capital, labour, technological progress,
and factor structure contribution:

Yi=A,+SC +a(t)K, + B(t)L, (26)

Among them, a(t)K, is the contribution of capital, measuring the contribution
of capital investment growth to economic growth; B(t)L; is the contribution of
labour, measuring the contribution of labour input growth to economic growth;
A, is the contribution of technology, measuring the contribution of technological
progress to economic growth; SC; is the contribution of structural change, measur-
ing the contribution of economic structural change to aggregate economic growth.

3.3.3. Continuous economic mean growth decomposition formula

Considering that, in the process of economic accounting, economic growth is usually
expressed by the increase in per capita output, under the condition that the economic
scale returns the same (o(f)+p(#)=1), the improved Cobb-Douglas production func-
tion Y, = A,K*OLPY can be simplified to Y, :Ath“(”L;*O”, the equations are
divided by L;, and we obtain per capita output:

y(t) = A(t)k(t)"" (27)

Similarly, by deriving the logarithm of (23), we can obtain the growth accounting
formula for the variable total production function.

}'}t - A[ a(t) I.Ct
; A k

S

TFP;

At this point, per capita output growth has been broken down into technological
advances (A), per capita capital (k), and changes in factor structure (SC;), where the
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elemental structure (ou(t) In k(t)) %) is the driving force behind the upgrading of pro-
duction structure, which is the unique and critical growth driver of developing coun-
tries. Given this, the change in factor structure has been more intuitively portrayed in
the time-varying elasticity production function model.

3.3.4. Decomposition of discrete economic mean growth

The economic accounting process usually uses discrete per capita output to increase
the expansion of economic growth. For the previous formula (27), y(t) =
A(t)k(t)“m, and y, = Iny,/y,_; is the t-per capita output growth rate, then the per
capita economic growth rate can be expressed as:

yy=1Iny/y1 = Iny—Iny,,
=InA;+o(t)Ink;—[In A, + o(t—1) Ink;_]
=InA—InA,; + o(t) Ink;—o(t—1)Ink,,
= InA;/ Ay + [ot) Ink;—o(t) Inky—y] + [ou(t) In kg —ou(t—1) In ky 4
= InA; /A,y + [o(t)—a(t—1)]Ink,—y + o(t) Ink,/Ink,,

A k
sct

(29)

TEP,

Let A, = InA,/A,_, be the growth rate of technological progress in the t-th period; k
is the contribution rate of per capita capital growth, and SC; = a(t) Ink,—o(t—1) Ink;_,
is the structural structure of the t-th period. Based on the time-varying elasticity produc-
tion function, the growth rate of per capita output is found to be equal to the sum of
the contribution of technological progress and structural change:

j/t :At—f—i{—'—SCt (30)

4, Empirical research
4.1. Data and time-varying elasticity

Empirical research uses China’s statistical data from 1978 to 2017: (1) gross domestic
product Y (unit: 100 million yuan): base period of actual GDP in 1952; (2) capital
stock K (unit: 100 million yuan): The base stock of capital in 1952 was 80.7 billion
yuan (according to the estimation results of Zhang, Wu, and Zhang (2004)), the eco-
nomic depreciation rate was 9.6% (using Zhang, et al.’s (2004) method), and the legal
residual rate was 4% (refer to Cao (2008). Capital input is derived via a simple arith-
metic mean of the fixed capital stock at the beginning of the year and the fixed cap-
ital stock at the end of the year. (3) Labour input L (unit: 10,000 people) expressed as
the average of the number of employed persons at the beginning and end of the year.
(4) The technical level is represented by a linear combination of the constant term
Z,, the degree of marketisation Z, (the proportion of the non-state owned economy
in the total industrial output value), and the economic structure Z; (the proportion
of the labour input of tertiary industry). The above data are taken from ‘China
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Figure 1. Time-varying elasticity trend.
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Figure 2. Comparison of labour elasticity trends.

Statistical Yearbook 2018 (Budget & Accounting and Statistics, 2018), ‘China’s Gross
Domestic Product Accounting Historical Data’, and ‘New China’s Fifty-Five Years
Statistical Data Collection’.

Using Fan and Huang’s (2005) profile estimation method, the Gaussian kernel
function is selected, the window frame is selected according to the Silverman method,
and the time-varying capital output elasticity of the time-varying elastic production
function (11) is estimated by the local linear estimation method. According
toP(t) = 1—a(t), the time-varying labour output elasticity is obtained (Figure 1).
Meanwhile, the estimated output elasticity is compared with the labour elasticity esti-
mated by the CES production function (Figure 2). To intuitively compare the vari-
ation of theoretical labour income share® and real wage with the time-varying elastic
production function model, the trend graph is shown in Figure 3.

It can be seen from Figure 1 that during the period from 1978 to 2017, China’s
capital and labour output elasticities were not fixed constants but showed non-linear
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Figure 3. Comparison of estimated labour income share and real wage.

changes over time. One of the explanations is that China is in a period of economic
transformation. With the reduction in the flow restriction of production factors and
the liberalisation of prices, the quantity and price of capital and labour change over
time. Therefore, the share of capital and labour in different periods will also exist to
a certain extent. The change (Zhang, 2015), which means that the time-varying factor
output elasticity is one of the inevitable phenomena in China’s economic
growth process.

The CES production function can also describe the change in factor elasticity over
time. Comparing the labour elasticity estimated by the time-varying elastic production
function model with the CES function, we can clearly see that the actual labour share
declined first between 1978 and 2017. The post-rising trend, by contrast, is basically
consistent with the trend of the time-varying elastic production function model.
Moreover, the model estimates the results more smoothly. The reason is that the CES
production function actually implies that the capital and labour output elasticity are
respectively a linear function of the labour capital or a log-linear combination func-
tion. This assumption is too strict and very unreasonable and does not conform to
China’s national conditions.

Further, according to Figure 3, the estimated theoretical labour income share is
strikingly consistent with real wage data and trends. The correlation coefficient of the
two is 0.91, which means that the time-varying elastic production function model is
used to estimate the factor income share with certain feasibility, accuracy, and stabil-
ity (Zhang & Xu, 2010).

4.2. Decomposition of economic aggregate growth

To describe the above phenomenon of structural changes more intuitively, we meas-
ure the contribution of each factor during this period, based on formula (28), calcu-
late capital (K), labour (L), technological progress (A), and structural change (SC)
(Table 1), and Figure 4 shows the contribution rate of each element of the economic
aggregate and its changing trend.
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Table 1. Economic (total) growth rate decomposition.

Economic contribution rate (%)

Year K L A SC TFP

1979 67.30 11.40 10.07 11.22 21.29
1980 64.17 14.60 10.40 10.82 21.22
1981 86.76 25.90 —28.24 15.58 —12.66
1982 46.77 16.22 28.20 8.81 37.01
1983 41.95 12.34 38.71 7.00 4571
1984 35.22 9.44 50.62 473 55.35
1985 45.06 12.20 37.92 4.82 42.74
1986 69.41 15.92 8.21 6.46 14.67
1987 54.89 11.36 29.28 4.47 33.75
1988 56.37 11.96 27.57 4.10 31.67
1989 117.44 26.26 —53.60 9.89 —43.71
1990 91.26 107.97 —108.82 9.60 —99.22
1991 41.90 41.73 12.31 4.06 16.37
1992 35.17 3.65 58.61 2.57 61.18
1993 45.51 3.48 48.80 222 51.02
1994 55.14 3.64 39.50 173 41.22
1995 67.39 413 27.40 1.09 28.49
1996 71.62 5.29 23.00 0.09 23.09
1997 71.50 6.57 2272 —0.78 21.94
1998 79.19 7.32 14.75 —1.27 13.49
1999 77.76 6.92 16.34 -1.01 1533
2000 67.85 5.70 26.88 —043 26.45
2001 68.71 6.45 2491 —0.07 24.84
2002 65.77 5.94 28.22 0.07 28.29
2003 66.07 4.55 29.34 0.05 29.39
2004 70.25 4.65 25.11 0.00 25.11
2005 68.21 4.25 27.51 0.03 27.54
2006 63.03 3.27 33.51 0.20 33.70
2007 58.07 2.82 38.69 0.42 39.11
2008 82.16 3.66 13.39 0.78 14.17
2009 87.01 —3.86 16.58 0.26 16.85
2010 80.78 —41 24.62 —1.30 23.33
2011 84.38 2.00 18.18 —4.56 13.62
2012 94.08 245 13.59 —10.13 3.47
2013 88.52 232 23.99 —14.84 9.16
2014 52.71 1.52 58.12 —1234 45.78
2015 7411 2.29 48.49 —24.88 23.60
2016 62.72 1.78 63.89 —28.38 35.50
2017 56.99 0.96 71.51 —29.45 42.06
Average 67.01 10.38 23.08 —0.47 22.61

According to Table 1 and Figure 4, first, the average order of economic growth is
generally in the order of capital, technological progress, labour, and factor structure
change, which are 67.01%, 10.38%, 23.08%, and —0.47%, respectively. Among them,
capital contribution has an absolute position, which is consistent with China’s long-
term reform and opening up, mainly relying on capital investment to drive the
economy’s extensive economic growth mode. It is worth noting that the average con-
tribution rate of factor structure changes during the inspection period is actually
negative, which has become the main factor to reduce economic growth.

Further, according to the gradual reform and modernisation process of China’s
economy,’ the staged analysis of the contribution rate of each factor is shown in
Table 2.

Based on Figure 4 and Table 2, we find that (1) The contribution of capital has
always occupied an absolute dominant position, especially after the 2008 financial
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Figure 4. Contribution rate of each element of economic aggregate.’

Table 2. Stage contribution rate of economic (total) growth momentum.

Contribution rate (%)

Year K L A SC TFP

1979-1992 60.98 22.93 8.66 7.44 16.10
1993-2008 67.39 492 27.50 0.20 27.70
2009-2013 86.95 —0.24 19.39 —6.11 13.29
2014-2017 61.63 1.64 60.50 —23.76 36.74

crisis. Influenced by the “four trillion plan,” which is an ambitious economic stimulus
package, investment in capital has promoted steady and rapid economic growth.
(2) The peak period of labour contribution is the initial stage of reform and opening
up due to the advancement of urbanisation; the rural and agricultural labour force
has continued to shift to urban and non-agricultural industries. The temporary demo-
graphic dividend has greatly promoted rapid economic growth. However, since 2011,
the demographic dividend has disappeared, labour costs have risen, and the rate of
return on investment has fallen, and China, whose economy has gradually shifted
from high-speed to medium-to-high-speed growth, has entered the critical period of
the Lewis turning point; the contribution of labour has also rapidly declined. (3)
Technological progress is the core force of China’s economic growth. Its contribution
rate has increased rapidly, especially since 2014, even with the contribution rate of
capital, which has greatly improved the TFP and the high-quality development of
China’s economy. These factors have laid a good foundation for continued economic
growth. (4) As for the factor structure, the average contribution rate was 7.44% in
1979-1992, which is inseparable from the development of urban-rural dual economic
structure in China’s reform and opening up process. During this period, production
factors, especially labour force, moved to the sectors with high productivity or high
productivity growth, which increased productivity and accelerated the economic
growth to some extent. From 1993 to 2008, the contribution of the factor structure
decreased rapidly. The average contribution rate during the period is 0.20%. The
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Table 3. Economic (average) growth rate decomposition.

Contribution rate (%)

Year k sC A TFP
1979 70.39 15.60 14.00 29.6
1980 67.07 16.79 16.14 3293
1981 133.65 41.41 —75.07 —33.66
1982 39.68 14.36 45.97 60.33
1983 35.52 9.88 54.60 64.48
1984 29.00 6.07 64.93 71
1985 40.44 6.71 52.85 59.56
1986 76.88 10.18 12.94 23.12
1987 54.47 6.03 39.50 45.53
1988 56.59 5.62 37.79 43.41
1989 206.55 24.12 —130.67 —106.55
1990 29.55 —6.81 77.26 70.45
1991 —118.43 54.19 164.24 218.43
1992 3347 2.79 63.74 66.53
1993 44.77 2.40 52.83 55.23
1994 55.23 1.88 42.90 44.78
1995 68.70 1.19 30.10 31.29
1996 73.91 0.10 25.99 26.09
1997 74.40 —0.91 26.51 256
1998 83.94 —1.51 17.57 16.06
1999 81.93 -1.19 19.26 18.07
2000 69.76 —0.49 30.73 30.24
2001 71.06 —0.08 29.02 28.94
2002 67.47 0.08 3246 3254
2003 67.35 0.05 32.60 32,65
2004 72.04 0.00 27.96 27.96
2005 69.62 0.04 3034 30.38
2006 63.68 0.21 36.11 36.32
2007 58.29 0.45 41.26 41.71
2008 84.57 0.85 14.58 15.43
2009 84.48 0.24 15.27 15.51
2010 78.62 -1.19 2257 2138
201 85.75 —4.77 19.01 14.24
2012 96.34 —10.69 14.35 3.66
2013 90.37 —15.60 25.23 9.63
2014 52.75 —12.74 59.99 47.25
2015 75.26 —26.08 50.82 24.74
2016 63.22 —29.41 66.19 36.78
2017 57.16 —30.00 72.84 42.84
Average 65.27 2.05 32.69 34.73

reason is that, from a macro perspective, the demographic dividend may gradually
disappear, and the efficiency of resource allocation will gradually decline. In
2009-2013, the impact of the ‘four trillion plan’ and the governments intervention
began to be highlighted. It inhibits the flow of production factors in the market. The
phenomenon of resource mismatches in the process of economic development began
to intensify, and the factor structure began to have a negative effect (—6.11%). What
is even more concerning is that since the Chinese economy entered the new normal
in 2014, the aftermath of the long-term extensive economic growth mode has become
more obvious. The contribution of the factor structure is actually —23.76%, which is
comparable to the impact of structural effects on TFP in the results of Cai and Fu
(2017). On this basis, we further discuss the case in which the factor structure effect
is zero, and find that under the condition of no distortion of the element structure,
the TFP can be increased by 1.97 percentage points on average, and the economic
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Figure 5. Per capita output growth rate decomposition.

Table 4. Stage contribution rate of economic (average) growth momentum.

Contribution rate (%)

Year k sC A TFP
1979-1992 53.92 14.78 31.30 46.08
1993-2008 69.17 0.19 30.64 30.83
2009-2013 87.11 —6.40 19.29 12.88
2014-2017 62.10 —24.56 62.46 37.90

growth can increase by at least 0.016 percentage points. Similarly, Cao and Lou
(2012) also argue that if we eliminate the mismatch factors of all mismatched years,
China’s GDP growth rate will increase by an average of 0.90 percentage points per
year. This is indeed a matter worth considering.

4.3. Decomposition of economic mean growth

Further, considering the economic accounting process, per capita output is usually
regarded as an effective tool for understanding and grasping the macroeconomic per-
formance of a country or region. Therefore, according to formula (30), the per capita
output increment is decomposed into per capita capital investment (k), technological
progress (A), and structural change (SC), and their respective contribution rates
(Table 3) and their trends (Figure 5).

As shown in Table 3 and Figure 5, the average contribution of per capita capital
investment, technological progress, and factor structure change is 65.27%, 32.69%,
and 2.05%, respectively. Capital investment is indeed the core driving force of per
capita output growth. Again, from the perspective of the trend of change, it can be
roughly divided into four stages.

Based on the above, we can conclude that: (1) In 1979-1992, the contribution of
per capita capital investment and technological progress to economic growth alter-
nated, and the contribution of both to the growth of per capita output displayed a
‘chasing each other’ trend. During this period, although there are certain fluctuations



ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA @ 2937

in the change of factor structure, the overall impact is weak. (2) From 1993 to 2008,
due to the influence of economic marketisation, the contribution of per capita capital
investment increased rapidly, and the contribution of technological progress also
increased dynamically. The two jointly promoted the rapid growth of per capita out-
put, while the factor structure effect was negligible. (3) In 2009-2013, similarly, under
the influence of the ‘four trillion plan’, the contribution of capital peaked once again,
the contribution of technological progress at this stage began to decline, and the fac-
tor structure effect began to show negative values. To a certain extent, it is a macro-
scopic manifestation of the negative impact of government intervention in the market
economy. (4) In 2014-2017, China’s economy entered a new normal, and the contri-
bution of technological progress exceeded capital investment, becoming the primary
productive force, the transformation of growth momentum, and the gradual trans-
formation of economic structure. However, it is worth noting that the element struc-
ture’s contribution at this stage is —24.56%, which means that in the process of
economic restructuring, the allocation of production factors is distorted, and there
are serious resource mismatches.

5. Conclusion

This study improves the classical Cobb-Douglas production function by combining
the contribution of the change in China’s factor income share from the perspective of
the change of factor structure. In addition, this study decomposes the momentum of
economic growth and analyses the relationship between factor structure and China’s
economic growth based on the time-varying elastic production function model. The
main conclusions are as follows.

First, in terms of the decomposition of the driving force of economic growth,
between 1978 and 2017, the contribution of capital, technological progress, labour,
and factor structure changes to the economic aggregate growth rate are 67.01%,
10.38%, 23.08%, and —0.47%, respectively. Among them, capital contribution plays a
significant role, which is consistent with China’s long-term reform and opening up,
mainly relying on capital investment to drive the economy’s extensive growth mode.
However, since the Chinese economy entered a new normal in 2014, the contribution
of technological progress has grown more quickly, even surpassing capital contribu-
tion, becoming the primary productive force. The growth momentum and the eco-
nomic structure has gradually transformed. It is worth noting that the average
contribution rate of factor structure changes during the survey period is negative,
especially since entering the new normal. The negative effect is more obvious, which
means that during this period, there are serious resource mismatches in China’s fac-
tor structure.

Secondly, the measurement results of this study can reasonably describe the
changes in the structural structure of key time points in the process of China’s eco-
nomic gradual reform. From 1979 to 1992, the contribution rate of factor structure
(7.44%) originated from the development of urban and rural dual economic structure.
From 1993 to 2008, the contribution of factor structure decreased rapidly, with an
average contribution rate of 0.20% during the period. From a macro perspective, the
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reason may be that the demographic dividend is gradually disappearing, and the effi-
ciency of resource allocation is gradually decreasing. In 2009-2013, the effects of the
‘four trillion plan’ began to be highlighted and the government intervened to some
extent, and the phenomenon of resource mismatch began to intensify in the process
of economic development. The factor structure began to have a negative effect
(—6.11%), the contribution of TFP has also been lowered, and economic growth has
also shifted from high-to-medium and high speed. Since the Chinese economy
entered the new normal in 2014, the impact of long-term extensive economic growth
has become more apparent, and the contribution of factor structure has reduced
to —23.76%.

Thirdly, the measurement results of the factor structure effect reveal that if the fac-
tor structure distortion is completely eliminated, the TFP can be increased by 1.97%
on average, and the aggregate economic growth rate can be increased by at least
0.016%, which means that improving the allocation of factors can increase the TFP
and thus promote the high-quality development of the Chinese economy.

This study uses the time-varying elastic production function and its decomposition
formula to accurately and reasonably measure the contribution rate of factor structure
effect to economic growth, which provides an alternative new method for the charac-
terisation of the structural changes in China’s economic growth process and its con-
tribution measurement. However, the research on the ‘steady growth’ and ‘structural
composition” of the Chinese economy remains an unfinished task. It is hoped that
this study will inspire more in-depth research.

6. Future research direction

1. The model approach in this study is currently only used to characterise the utility
of factor structure changes in the process of economic structural transformation
in developing countries like China. Further, as for the direction of China’s eco-
nomic future, we will continue to track and compare the universality of
the model.

2. In the research conclusions, factor resource mismatch is the resistance of eco-
nomic growth in recent years, and how to adjust the factor structure to increase
the TFP will be an interesting and worthy topic. Further, considering the impact
of the evolution of the nominal and real exchange rates of the renminbi on this
basis is also an interesting question.

Notes

1. Since the 1970s, there have been two characteristic facts in the process of modern
economic growth, namely the Kaldor Facts and the Kuznets Facts.

2. In 1961, Kaldor summed up the typical facts of six aspects of developed countries in the
process of economic development: (1) steady growth of labour productivity; (2) steady
growth of labour capital; (3) stable return on capital; (4) the ratio of capital to output is
also stable; (5) the share of capital and labour in national income remains stable; and (6)
there are differences in labour productivity and total output growth rate in different
countries. Among them, the summary of the typical facts regarding economic growth in a
country and region is mainly reflected in the first five aspects, and the fifth typical fact,



ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA . 2939

that is, the stability of capital share and labour share in national income is the core
content of the ‘Kaldor facts.

To maintain the coherence of the full-text research without affecting the research results,
this study examines this hypothesis. The technical level is represented by an exponential
linear combination of a constant term Z;, a degree of marketisation Z,, and an economic
structure Zs.

According to the statistical principle, when the national accounting data of capital and
labour income share is missing, the Cobb-Douglas production function can be used to
estimate the output elasticity, which can be used instead of the income share for the
application of TFP accounting.

According to the statistical principle, when the national accounting data of capital and
labour income share is missing, the Cobb-Douglas production function can be used to
estimate the output elasticity to replace the income share, and the application research of
TFP accounting (Zhang & Xu, 2015).

Stage division basis: 1978, China’s reform and opening up; 1992, market economic reform;
2013, dual economic transformation (system transformation and development transformation);
in 2014, China’s economy entered a new normal (transformation of development mode,
optimisation of economic structure, transformation growth momentum).

From a statistical viewpoint, in order to reflect the level of urbanisation in China
accurately, the urban population statistics of the four censuses in 1982, 1990, 2000, and
2010 were inconsistent. The direct reference to the population data of the statistical
yearbook will lead to large fluctuations in the contribution rate of each growth
momentum in recent years. However, every change in the urban population statistics
occurs on a national macro basis, and the comparability of historical data is fully
considered (Yu, 2002). Therefore, this study does not specify the year in which the change
first occurred.
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