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Abstract 
In New era, Shenzhen’s economic development needs new impetus. The pa-
per analyzes the dynamic change mechanism, regional development potential 
and industrial structure upgrading efficiency of Shenzhen’s economic devel-
opment from the perspective of total factor productivity. First of all, the paper 
analyzes and collates the mechanism of the production of total factor produc-
tivity and the way to improve it. Secondly, it calculates the total factor prod-
uctivity of the whole, major region and industry in Shenzhen. The results 
show that the growth rate of total productivity in Shenzhen is strong, and the 
growth rate of total factor productivity in different regions and industries is 
uneven and differentiated, and the driving force of total factor productivity 
growth in different regions and industries is not the same. According to the 
conclusion, some constructive policies and suggestions are put forward. The 
government should grasp macroscopically to improve total factor productivi-
ty accurately and efficiently, use Multi pronged approach to deepen the 
reform of the economic system and making up the short board of Shenzhen’s 
economic development, build a modern industrial system and adhere to the 
general direction of industrial transformation and upgrading, and do deep 
tillage and meticulous work to formulate policies for service industries accu-
rately, seize the commanding heights of human capital and optimize the 
structure of human capital. 
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1. Introduction 

In the 40 years of reform and opening up, Shenzhen as a banner of China’s 
reform, the frontier of reform and opening up, its economic development has 
been at the stage of medium and high-speed, with an average growth rate of 
23%, 10% higher than Guangdong Province and 14% higher than the national 
level (Figure 1). On the Sixth Committee held on January 12, 2018, Wang 
Weizhong, member of the Standing Committee of the Guangdong Provincial 
Party Committee and secretary of the Shenzhen Municipal Party Committee, 
made a government work report on behalf of the Standing Committee of the 
Municipal Party Committee. It is proposed that by the middle of this century, 
Shenzhen will become a competitive and influential innovation-leading city. 
However, China’s current economic development has entered a “new era” [1], 
economic development is undergoing an economic restructuring and upgrading. 
The transformation can improve the growth mode of total factor productivity 
from large-scale factor investment in the past to scientific and technological in-
novation, economic system reform and factor endowment allocation optimiza-
tion. In the 2015 “Government Work Report”, Premier Li Keqiang proposed to 
“increase R & D investment and increase total factor productivity”. This is not 
only a requirement for cultivating new kinetic energy growth, but also a neces-
sary condition for maintaining long-term economic growth. On April 4, 2017, 
President Xi Jinping made important instructions on the work of Guangdong. 
He hoped that Guangdong will adhere to the party’s leadership, adhere to social-
ism with Chinese characteristics, adhere to the new development concept, ad-
here to reform and opening up, and promote supply-side structural reform and 
implementation for the whole country. Innovation drives the development 
strategy, builds a new open economic system, provides support, and strives to be 
at the forefront in building a well-off society in an all-round way and accelerat-
ing the new journey of building socialist modernization. The report of the 19th 
National Congress of the Communist Party of China clearly pointed out that 
China’s economy has shifted from a high-speed growth stage to a high-quality 
development stage, and is in a critical period of transforming development 
mode, optimizing economic structure, and transforming growth momentum. 
The international trade environment is more complicated, and Sino-US trade 
frictions and conflicts are intensifying. 

Shenzhen is the birthplace of China’s reform and opening up, the core of 
Guangdong, Hong Kong, Macao and Dawan District construction. How to 
promote the supply-side structural reform and implement the innovation-driven 
development strategy? At the same time, Shenzhen’s economic development is 
also facing the problem of optimization and upgrading of industrial structure.  
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Figure 1. 1980-2016 Real GDP growth rates in China, Guangdong and 
Shenzhen. Data source: China National Bureau of Statistics. 

 
Therefore, it is necessary to explore the new impetus of Shenzhen’s economic 
development in the new era. From the perspective of total factor productivity, 
the paper analyses the changing trend of Shenzhen’s economic growth momen-
tum, how to coordinate regional economic development and industrial upgrad-
ing to enhance growth efficiency and the influencing factors, so as to establish a 
higher level national independent innovation demonstration zone for Shenzhen, 
and build a modern international innovation-oriented city with strong competi-
tiveness, culture and taste, so as to make more of it. Large enterprises with in-
ternational influence grow here, providing theoretical support and policy rec-
ommendations. 

2. Theoretical Mechanism and the Influencing Factors 
2.1. Total Factor Productivity (TFP) 

Total Factor Productivity (TFP) refers to the part of output growth that cannot 
be explained by the increase in input of production factors. It is usually linked to 
factors such as technological progress, specialization and innovation. Essentially, 
total factor productivity is productivity that is used to measure the productivity 
of economic units. Total factor productivity is defined as the ratio of all output 
combinations to all input combinations (Li Ping, 2016) [2], in the form: 

OutputTFP
Input

=                            (1) 

In formula (1), TFP is total factor productivity, Output represents output, and 
Input represents input. Dividing the total factor productivity, output, and input 
versus time, and the logarithm of both sides of formula (1), there are: 

Outputln
ln TFP InputInpuTFP Outputt

TFP Output Input

d
d

dt dt
= = = −






            (2) 

Assuming that the scale of production function returns is constant, its factor 
remuneration is equal to its marginal output, which is defined by the Divisia In-
dex: 
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The sum in Equation (3) is the share of the various types of output and factor 
inputs in the total value, and meets: 1; 0, 0i i i iω ν ω ν= = ≥ ≥∑ ∑ . When con-
sidering both capital and labor input factors, formula (3) can be simplified and 
extended to various industries or regions: 

( )TFP 1
TFP Outp

O put
t

u
u

t K L
K L

β β= − − −
  



                 (4) 

At present, in addition to the growth of the nuclear algorithm, the total factor 
productivity measurement mainly includes the Solow residual method, the ex-
tended Solow residual method (Zhang & Shi. 2003) [3], the stochastic frontier 
production function (SFA) method (Liu, Zhu & Lv. 2018) [4], the data envelop-
ment analysis (DEA) method (Cong & Han 2018) [5], and the DEA-Malmquist 
index method (Chen & Ali, 2004) [6]. And the Hicks-Moorsteen index method, 
and the OP and LP estimation methods for measuring micro-enterprise produc-
tivity (Yang, 2015) [7], TFP is a core indicator of productivity. Although TFP is 
not easy to obtain consistent calculation results, and even academically difficult 
to get a rigorous and clear explanation, it contains technological progress and 
various innovations, including management level and entrepreneurship, and 
human capital quality. Etc., and in the academic field, there are many relevant 
materials and data available. Many scholars have shown that only relying on TFP 
can promote sustained economic growth; some economists even believe that TFP 
cannot continue to improve and is a barrier to wealth (Palent, Prescott, 2010) [8]. 

2.2. DEA Malmquist Productivity Index  

DEA-Malmquist index (Fare et al., 1992) [9] uses the ratio of distance function 
to calculate input-output efficiency, which is used to evaluate dynamic produc-
tivity in different periods. Equation (5) is as follows: 

( ) ( )
( )

( )
( )

( ) ( )
( ) ( )
( )

1
1 2

0 1 1 0 1 1
0 1 1 1

0 0

1 1 1 1

1 1 1 1

1 1

, ,
, ; ,

, ,

EEFCH , ; , TECH , ; ,

SECH , ; , PTECH , ; ,

TECH , ; ,

t t
t t t t

t t t t t t
t t t t

t t t t t t t t

t t t t t t t t

t t t t

d x y d x y
m x y x y

d x y d x y

x y x y x y x y

x y x y x y x y

x y x y

+
+ + + +

+ + +

+ + + +

+ + + +

+ +

 
= ∗ 
  

= ×

= ×

×

         (5) 

In Equation (5), 0d  denotes the matrix of inputs and outputs; 1,t tx x +  de-
note input vectors of period t and period t + 1; 1,t ty y +  denote output vectors of 
period t and period t + 1. TEPCH, EEFCH, TECH, SECH and PTECH 
represented respectively the changes of total factor productivity, comprehensive 
efficiency, technological progress, scale efficiency and pure technological effi-
ciency. Relationships among variables are as follows:  

TFPCH EEFCH TECH,EEFCH SECH PTECH= × = ×          (6) 
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Therefore, TFPCH SECH PTECH TECH= × × . If m0 > 1, it shows that the 
total factor production efficiency of decision making unit has been improved; if 
m0 < 1, it indicates that the total factor productivity of decision making unit is 
decreasing and deteriorating. If a change ratio of the m0 index is greater than 1, 
it indicates that the change index is the root of the increase of total factor prod-
uctivity, and vice versa, it will lead to its decrease. 

2.3. The Path of Total Factor Productivity (TFP) Improvement 

The Soro residual method under the growth accounting framework of this paper 
measures the TFP value and growth rate of Shenzhen. In a sense, TFP is a “black 
box”, although the broad definition of TFP is a technological advancement. Any 
unobserved factors may be attributed to the total factor growth rate. In the in-
dustry and regional TFP calculations, the study uses the DEA-MI model, which 
starts with the concept of the production frontier boundary surface, considers 
the technology and efficiency between multiple inputs and multiple outputs, and 
the TFP index can be decomposed into technological advances and efficiency. 
Technological advancement is an extrapolation and expansion of the frontier 
interface of production, which is manifested in the improvement of economic 
production capacity brought about by technological innovation. The improve-
ment of technical efficiency is the gap between the actual production frontier in-
terface and the potential production frontier interface, which is mainly reflected in 
the management efficiency of the economic unit, the economic scale and the op-
timization and upgrading of the organizational structure of the enterprise. There-
fore, the change of total factor productivity (TFP) is mainly reflected in the two 
aspects of technological progress and technological efficiency improvement, while 
technological innovation, economic structural transformation and upgrading and 
deepening economic system reform are three important means (see Figure 2). 
Next, we will conduct in-depth discussions on specific measures affecting scientific 
and technological innovation, economic structural transformation and upgrading, 
and economic system reform from the macro, meso and micro dimensions. 

From a macro level, technological innovation is the most direct means to 
promote technological progress. In terms of technological innovation, developed 
countries are at the forefront of global technology because of technological in-
novation. They can only continue to develop and innovate independently, while 
developing countries are in the stage of catching up and running. In addition to 
independent innovation, we can also use the technology transfer of foreign 
countries to improve the frontier technology level of the country through the 
method of “introduction-digestion-absorption-re-innovation”. So, what factors 
have affected the transformation of technological innovation and technological 
achievements? First, there is a need for sustained and adequate R & D funding, 
including basic research inputs and technology development inputs. The re-
search results of systematic and organized modern research institutes all have a 
large amount of R & D expenditure as a guarantee expenditure (Isaksson, 2007; 
Syverson, 2011) [10] [11]. Second, there needs to be sufficient human capital  
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Figure 2. The path of total factor productivity improvement. 
 
accumulation. Whether it is independent innovation or imitative innovation, it 
requires a large amount of human capital accumulation. Human capital is main-
ly reflected in the number of R & D personnel and the comprehensive quality of 
R & D personnel. The latter includes individual knowledge reserve, R & D expe-
rience, innovation ability, and ability to digest and absorb new technologies. 
Wait. Third, it is necessary to support relevant institutional mechanisms, such as 
research funding allocation management mechanism, income distribution me-
chanism, technology transfer and diffusion channels, and the improvement of 
intellectual property rights and legal systems (Keller and Yeaple, 2003) [12]. At 
the same time, the government formulates macroeconomic development strate-
gy, optimizes and upgrades the economic structure, deepens the reform of eco-
nomic system, handle the relationship between market and government to im-
prove total factor productivity. 

From the meso level, through industrial agglomeration and integration, 
huilding high-end instrial value chain and other industrial policies, we can im-
prove the overall innovation ability of industry and promote the overall produc-
tion efficiency of the industry. The optimization of economic structure is mani-
fested in the improvement of technical efficiency. The structural transformation 
of industrial structure, regional structure, distribution structure and trade struc-
ture is used to optimize the re-allocation of resource elements and increase the 
utilization efficiency of factor resources. For example, the main industrial struc-
ture, the performance is rationalized and advanced in the industrial structure. 
From the internal perspective of the industry, it is from the low TFP industry to 
the TFP high industry transformation and upgrading. The regional structure 
mainly includes urbanization, regional coordination, and overall planning of 
urban and rural areas. China’s urbanization rate plays an important role in the 
improvement of human capital and the optimal allocation of production factors, 
to formulate industrial policies and optimize the competitive environment of the 
industrial market under the guidance of the situation. 

At the micro level, manufacturers strive to improve and optimize their pro-
duction activities to improve input and output efficiency and TFP growth. For 
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example, improve the internal management organization model of the enterprise 
and increase the synergy between the elements by improving production man-
agement. Second, improve the quality of employees and increase enterprise R & 
D investment in the company. The quality of enterprise employees is an impor-
tant factor in management level and technical efficiency. The improvement of 
enterprises’ innovation ability is directly related to enterprises’ R & D ability. 
Third, companies should improve the modernization of information and com-
munication technologies. Numerous studies have shown that ICT can improve 
the synergy between elements and bring about TFP growth (Bartel, Ichniowski 
and Kathran Shaw, 2007) [13]. 

3. The Trend and Analysis of the TFP in Shenzhen 
3.1. The Overall Change Characteristics of TFP in Shenzhen 

The report of the 19th National Congress made some remarks on the develop-
ment of high quality, and proposed to promote the quality transformation of 
economic development, efficiency change, power change, the improvement of 
the quality of the supply system as the main direction, significantly enhance the 
economic quality of China, and upgrade the industrial structure. The new 
economy and new kinetic energy and technological innovation have been elabo-
rated. High-quality economic development is also an important task for China’s 
economic development in the future, and high-quality development is largely 
due to the improvement of total factor productivity. It can be seen from Table 1 
that since the reform and opening up 40 years ago, China’s economic growth 
rate has been positively correlated with TFP’s share of GDP, that is to say, the 
speed of economic growth and the quality of economic development are not 
mutually exclusive and mutually antagonistic, but rather Positive feedback 
process that promotes and influences each other. 

Shenzhen’s economic growth rate has been at a relatively high level. In addi-
tion to the policy advantages and location advantages that were relied on in the 
early stage, after the policy advantages disappeared, the factors of high mar-
ket-oriented institutional advantages and technological innovations affecting the 
growth of TFP are to promote Shenzhen’s economic competitiveness. Key fac-
tors (Table 2). From the perspective of the factors of production and the contri-
bution of TFP to Shenzhen’s GDP growth rate, Shenzhen’s economic develop-
ment has shifted from the early misplaced growth driven by capital investment 
to the innovation-driven intensive growth mode. The TFP to GDP between 
2006 and 2010, the contribution of growth has exceeded the contribution of 
capital to economic growth. A core issue in the future is how to maintain the 
role of sustained TFP in economic growth. Economic growth overcomes exces-
sive dependence on physical capital accumulation and natural resources, and in-
creases the use of human resources, natural resources and capital, and technolo-
gical progress to maintain sustained economic growth, vigorously develop the 
knowledge economy and circular economy, and continuously improve economic 
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growth. The quality and efficiency of further enhancing the contribution of total 
factor productivity to economic growth will be an important direction for 
Shenzhen to become a world-class central city by the middle of the 21st century. 

3.2. Characteristics and Trends of Regional TFP 

The input and output data of Shenzhen and the six districts from 2000 to 2016 
were used to measure and decompose the total factor productivity of Shenzhen 
and various regions. The original data was derived from the Shenzhen Statistical 
Yearbook. The calculation method is the DEA-MI model. The economic unit of 
Shenzhen is selected as the regional decision-making unit, and the economic 
panel data of the decision-making unit from 2000 to 2016 is compiled. The 
DEAP-MI model-specific DEAP Version 2.1 software is used, and the out-
put-oriented method is adopted for 2000-2016. The total factor productivity of 
Shenzhen and the six districts is measured. The results are shown in Table 3 and 
Table 4. From 2000 to 2016, the average growth rate of Shenzhen TFP is 5.2%. 
From the decomposition results, Shenzhen TFP growth mainly benefits from 
science, innovation and technological advancement. 
 
Table 1. GDP growth rate and TFP growth rate in various periods in China since the 
founding of the People’s Republic of China. 

Period 
Annual growth  

rate of GDP 
Annual growth  

rate of TFP 
Contribution  

rate of TFP to GDP 

1952-2005 7.0 2.1 30.9 

1978-2005 9.5 3.8 40.1 

1985-1990 7.7 3.1 39.7 

1990-1995 11.7 6.7 57.3 

1995-2000 8.6 3.2 36.8 

Source from: Perkins and Rawaki, “Predicting Economic Growth by 2025,” edited by Brandt and Roskey, 
The Great China Economic Transformation, Gezhi Press, 2009. 
 
Table 2. Preliminary analysis of Shenzhen’s economic power from 1979 to 2016. 

Year 

Average  
GDP  

growth 
rate % 

Capital  
average  
growth  
rate% 

Average  
labor  

growth  
rate% 

TFP  
average  
growth 
rate% 

Capital  
contribution  

rate% 

Labor  
contribution 

rate% 

TFP  
contribution 

rate% 

1981-1985 58.62 39.33 14.62 6.13 92.54 6.09 1.37 

1986-1990 21.45 36.86 29.58 12.14 55.44 10.05 34.52 

1991-1995 32.71 29.67 13.06 21.48 50.52 14.03 35.45 

1996-2000 17.57 26.30 9.36 13.54 58.70 13.91 27.39 

2001-2005 16.47 18.71 5.70 17.10 45.76 12.46 31.78 

2006-2010 13.89 17.02 5.19 13.14 41.55 12.72 45.72 

2011-2015 10.35 13.82 4.63 10.54 40.72 13.21 46.07 

1981-2016 24.01 25.58 12.59 18.52 55.03 11.78 31.76 

Source of data: The author calculated it himself. 
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Table 3. Malmquist productivity index and decomposition of shenzhen city in 2000-2016. 

Year 
Technological 

efficiency change 
technological 

progress 
pure technical  

efficiency change 
scale efficiency 

change 
TFP change 

2000-2001 1.000 1.064 1.000 1.000 1.064 

2001-2002 1.000 1.000 1.000 1.000 1.000 

2002-2003 1.000 1.150 1.000 1.000 1.150 

2003-2004 1.000 1.077 1.000 1.000 1.077 

2004-2005 1.000 1.096 1.000 1.000 1.096 

2005-2006 1.000 1.095 1.000 1.000 1.095 

2006-2007 1.000 1.095 1.000 1.000 1.095 

2007-2008 1.000 1.056 1.000 1.000 1.056 

2008-2009 1.000 0.978 1.000 1.000 0.978 

2009-2010 1.000 1.054 1.000 1.000 1.054 

2010-2011 1.000 1.101 1.000 1.000 1.101 

2011-2012 1.000 1.074 1.000 1.000 1.074 

2012-2013 1.000 0.988 1.000 1.000 0.988 

2013-2014 1.000 1.025 1.000 1.000 1.025 

2014-2015 1.000 0.987 1.000 1.000 0.987 

2015-2016 1.000 0.985 1.000 1.000 0.985 

Mean Value 1.000 1.052 1.000 1.000 1.052 

Data source: DEAP Version 2.1 The result of the calculation is compiled. 
 
Table 4. Average malmquist productivity index and decomposition in various regions of 
shenzhen city. 

Area name 
Technical  

efficiency change 
Technology 

progress 
Pure technology 
efficiency change 

Scale efficiency 
change 

TFP change 

Futian 0.993 1.083 0.986 1.007 1.075 

Nanshan 0.993 1.105 1.000 0.993 1.098 

Luohu 0.987 1.097 1.028 0.960 1.083 

Longgang 1.047 1.106 1.020 1.027 1.159 

Baoan 1.000 1.046 1.000 1.000 1.046 

Yantian 1.086 1.074 1.000 1.086 1.166 

Data source: DEAP Version 2.1 The result of the calculation is compiled. 

 
It can be seen from Table 4 that the total factor productivity growth in Futian 

District, Nanshan District and Luohu District was mainly driven by technologi-
cal innovation and technological progress during 2000-2016. Technical efficien-
cy has a certain hindrance to TFP growth, while Longgang District and The 
growth of total factor productivity in Yantian District has the effect of scientific 
and technological progress, and technical efficiency also plays a certain role. The 
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technological progress in Baoan District is the main driving rate of TFP. This 
shows that while promoting technological innovation and technological 
progress, Futian, Nanshan and Luohu Districts should further increase the level 
of scientific management, improve the utilization rate of innovative technolo-
gies, and pay attention to the role of economies of scale in the promotion of re-
gional TFP. 

It can be seen from Figure 3 that in addition to Baoan, Shenzhen has a strong 
positive relationship between economic growth rate and total factor productivity 
in other regions, which also indicates that the economic growth of various re-
gions in Shenzhen since 2000 is mainly driven by total factor productivity. Table 
5 shows the changes in total factor productivity between the six districts of 
Shenzhen in 2000 and 2016. In 2002, the TFP in Nanshan District and Luohu 
District showed negative growth, which may be related to the Internet bubble. 
During the 2008 financial crisis, the TFP in Luohu District and Baoan District 
experienced negative growth. On the whole, the financial crisis has fallen back to 
the TFPs in various districts of Shenzhen, but the impact is not great. At the 
same time, in the past two years, Nanshan District, as the core area of Shenz-
hen’s technological innovation, experienced a negative growth in its TFP. From 
2000 to 2016, the average TFP growth rate in Shenzhen was 5.2%, Yantian Dis-
trict was 16.6%, Longgang District was 15.9%, Nanshan District was 9.8%, Luo-
hu District was 8.3%, Futian District was 7.5%, and Baoan District was 4.6%. 
 
Table 5. DEA-Malmquist composite index for shenzhen industry and segment industry. 

Year IN IM IC SI ST II SW SH SF SE 

2000-2001 1.153 1.098 1.053 1.027 1.05 1.078 0.895 0.364 0.843 1.063 

2001-2002 1.048 1.004 0.988 1.023 1.184 0.161 0.712 0.637 0.825 1.026 

2002-2003 1.147 1.143 1.204 0.994 0.923 4.478 1.01 0.832 0.829 0.582 

2003-2004 1.107 1.171 0.765 1.016 0.770 0.918 2.134 1.148 0.888 1.72 

2004-2005 0.979 0.960 0.511 1.406 0.979 0.977 0.956 0.809 0.927 0.896 

2005-2006 1.029 1.028 1.052 1.045 1.036 0.859 0.922 1.124 1.41 1.00 

2006-2007 1.149 1.155 1.158 1.102 0.975 1.219 0.952 1.064 1.392 0.709 

2000-2007 1.087 1.080 0.962 1.088 0.989 1.384 1.083 0.854 1.016 0.999 

2007-2008 1.086 1.082 1.172 1.113 0.988 1.287 0.986 1.212 0.985 0.845 

2008-2009 1.007 0.997 1.179 1.126 0.885 1.118 1.059 1.027 1.009 1.394 

2009-2010 1.151 1.151 1.146 1.020 0.947 0.975 1.066 1.085 0.779 1.135 

2010-2011 1.045 1.056 0.873 1.019 0.912 1.038 0.966 0.973 0.960 1.297 

2011-2012 1.075 1.082 0.961 1.095 0.202 0.796 1.036 1.116 0.864 1.156 

2012-2013 0.968 0.980 1.151 0.693 0.831 1.098 1.075 0.985 1.076 0.932 

2013-2014 0.989 0985 1.022 1.528 2.805 1.044 0.927 1.047 1.079 1.077 

2014-2015 0.944 0.938 0.997 1.05 1.033 1.029 0.895 0.975 0.944 1.050 

2008-2015 1.033 1.034 1.063 1.081 1.088 1.048 1.001 1.053 0.963 1.111 

Total 1.058 1.055 1.015 1.084 1.041 1.205 1.039 0.960 0.987 1.059 

Data source: DEAP Version 2.1 The result of the calculation is compiled. 
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Figure 3. Average growth rate of TFP and GDP in various districts of 
Shenzhen from 2000 to 20161. 

3.3. The Changing Characteristics and Trends of TFP in the  
Industry 

Based on the panel data of Shenzhen industry, service industry and sub-sectors 
from 2000 to 2015, DEAP2.1 software is used to measure the total factor produc-
tivity Malmquist index, technology progress index (TECH) and technical effi-
ciency index (EFFCH). Table 5 shows the DEA-Malmquist index of Shenzhen 
industry and sub-sectors. It can be seen from Table 5 that from 2000 to 2015, the 
industrial Malmquist composite index in Shenzhen has a downward trend year 
by year, with an average annual increase of 5.8%. In the industry, the main man-
ufacturing industry Malmquist composite index and industrial trends are basi-
cally the same, the efficiency has a downward trend, an average annual increase 
of 5.5%, while the construction industry’s production efficiency is relatively low 
compared to the manufacturing industry. The average growth rate in 2000-2015 
is 1.5%. From 2000 to 2015, the trend of the Malmquist composite index in 
Shenzhen’s service industry is opposite to that of industry, with an increasing 
trend year by year. The average annual growth rate is 8.4%, and its efficiency is 
higher than that of the industry. Further, comprehensive analysis of the six ma-
jor services of the Shenzhen service industry Industrial production efficiency, 
between 2000 and 2015, the Malmquist Composite Index for information trans-
mission, computer services and software (II) increased by an average of 20.5% 
per year, showing high efficiency in the service industry. The Malmquist compo-
site index for the wholesale and retail (SH) and financial and insurance (SF) 
sectors has fallen by 4% and 1.3% respectively; the Malmquist index for the re-
maining three services has increased, transportation, warehousing and postal 
services. Industry (ST) has an annual growth rate of 8.8%, wholesale and retail 
(SW) has an annual growth rate of 3.9%, and real estate (SE) has an annual 
growth rate of 5.9%. 

According to the TECH index of the Malmquist index decomposition (see 
Table 6): Overall, the average annual growth rate of industrial technology 
progress during the period from 2001 to 2015 was 4.2%, while the average an-
nual growth rate of technological progress in the service industry was 8.4%, es-
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1Note: FT, NS, LH, LG, BA and YT in Figure 3 represent Futian District, Nanshan District, Longhua 
District, Longgang District, Baoan District and Yantian District respectively. The data are calculated 
by the author. 
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pecially at the high end. Producer services, such as transportation, warehousing 
and postal services (ST) and information transmission, computer services and 
software (II), grew by an average of 18.3% and 6.8% respectively; from the re-
sults of various sub-sectors, Shenzhen The technological progress of the manu-
facturing and real estate industries in the city is particularly strong, with an av-
erage annual growth rate of 7.3% and 8.4%, respectively. The technical progress 
of the two traditional industries of the retail, accommodation and catering in-
dustries in the service industry is slow, with an average annual increase. It is 
−9.1% and −8.2%. Secondly, it analyzes the technical efficiency changes of vari-
ous industries and various industrial sectors. From the EFFCH index, it can be 
seen that the industrial technology efficiency is higher than that of the service 
industry. The average annual growth rate is 3.9% and 2.2%, respectively, espe-
cially the technical efficiency of the manufacturing industry. The growth rate is 
5.8%. From the perspective of industry internal sub-sectors, the technical effi-
ciency of sub-sectors has a trend of increasing year by year. Among them, the 
information transmission, computer service and software industry within the 
service industry (II) has significantly improved its technical efficiency after the 
global Internet bubble in 2001, when the technical efficiency growth rate was 
113%, in 2014 transportation, warehousing and postal services (The technical ef-
ficiency of ST) is also growing very fast, with an annual growth rate of 152%. 

 
Table 6. Malmquist productivity index and decomposition of industry and segment 
industry in shenzhen city from 2000 to 2015. 

Industry 
Technology  

Efficiency Change 
Technology 

Progress 
Pure Technology 
Efficiency Change 

Scale Efficiency 
Change 

TFP 
Change 

Secondary 
industry 

1.026 1.029 1.000 1.026 1.056 

manufacturing 1.045 1.007 1.000 1.045 1.053 

Construction  
industry 

0.986 1.009 0.994 0.991 0.995 

Service  
industry 

0.998 1.072 1.000 0.998 1.069 

Transportation 0.895 1.057 0.925 0.967 0.946 

Information and 
Communication 

0.993 1.007 0.944 1.051 1.000 

Wholesale and  
retail trade 

1.144 0.882 1.031 1.110 1.009 

Housing  
and catering 

1.029 0.900 1.137 0.905 0.926 

Financial  
industry 

1.000 0.972 1.000 1.000 0.972 

Real estate  
industry 

0.957 1.072 1.013 0.944 1.026 

Data source: DEAP Version 2.1 The result of the calculation is compiled. 
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From the above analysis, it can be seen that the technical efficiency of Shenz-
hen’s industry is higher than that of the service industry, and the advancement 
of industrial technology is not as fast as the technological progress of the service 
industry. From the perspective of various sub-sectors, the producer service in-
dustry has a strong growth trend in technology and technology efficiency, while 
the technical progress and efficiency of the traditional service industry lacks mo-
tivation. The overall Malmquist composite index of the manufacturing industry 
has declined, but the technical efficiency of the manufacturing industry is quite 
effective. 

4. Conclusions and Policy Suggestions 
4.1. Main Conclusions 

Starting from the overall total factor productivity research in Shenzhen, the TFP 
is measured by the growth of the nuclear algorithm and the extent of the impact 
of capital, labor, and total factor productivity on GDP growth is calculated. At 
the same time, using the DEA-MI model to measure the total factors of the six 
major regions and sub-sectors in Shenzhen, and to decompose the technological 
progress index and technical efficiency indicators that affect its changes, the fol-
lowing conclusions are drawn: 

1) There is a strong positive correlation between total factor productivity and 
economic growth rate. Both China and Shenzhen have data characteristics in 
this respect. The overall total factor productivity of Shenzhen has increased year 
by year, and the growth rate has fluctuated from the early fluctuations to the 
current stage. In 1986, events such as Shenzhen’s fiscal adjustment, 1992 Deng 
Xiaoping’s southern tour speech and the 2008 financial crisis had an impact on 
TFP fluctuations. 

2) There are differences in the growth of TFP in the six major regions of 
Shenzhen. Except for Bao’an District, the economic growth of other regions is 
also positively correlated with the growth rate of TFP. From the perspective of 
TFP decomposition, the growth rate of TFP in Futian District, Nanshan District 
and Luohu District is mainly driven by technological innovation; the growth rate 
of TFP in Yantian District is the result of the combination of technological 
progress and technological efficiency, possibly due to the higher total economy 
of Yantian Port. At the same time, the growth rate of TFP in Bao’an District is 
also driven by technological progress, but the growth rate of other five districts is 
slower. 

3) The driving force performance of TFP in Shenzhen industry and 
sub-industry sector is different. The driving force of TFP in industrial sector is 
manifested in technical efficiency and the driving force of TFP in service sector 
is more in the aspect of technological progress, driven by manufacturing TFP. 
Force is also more technically efficient. Within the service industry, the TFP of 
the producer service industry is higher than that of the traditional consumer ser-
vice industry, and the driving force for technological progress and technical effi-
ciency is stronger. 
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4.2. Policy Suggestions 

Through research and analysis, Shenzhen has entered a new era of technological 
innovation driving TFP growth, but there is still huge room for improvement in 
the technological innovation capability of some regions and industries. The key 
factor for promoting Shenzhen’s economic competitiveness in the future will be 
the total factor productivity. In combination with Shenzhen’s three-step strategy, 
the current Shenzhen government should focus on fostering highly mar-
ket-oriented institutional advantages and cultural advantages of multiple free-
doms and equality, vigorously tapping, nurturing and forming a technological 
innovation environment, comprehensively upgrading TFP, and forming an in-
novative leadership global city, the specific measures are as follows: 

1) At the macro grasp, improve the total factor productivity accurately and ef-
ficiently. The improvement of total factor productivity is the main driving force 
for Shenzhen’s future economic growth. In response to the downward trend of 
total factor productivity, Shenzhen should start from the overall situation, 
through the deep reform of the market economic system, cultivate the soil for 
scientific and technological innovation, optimize the industrial structure, and 
give full play to reformers and reformers spirit and entrepreneurship, improve 
the efficiency of economic development in all directions. The original innova-
tion ability in some areas, industries and other fields is still not strong, the basic 
research investment is still insufficient, and the education funds and R & D 
funds are invested heavily to adapt the development level of higher education 
and the total number of innovative talents to the needs of innovation and devel-
opment. 

2) Multi-pronged approach is used to deepen the reform of the economic sys-
tem and fill the shortcomings of Shenzhen’s economic development. In view of 
the driving force of total factor productivity, it is necessary to improve the speed 
of industrial technological advancement, from the original imitation model to 
the innovation-driven transformation, and in the process of increasing the pro-
portion of service industry year by year, it is necessary to deepen the reform of 
the service industry system and better release the service sector. The technical ef-
ficiency, especially in the traditional consumer service industry, requires more 
technological advancement and technical efficiency. We will deepen reform of 
the economic system, improve various incentive systems, break the constraints 
of irrational systems on productivity, and further highlight the contribution of 
organizational system innovation to economic development, correctly handle 
the relationship between the government and the market, improve the govern-
ment’s decision-making level, clean up and optimize Shenzhen’s relevant sys-
tems, policies, and regulations, and achieve integration with international prac-
tices, so that economic activities have greater openness and freedom, and better 
adapt to Export-oriented economic development and overall social progress. 

3) Build a modern industrial system and adhere to the general direction of 
industrial transformation and upgrading. Accelerate the adjustment of industrial 
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structure, promote the vigorous development of modern service industries such 
as finance, information transmission, software and information services, logis-
tics, exhibitions and tourism; foster new economy, new business and new kinetic 
energy, and new industries will become an important support for future eco-
nomic growth. It is also the core driving force for the continued strong econom-
ic growth of Shenzhen. Strengthen the pillar position of high-tech industries, 
accelerate the upgrading of high-tech industries, strengthen information con-
struction, comprehensively improve the level of urban informatization, and 
gradually phase out a number of labor-intensive enterprises with low added val-
ue and obvious comparative advantages, and comprehensively improve the pub-
lic quality of life and the efficiency of the entire society. 

4) Intensive cultivation and precise formulation of service-oriented industrial 
policies. In-depth understanding of the development characteristics and laws of 
the segmentation service industry, the development of targeted service-oriented 
industrial policies, promote the upgrading of traditional service industries, and 
improve the total factor productivity of traditional service industries. At present, 
the proportion of services in Shenzhen has exceeded two-thirds. It is necessary 
to optimize the internal structure of the service industry, increase the openness 
of the service industry, and increase the total factor productivity, especially in 
the wholesale and retail industries, accommodation and catering industries, and 
its total factor productivity. Has a large lifting space. 

5) Seize the commanding heights of human capital and optimize the structure 
of human capital. Scientifically formulate real estate policies to reduce the cost of 
living for high-end talent. Renewing urban culture, cultural self-confidence is a 
powerful cohesive force for talent gathering, and must be applied to those cul-
tures that are incompatible with the norms of modern social civilization. Im-
prove the remuneration of workers, further strengthen the basic status of educa-
tion, increase investment in education hardware and software, especially the in-
vestment level of institutions of higher learning and research institutes, absorb 
and introduce high-level talents, and develop vocational education and optimize 
economic development. In combination, we will improve the vocational skills of 
workers and the knowledge level of the whole society, and create a population, 
resources and space intensive society. 
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