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ABSTRACT
From the perspective of economic growth efficiency, this paper
adopts the traditional DEA-Malmquist index method and the SBM-
ML index method considering undesired output to measure the
growth efficiency of China’s real economy with or without environ-
mental constraints. The results show that: (1) From 2005 to 2017, the
total factor productivity of China's real economy increased by 2.7%,
but under environmental constraints, the total factor productivity of
China’s real economy decreased by 0.6%, mainly due to the “drag” of
the growth efficiency of the real economy by technological changes.
Second, without considering the unintended output, 76.67% of the
provinces and cities have improved the growth efficiency of the real
economy, and 93.33% have made technological progress. Third,
under environmental constraints, the total factor productivity and
technological progress showed an upward trend only in the central
region, while all other regions showed a downward trend to varying
degrees. The descending range is east> northeast> west.
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1. Introduction

The real economy is the foundation and main body of a country’s economic develop-
ment. Since the reform and opening up, China’s real economy has developed rapidly,
driving the development of the fictitious and overall economy. Although the current ficti-
tious economy, represented by finance and real estate, is developing rapidly, there are
also huge ‘economic bubbles’ behind it. After the 2008 financial crisis specifically, all
countries were aware of the dangers of financial/non-real economies over-expanding.
They also realized that the development of the real economy was the foundation of
national economic development. If divorced from the real economy, the overall economic
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development will not last. At present, China’s economy has shifted from a stage of high-
speed growth to a stage of high-quality development. It is in a critical period of trans-
forming its development mode, optimizing its economic structure and transforming its
growth drivers. Structural production issues and distribution issues are intertwined and
new growth drivers are needed (Zhang et al., 2022). The report to the 19th National
Congress of the Communist Party of China pointed out that the focus of economic
development must be placed on the real economy in building a modernized economy.

At present, the research on economic growth efficiency at home and abroad is more
concentrated on the research on the growth efficiency of provinces, cities, or industries
(Albert, 1998; F€are et al., 1994; Li & Zheng, 2019; Sun & Ding, 2015). There is limited
research on the growth efficiency of the real economy. The calculation of the general
economic growth efficiency only considers the constraints of input of labour, capital,
energy and other factors, ignoring the total factor productivity of undesired outputs
such as environmental pollution. However, the real economy activities are subject to
the dual constraints of pollution discharge and resource input simultaneously. Lack of
efficiency evaluation for environmental constraints will orient local economic develop-
ment to GDP only, ignoring environmental pollution problems, which is not conducive
to sustainable economic development (Zhu et al., 2011). Therefore, this study attempts
to measure the growth efficiency of the real economy by considering environmental
constraints and exploring the driving force of its growth, so as to provide a reference
point to guide the high-quality development of the real economy.

Marginal utility of this research: First, this study combines the current era of
‘high-quality economic development’ and ‘revitalization of the real economy’, and
divides the economy into the real and fictitious economy from the industrial level,
which enriches the efficiency of economic growth to an extent. The research object
can also create a preliminary understanding of the current development and growth
efficiency of my country’s real economy. Second, this study considers the research
on growth efficiency of the real economy under environmental constraints, using
the traditional DEA-Malmquist index method, by considering the non-essential
Slacks-based Measure and Malmquist Luenberger (SBM-ML) index method of
expected output measures; it decomposes the growth efficiency of the real economy
under the constraints of resources and the environment. Finally, we conduct a com-
parative analysis of the obtained results to provide a reference for the preliminary
understanding of changes in economic growth efficiency and reasons for these
changes. Third, this study measures the growth efficiency of the real economy in 30
provinces and cities across the country. These are divided it into four regions: the
eastern, central, western and north-eastern regions, for further analysis. The direc-
tion and focus of improvement provide references to further promote the high-
quality development of China’s economy.

2. Literature review

2.1. Economic development and environmental pollution

As China’s economy enters the new normal, scholars are committed to exploring the
path of harmonious coexistence, common development of economic growth and the
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ecological environment. Between environmental pollution and economic growth,
there is not only an ‘inverted U-shaped’ curve that increases first and then decreases
(Grossman & Krueger, 1991), but also other forms: ‘N-shaped’ and ‘inverted N-
shaped’ curves (Xu, 2018; Yang et al., 2015). The correlation between environmental
pollution and economic growth, scale and quality depends on industrial structures
and local policies (Du et al., 2020). In the short term, environmental pollution inten-
sifies with economic growth (Yan & Cao, 2020).

As one of the negative externalities of economic development, environmental pol-
lution has long concerned academia. The selection of environmental factors can be
divided in three ways: single, multi and comprehensive indexes. The selection meth-
ods of indicators are different for each research object. The main sources of environ-
mental pollution are waste gas, wastewater and solid waste; these are the focus of
unexpected output research. Since the exhaust gas contains a variety of pollutants,
researchers have different methods for the selection of exhaust gas measurement indi-
cators. Some scholars use carbon dioxide, sulfur dioxide, nitrogen oxides, smoke
(powder) dust and other indicators to characterize the unexpected output (Huang
et al., 2018; Wang & Cheng, 2019; Xiang & Lin, 2018). Considering the complexity of
carbon dioxide emission calculation and the scientificity and availability of data, this
study selects sulfur dioxide emissions to measure the exhaust emission level.

2.2. Definition of the real and fictitious economy

The real and non-real economy jointly constitute the overall economy of China and
are two corresponding concepts. They operate independently and are unified. The
current academic circle has not completely unified the definition and scope of the
real and non-real economy.

The real economy is characterized by market, commerce, legal tender, taxation,
government regulation and national accounting accounts (Zelizer, 2008). The real
economy can be defined from the perspectives of material production (Liu, 2011),
pricing (Liu, 2003) and monetary growth (Liu, 2015). Most scholars regard the pro-
duction sector that excludes the financial and real estate industries as the real econ-
omy (Huang, 2017; Wang et al., 2022; Wang & Dong, 2018). From the perspective of
pricing, the non-real economy includes real estate, finance and other industries, high-
tech products, intangible assets and so forth (Cheng, 2003). It uses currency, value
symbols and assets as media (Liu, 2015) and has four characteristics: high liquidity,
high risk, instability and high speculation.

Since the Industrial Evolution 4.0, people’s lifestyles have become increasingly infor-
mation-based. Information and industrialization have gradually integrated. Services and
information have become new trends in the development of the real economy. The
manufacturing industry is still the core of the real economy (Huang, 2017A). the non-
real economy is the product of the development of the real economy, to a certain
extent. Its purpose is to serve the real economy. In the process of the development and
expansion of the non-real economy, the real economy has been revitalized and devel-
oped. However, with the excessive development of the non-real economy, talents, cap-
ital, technology and other factors are largely occupied by the financial market. The
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prevalence of short-term speculation and the false prosperity of the financial market
will lead to the lack of driving forces in the growth of the real economy. Once the bub-
ble economy is destroyed, the real economy will be shocked severely (Caballero &
Krishnamurthy, 2006; Li & Yin, 2017; Martin & Ventura, 2012).

Through a literature review, we can define the real and non-real economy from
two perspectives: one is through discrimination between the two economies and the
other is through industrial classification. From the industrial level, most scholars
exclude the financial industry from the real economy; the main difference is whether
to attribute the real estate industry to the real economy. In the real estate industry,
development, investment, construction and the purchase of consumer housing can be
regarded as the real economy, while speculation to earn spread income in the second-
ary real estate market does not belong to the real economy. Considering the current
trend of China’s real estate industry, this study refers to the practice of most scholars
and regards the financial sector and real estate industry as the non-real economy,
while the rest of the industrial sectors are regarded as real economies.

2.3. Economic growth efficiency

At present, the efficiency of economic growth is often measured by total factor prod-
uctivity, predominantly including the parametric method represented by the Solow
residual method and stochastic frontier approach (SFA), as well as the nonparametric
method represented by data envelopment analysis (DEA).

Most scholars have conducted empirical analyses on China’s economic growth effi-
ciency from the perspective of productivity (Wang et al., 2006; Yan & Wang, 2004;
Yi et al., 2003; Zhu et al., 2009). However, in the process of economic development,
they only take GDP as the guide and ignore the impact of environmental factors on
economic growth efficiency. The calculation results obtained may mislead the mean-
ing of total factor productivity (Shadbegian & Gray, 2005) or overestimate the actual
production efficiency (Li & Xu, 2009). Considering the constraints of the environ-
ment and resources, researchers began to analyse green total factor productivity
(Chen, 2010; Hoang & Coelli, 2011), which is mostly used to explain the regional
economic gap (Hu & Yang, 2011; Wu, 2009). Most scholars use the SBM directional
distance function for measurement (Chen, 2010; Yang & Long, 2012; Yu & Wei,
2012; Zhang & Tang, 2022); in the selection of indices, some use Luenberger
Productivity Index (Yuan & Xie, 2015), Globe Malmquist Luenberger (GML) Index
(Yu & Wei, 2012) and Malmquist Luenberger (ML) Index (Lu et al., 2017; Yang &
Shao, 2009; Yang & Wang, 2022).

With the deepening of empirical research, scholars calculate the economic growth
efficiency from national, regional and prefecture levels. Some international scholars
use Malmquist index to evaluate the economic productivity of OECD countries (F€are
et al., 1994), use stochastic frontier analysis (SFA) to calculate the economic growth
efficiency of various regions of Spain (Albert, 1998) and introduce endogenous map-
ping vector into the GTFP of dozens of countries in the DEA model (Mavi, 2019),
the technical efficiency (TE) index of G7 countries is calculated using a Two-stage
DEA model (Bampatsou & Halkos, 2019). In China, some scholars use the stochastic
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frontier production function model to study China’s overall economic growth effi-
ciency (Zhu et al., 2009) and regional economic growth efficiency (Li & Zheng, 2019;
Sun & Ding, 2015; Zhang et al., 2021); alternatively, they use the DEA Malmquist
index model to study the total factor productivity of provinces, cities and regions in
China (Yan & Wang, 2004; Zhang & Ma,2022). Some scholars also use the two-stage
network DEA model (Yang et al., 2020) to construct the economic growth efficiency
index (Huang & Guo, 2020) to calculate and decompose the economic efficiency.
Zhang established production function models to measure the efficiency of regional
resource allocation (Zhang et al., 2022).

Through the above, the existing literature has conducted much research on meas-
uring China’s economic growth efficiency, but there is no research evaluating eco-
nomic growth efficiency from the perspective of economic structure. In the research
and evaluation of economic growth efficiency, most studies only focus on the
expected output, such as GDP, without considering the possible pollutants, non-
performing loans and other unexpected outputs in the process of economic growth.
In this study, the traditional DEA Malmquist and SBM-ML index methods consider-
ing undesired output are used to construct the measurement model of real economic
efficiency. The total factor productivity represents the economic growth efficiency,
decomposes the total factor productivity into technical change and technical effi-
ciency, compares and analyses the real economic total factor productivity from the
national, provincial and regional levels, explores the main reasons affecting the
change of economic growth efficiency and analyses the temporal and spatial dynamic
evolution characteristics of economic growth efficiency.

3. Research methods and data processing

3.1. Data envelopment analysis

DEA is an efficiency evaluation method proposed by Charnes et al. (1978). Its proto-
type comes from the enveloped idea of Farrell (1957). This method mainly uses the
idea of linear programming to solve the problem of multi-input and multi-output;
there is no need to set the function form. DEA method is applicable to the measure-
ment of production efficiency in the presence of multiple decision-making units.
According to the input-output data of all decision-making units, the production pos-
sibility set and frontier are constructed. The gap between each object and production
frontier is then calculated. Finally, the production efficiency is calculated. On this
basis, F€are et al. (1994) used the research of Malmquist (1953) and Shephard distance
function to create a Malmquist productivity index method that could measure and
decompose the dynamic change of production efficiency.

The Malmquist productivity index model assumes that the decision-making unit
production technology converts input factor X into output Y at each time. St is the
production possibility set at time t:

St ¼ xt , yt
� �

: xt produce yt
� �

(1)
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The output distance function at time t is defined as the reciprocal of the maximum
proportion that can expand to output y under the condition of fixed input x (Farrell,
1957):

Dt
i xt , yt
� � ¼ inf h : xt, yt=h

� � 2 St
� � ¼ sup h : xt , hyt

� � 2 St
� �� ��1

(2)

When ðxt, ytÞ 2 St , Dt
iðxt , ytÞ � 1; if and only if Dt

iðxt , ytÞ ¼ 1, ðxt, ytÞ is a point on
the technological frontier. At this time, the production is technically efficient (i.e. the
output is maximized in the given input). The distance function at two different times
is involved in the model, among them, Dt

iðxt, ytÞ ¼ 1 indicates the technical level at
time t, ðxt, ytÞ can reach its maximum possible for the ratio of output to actual output:

Dt
i xtþ1, ytþ1
� � ¼ inf h : xtþ1, ytþ1=h

� � 2 St
� �

(3)

In Equation (3), ðxt , ytÞ 2 St , ðxtþ1, ytþ1Þ 2 Stþ1: However, if there are technical
changes, ðxtþ1, ytþ1Þ=2Stþ1, so Dt

iðxtþ1, ytþ1Þ>1 is feasible.
At the technical level of production technology at time t and time tþ 1, ðxt, ytÞ

can reach the maximum possible for the ratio of output to actual output as:

Mt
i ¼

Dt
i xtþ1, ytþ1
� �
Dt

i xt , ytð Þ ,Mtþ1
i ¼ Dtþ1

i xtþ1, ytþ1
� �

Dtþ1
i xt , ytð Þ (4)

The geometric average is used to calculate the change of production efficiency, as:

Mi x
tþ1, ytþ1; xt, yt

� � ¼ Dt
i xtþ1, ytþ1
� �
Dt

i xt , ytð Þ � Dtþ1
i xtþ1, ytþ1

� �
Dtþ1

i xt , ytð Þ

( )1
2

(5)

MEFFCHtþ1
t ¼ Dtþ1

i xtþ1, ytþ1
� �
Dt

i xt, ytð Þ (6)

MTECHtþ1
t ¼ Dt

i xtþ1, ytþ1
� �

Dtþ1
i xtþ1, ytþ1ð Þ �

Dt
i xt , yt
� �

Dtþ1
i xt , ytð Þ

" #1
2

(7)

MTFPtþ1
t ¼ MEFFCHtþ1

t �MTECHtþ1
t (8)

MTFPtþ1
t is the efficiency of economic growth in the region, if MTFPtþ1

t >1, it rep-
resents the improvement of regional economic growth efficiency; if MTFPtþ1

t ¼ 1, it
represents the efficiency of regional economic growth remaining unchanged; if
MTFPtþ1

t <1, it represents the decline in the efficiency of regional economic growth.
MEFFCHtþ1

t is the technical efficiency change index, which measures the approach
degree of the region from time t to time tþ 1 to the production frontier. If
MEFFCHtþ1

t >1, then the technical efficiency is improved; if MEFFCHtþ1
t <1, the

technical efficiency is declined. MTECHtþ1
t is the technology change index, which
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measures the outward expansion of the production possibility boundary from time t
to tþ 1 in the region. If MTECHtþ1

t >1, the region has made technological advances;
if MTECHtþ1

t <1, the region is technologically backward.
In the production process, some by-products such as waste gas, wastewater and

solid waste are often produced. Generally, the calculation of economic growth effi-
ciency only considers the constraints of factor inputs such as labour, capital and
energy. It and ignores the total factor productivity in the presence of unexpected out-
put. At the same time, most of the traditional DEA models are radial models, without
considering the relaxation of input or output. Therefore, Tone (2001) proposed the
Slacks-based Measure (SBM) model, which incorporated relaxation variables into the
objective function to solve the relaxation problem of input-output and the efficiency
measurement problem of unexpected output. Chung et al. (1997) created a directional
distance function to replace the traditional Shephard distance function and con-
structed a Malmquist-Luenberger (ML) productivity index that can measure the total
factor productivity with unexpected output. Combined with the SBM model and ML
index method, this study measures the growth efficiency of the real economy while
considering unexpected output.

The ML index aims to increase expected output and reduce unexpected output. In
form, it is as:

D0

!
x, y, b; gð Þ ¼ sup b : y, bð Þ þ bg 2 PðxÞ� �

(9)

In Equation (9), g represents the direction vector to which the output is scaled.
g ¼ ðy, bÞ, meaning that the expected output increases while the unexpected output
decreases; PðxÞ is output set; y is expected output, x is unexpected output. Thus, the
following can be obtained:

D0

! ðx, y, b; y, bÞ ¼ supfb : D0ðx, ðy, bÞ þ bðy, bÞÞ � 1g
¼ supfb : ð1þ bÞD0ðx, y, bÞ � 1g
¼ supfb : b � 1

D0ðx, y, bÞ � 1g

¼ 1
D0ðx, y, bÞ�1

(10)

As with the Malmquist index, ML can also be decomposed to obtain technical
changes and technical efficiency. The specific decomposition is as follows:

MLtþ1
t ¼ 1þ Dt

i

!
xt , yt , bt; gt
� �h i

1þ Dt
i

!
xtþ1, ytþ1, btþ1; gtþ1ð Þ

h i� 1þ Dtþ1
i

!
xt , yt , bt; gt
� �� �

1þ Dtþ1
i

!
xtþ1, ytþ1, btþ1; gtþ1ð Þ

h i
8>><
>>:

9>>=
>>;

1
2

(11)
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MLEFFCHtþ1
t ¼ 1þ Dt

i

!
xt , yt, bt; gt
� �

1þ Dtþ1
i

!
xtþ1, ytþ1, btþ1; gtþ1ð Þ

(12)

MLTECHtþ1
t ¼ 1þ Dtþ1

i

!
xtþ1, ytþ1, btþ1; gtþ1
� �h i

1þ Dt
i

!
xtþ1, ytþ1, btþ1; gtþ1ð Þ

h i �
1þ Dtþ1

i

!
xt , yt , bt; gt
� �� �

1þ Dt
i

!
xt , yt , bt; gtð Þ

h i
8>><
>>:

9>>=
>>;

1
2

(13)

MLtþ1
t ¼ MLEFFCHtþ1

t �MLTECHtþ1
t (14)

The ML index and its decomposition have the same meaning as the Malmquist
index; if MLtþ1

t >1, it shows that the efficiency of regional economic growth has been
improved; if MLtþ1

t <1, then the efficiency of regional economic growth is reduced.

3.2. Data and variable description

3.2.1. Data description
The research objects of this study are 30 provinces (cities and autonomous regions)
from 2005 to 2017. The data are from China Statistical Yearbook, China fixed assets
statistical yearbook, China Environmental Statistical Yearbook, local statistical year-
book, EPS database and the official website of the people’s Bank of China and its
branches. To maintain the consistency of statistical calibre, the data of Tibet is miss-
ing, so it has not been included within the scope of the investigation. For the process-
ing of missing data of individual provinces and years, this study adopts appropriate
methods, such as the exponential smoothing method and averages. To explore the
differences of regional economic development, 30 provinces are divided by region:
eastern, central, western and northeast.1

3.2.2. Input and output indicators of real economic growth efficiency
Referring to the research of most scholars (Dong et al., 2019; Wu et al., 2020; Yang
& Wang, 2022; Yuan & Xie, 2015), the factor input is divided into capital, labour and
energy factor input. The corresponding indicators for analysis are then selected.
Among them, the input of capital factors considers two aspects: fixed capital and cir-
culating capital investments. In terms of fixed capital investment, the fixed capital
stock of the real economy is used as a measure and the ‘perpetual inventory method’
proposed by Zhang et al. (2004) is used for calculation. The fixed asset investment in
the real economy is calculated using the regional fixed asset investment minus the
fixed asset investment in the financial and real estate industries, deflated according to
the regional fixed asset investment price index in the China Statistical Yearbook and
converted to 2005 as the base period. The average annual growth rate of fixed asset
investment is calculated using the cumulative method; the capital depreciation rate is
10.96% with reference to the research results of Shan (2008). The stock of fixed cap-
ital reflects part of the capital investment of the real economy. For the current capital,
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the scale of social financing is used. The input of labour factors is selected from social
employees minus employees in the financial and real estate industries. The input of
energy factors is measured by the total energy consumption of the region.

As one of the negative externalities of economic development, environmental pol-
lution has long concerned academic circles. For the selection of environmental fac-
tors, there are mainly three methods: single, multi- and comprehensive indicators.
The indicator selection methods differ for each research object. In the selection of
undesired output indicators, most authors choose waste gas, wastewater and solid
waste as representatives (Cheng, 2016; Li, 2009; Liu & Zhang, 2022; Zhang & Gong,
2017) . This study also refers to the practice of most scholars, using exhaust gas,
wastewater and solid waste as undesired outputs. The expected output is the real eco-
nomic growth as the real economic output. Taking 2005 as the base period, according
to the regional GDP index (the regional financial and real estate industries’ GDP
index), the corresponding deflator is processed to obtain the real GDP and financial
and real estate industries’ GDP at the constant price during 2005. The portion of the
GDP after excluding the financial and real estate industries’ GDP is regarded as the
GDP of the real economy. The descriptive statistics of the research variables of real
economic growth efficiency are shown in Table 1.

4. Empirical analysis

This study selects the data of 30 provinces and cities in China from 2005 to 2017 to
calculate the growth efficiency of China’s real economy. It uses the DEA Malmquist
index method of DEAP 2.1 software, SBM model of maxdea6 pro software and ML
index method to measure and decompose the total factor productivity of the real
economy of provinces and cities under environmental constraints. The total factor
productivity is divided into two parts: technical change and technical efficiency.
Thereafter, the economic growth efficiency is analysed from the inter-provincial and
regional levels, respectively. The differences of economic development are explored in
various regions. The specific empirical analysis results are as follows:

4.1. Empirical analysis on the growth efficiency of China’s real economy

At the national level, it can be seen from Table 2 that the average value of total factor
productivity of the real economy in 30 provinces and cities in China showed a

Table 1. Descriptive statistics of variables in the study of real economy growth efficiency.

Measurement index
Sample
size Minimum Maximum Average

Standard
deviation

Input indicators Fixed capital stock 390 1706.92 79184.99 20072.06 15755.37188
Scale of social financing 390 68.00 23120.00 3585.53 3464.84799
Number of employees 390 274.20 6697.53 2570.85 1702.51045
Total energy consumption 390 822.20 38899.25 12975.22 8147.881582

Expected output
indicator

Gross domestic product 390 508.86 62452.71 12763.61 11342.05581

Non-expected
output indicator

Exhaust emissions 390 1.43 200.3 67.9791 43.77025
Waste water discharge 390 5782 938261.03 162581.93 161178.7956
Solid waste 390 127 45575.83 8633.2854 7956.93011

Source: Authors.
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fluctuating trend from 2005 to 2017, which was reflected in the increase of total fac-
tor productivity of the real economy in most years of the sample period. As it was
affected by the 2008 financial crisis, the total factor productivity of the real economy
decreased the most from 2008 to 2009. From 2011 to 2012, China’s economy entered
the new normal, which started the transformation and upgrading from high-speed
growth to high-quality development; the total factor productivity of the real economy
also decreased. This shows that the growth efficiency of the real economy is vulner-
able to the macroeconomic environment and economic development stage to an
extent. When the macro situation fluctuates or the economic development stage
enters a period of adjustment, it will create fluctuations in the growth efficiency of
the real economy. From 2005 to 2017, the average dynamic change of total factor
productivity of 30 provinces and cities in China was 1.027, indicating that the total
factor productivity of the real economy increased by 2.7% in 2017 compared with
2005. The change of total factor productivity in the real economy mainly comes from
technological changes, which reflects the effectiveness of vigorously promoting
technological innovation and reform in China. Technological changes showed a
period of technological progress from 2005 to 2017, an increase of 3.3%. The average
technical efficiency decreased by 0.7%, of which the average pure technical efficiency
decreased by 0.2% and the average scale efficiency decreased by 0.4%; this shows that
China’s current real economic growth fails to make effective use of the total amount
of factors under the current technical level. The improvement of the growth efficiency
of the real economy not only depends on the promotion of technological changes,
but also fully excavates the utilization efficiency of the current technology, so as to
realize the high-quality growth of the real economy.

During the investigation period, the real economy total factor productivity of 7
provinces and cities in Hebei, Heilongjiang, Jiangxi, Henan, Shaanxi, Gansu and
Xinjiang decreased; the real economy total factor productivity of the other 23 provin-
ces and cities was greater than 1; and the efficient provinces and cities accounted for
76.67% of the whole. Table 3 shows that the real economy growth efficiency of most
provinces and cities has improved. Among all provinces and cities, Beijing’s average
real economy total factor productivity increased the most, by 6.7%. The total factor
productivity of Heilongjiang’s real economy decreased most. Combined with the

Table 2. Total factor productivity of real economy in 30 provinces and cities from 2005 to 2017.

Year
Total factor
productivity

Technological
change

Technical
efficiency

Pure technical
efficiency

scale
efficiency

2005–2006 0.997 0.980 1.017 1.017 1.000
2006–2007 1.041 1.004 1.037 1.024 1.013
2007–2008 1.002 1.030 0.973 0.985 0.988
2008–2009 0.841 0.819 1.027 1.005 1.022
2009–2010 1.138 1.159 0.982 1.002 0.980
2010–2011 1.082 1.089 0.993 0.991 1.002
2011–2012 1.035 1.036 1.000 1.006 0.994
2012–2013 0.973 0.974 0.999 0.998 1.002
2013–2014 1.052 1.083 0.972 0.977 0.994
2014–2015 1.079 1.051 1.027 1.030 0.997
2015–2016 1.041 1.038 1.003 1.008 0.995
2016–2017 1.071 1.190 0.900 0.937 0.961
Average 1.027 1.033 0.993 0.998 0.996
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decomposition results of total factor productivity, 93.33% of provinces and cities
show technological changes, among which Hainan had the most favourable techno-
logical change in the real economy and Heilongjiang had the largest technological
regression. In terms of technical efficiency, Jilin had the largest increase in technical
efficiency and Xinjiang had the largest decline in technical efficiency. Only 30% of
provinces and cities have improved their technical efficiency, which shows that the
technical efficiency of the real economy in most provinces and cities in China has
decreased; this will weaken the promotion of technological changes in the real econ-
omy and inhibit the improvement of total factor productivity of the real economy.
Through further decomposition of technical efficiency, only 36.67% of provinces and
cities have pure technical efficiency greater than 1 and 13.33% of provinces and cities
have scale efficiency greater than 1. This shows that the scale efficiency of the real
economy in most provinces and cities in China is low, which also indicates that the
real economy of China needs to focus on management and organizational innovation
of enterprises related to the real economy, while increasing scientific research

Table 3. Average total factor productivity of China’s real economy of provinces and cities from
2005 to 2017.

Region
Total factor
productivity

Technological
change

Technical
efficiency

Pure technical
efficiency

Scale
efficiency

Beijing 1.067 1.067 1.000 1.000 1.000
Tianjin 1.061 1.061 1.000 1.000 1.000
Hebei 0.986 1.013 0.973 0.977 0.996
Shanxi 1.008 1.037 0.972 0.980 0.992
Inner Mongolia 1.051 1.039 1.012 1.012 1.000
Liaoning 1.062 1.043 1.018 1.016 1.002
Jilin 1.026 1.007 1.019 1.015 1.003
Heilongjiang 0.967 0.967 1.000 1.000 1.000
Shanghai 1.038 1.047 0.991 1.000 0.991
Jiangsu 1.039 1.035 1.004 1.009 0.995
Zhejiang 1.040 1.044 0.996 1.000 0.996
Anhui 1.009 1.015 0.993 0.997 0.996
Fujian 1.053 1.048 1.004 1.009 0.996
Jiangxi 0.994 1.010 0.985 0.985 1.000
Shandong 1.034 1.020 1.013 1.012 1.002
Henan 0.994 1.000 0.994 0.998 0.996
Hubei 1.035 1.042 0.993 1.000 0.993
Hunan 1.027 1.039 0.988 0.999 0.990
Guangdong 1.023 1.028 0.995 1.000 0.995
Guangxi 1.028 1.029 0.999 1.001 0.999
Hainan 1.008 1.034 0.975 1.000 0.975
Chongqing 1.063 1.045 1.017 1.019 0.998
Sichuan 1.030 1.043 0.987 0.997 0.991
Guizhou 1.050 1.048 1.002 1.005 0.998
Yunnan 1.049 1.048 1.001 1.006 0.994
Shanxi 0.997 1.019 0.978 0.981 0.997
Gansu 0.991 1.010 0.982 0.984 0.997
Qinghai 1.054 1.067 0.987 1.000 0.987
Ningxia 1.060 1.069 0.991 1.006 0.986
Xinjiang 0.971 1.036 0.937 0.935 1.002
Maximum 1.067 1.069 1.019 1.019 1.003
Minimum 0.967 0.967 0.937 0.935 0.975
Average 1.027 1.033 0.993 0.998 0.996
Standard Deviation 0.029 0.022 0.017 0.016 0.006
Number of provinces and cities greater than 1 23 28 9 11 4
Proportion of valid provinces and cities 76.67% 93.33% 30.00% 36.67% 13.33%

Source: Authors.
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investment and improving independent innovation. Meanwhile, timely integration
should be conducted to better play to its scale efficiency.

The total factor productivity is compared to the regional level, as shown in
Table 4. From 2005 to 2017, the total factor productivity of the real economy in all
regions of China increased; the growth range was east>west>northeast> central.
The eastern region has the largest growth rate of total factor productivity of the real
economy, with an average annual growth rate of 3.5%. In terms of technological
change, the western region has the largest range of technological change, followed by
the eastern region. Northeast China has the smallest range of technological change.
The increase in total factor productivity of the real economy (except for the
Northeast region) comes mainly from technological changes. Through further ana-
lysis, it can be found that the scale efficiency of eastern, central and western regions
is relatively low, which indicates that there is still a gap between the production scale
of the real economy in this region and the maximum scale. Therefore, the reasonable
allocation of factors should further be conducted to achieve the optimization of scale.
In addition, the pure technical efficiency of the central and western regions is also
low, indicating that the two regions must still improve the system and manage-
ment level.

4.2. Empirical analysis of China’s real economic growth efficiency considering
unexpected output

According to Table 5, the average value of total factor productivity of the real econ-
omy in 30 provinces and cities in China, considering environmental pollution,
showed a fluctuating trend from 2005 to 2017; the total factor productivity was higher
than 1 in only three years. From 2005 to 2017, the average value of total factor prod-
uctivity of the real economy in 30 provinces and cities in China was 0.994; the total
factor productivity of the real economy fell by 0.6%. Considering the unexpected out-
put, the decrease of total factor productivity of the real economy mainly comes from
technological change, but technological efficiency also restricts the improvement of
the quality of real economic growth. The technical change is characterized by tech-
nical retrogression, with a decrease of 0.9%. Technical efficiency increased by an aver-
age of 0.2%. It shows that when considering the ‘bad’ output of waste gas and
wastewater, there is still room for improvement in the total factor productivity of
China’s real economy. The main reason is that the degree of technological change of
the real economy under environmental constraints is not sufficiently high. The tech-
nical efficiency of the real economy, considering environmental constraints, is higher

Table 4. Average total factor productivity of real economy by region from 2005 to 2017.

Region
Total factor
productivity

Technological
change

Technical
efficiency

Pure technical
efficiency

Scale
efficiency

Eastern 1.035 1.040 0.995 1.001 0.995
Central 1.011 1.024 0.988 0.993 0.995
Western 1.031 1.041 0.990 0.995 0.995
Northeast 1.018 1.005 1.012 1.010 1.002

Source: Authors.
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than that under ignoring environmental factors; this is manifested as an improvement
in technical efficiency.

From the performance of 30 provinces and cities in the whole investigation period,
only 11 provinces and cities have a real economy total factor productivity that is greater
than 1 under the condition of considering unexpected output. The efficient provinces
and cities account for 36.67% of the whole, which is 40% lower than that without con-
sidering the unexpected output, indicating that environmental factors are not consid-
ered in the growth efficiency of the real economy in most provinces and cities.
Combined with the decomposition results of total factor productivity, only 33.33% of
provinces and cities contain technological changes under the condition of considering
unexpected output. In terms of technical efficiency, considering that the technical effi-
ciency of the real economy has improved under the unexpected output, the provinces
and cities with improved technical efficiency account for 66.67% of the whole. The
basic statistical characteristics of the average value for total factor productivity results in
the 30 provinces and cities are shown in Table 6. The results show that the real eco-
nomic growth efficiency of most provinces and cities in China ignore environmental
factors. The real economic growth efficiency and technological changes decrease after
adding unexpected output, indicating that China’s current real economic growth effi-
ciency is still a certain distance from the objectives of ‘sustainable’ and ‘green’ develop-
ment. The fundamental reason is that the technological improvement and innovation
of green and environmental protection in the real economy are insufficient. At present,
most technological improvements and changes focus on economic benefits such as out-
put, ignoring the social benefits of environmental protection and resource utilization.

Table 5. Change of total factor productivity in real economy under unexpected output from 2005
to 2017.
Year TFP TECH EFFCH

2005–2006 0.997 1.013 0.984
2006–2007 0.991 0.974 1.018
2007–2008 0.992 1.001 0.991
2008–2009 1.052 1.071 0.982
2009–2010 0.959 0.948 1.012
2010–2011 1.054 1.053 1.001
2011–2012 0.989 0.990 1.000
2012–2013 1.004 1.009 0.995
2013–2014 0.982 0.974 1.008
2014–2015 0.975 0.980 0.996
2015–2016 0.970 0.962 1.009
2016–2017 0.962 0.935 1.029
Average 0.994 0.991 1.002

Source: Authors.

Table 6. Basic statistical characteristics of the mean value of total factor productivity of real
economy in 30 provinces and cities.

Min Max Ave SD

Number of
provinces and cities

greater than 1

Proportion of
efficient provinces
and cities (%)

Real economy TFPCH 0.959 1.022 0.994 0.016 11 36.67
TECHCH 0.959 1.014 0.991 0.014 10 33.33
EFFCH 0.990 1.014 1.002 0.005 20 66.67

Source: Authors.
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The 30 provinces and cities are divided into the east, middle, west and the north-
east for analysis. They then explore the regional differences in the growth efficiency
of the real economy. The calculation results in the change of total factor productivity
are shown in Table 7. From 2005 to 2017, the total factor productivity of the real
economy in the central region of my country (which considers undesired output)
increased by 0.4%; the growth efficiency of the real economy in the rest of the region
declined. Among them, the eastern region showed the largest decline, with a decrease
of 1.6%, followed by the northeast region. In terms of technological changes (except
for the technological progress in the central region), the regions have experienced
technological regression to varying degrees, of which the eastern region has the larg-
est decline in technological changes. In terms of technical efficiency (except for the
technical efficiency of the real economy in the Northeast region), there was a general
decrease of 0.5% and the improvement in technical efficiency in other regions was
not much different. It shows that under the consideration of environmental con-
straints, the growth efficiency of the real economy in the eastern, western and north-
eastern regions have declined to varying degrees; the decline in the technology of the
real economy in these regions is the main reason for the decline in the total factor
productivity of the real economy.

4.3. Comparative analysis of the real economic growth efficiency under
environmental constraints

In this study, the traditional DEA Malmquist model that considers only the expected
output, as well as the SBM-ML (Malmquist Luenberger) model considering the
undesired output are used to calculate the real economy total factor productivity. The
results of real economy total factor productivity and its decomposition are then com-
pared and analysed.

In terms of total factor productivity, according to Figure 1, the average annual
growth range and standard deviation of total factor productivity of the real economy
based on the traditional DEA Malmquist model are greater than those of the SBM-
ML model, indicating that the growth efficiency of the real economy under the con-
straints of resources and the environment has decreased, while the fluctuation of total
factor productivity of the real economy has decreased and stability has increased.

Total factor productivity is divided into the technical progress and efficiency
change indexes; its change trend is shown in Figure 2. In terms of technological
changes, the average annual technological growth rate of the real economy (consider-
ing only the expected output from 2005 to 2017) was 3.3%, which was reflected in
technological progress. Considering the environmental factors, the average annual

Table 7. Average total factor productivity of real economy by region under unexpected output
from 2005 to 2017.
Region TFP TECH EFFCH

Eastern 0.984 0.980 1.003
Central 1.004 1.002 1.002
Western 0.999 0.996 1.003
Northeast 0.987 0.991 0.995

Source: Authors.
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growth rate of technological changes in the real economy was �0.9%, with a slight
technological regression. Considering the unexpected output, the overall change range
of technological change in the real economy is small. At present, the technological
improvement and innovation of China’s real economy have improved by improving
economic benefits, but the technological innovation and changes in solving pollution
and environmental protection problems must further be strengthened. In terms of
changes, the overall technical efficiency of the real economy considering unexpected
output is improved, which is better than technical efficiency of the real economy
without unexpected output. At the same time, the standard deviation of technical effi-
ciency for the real economy considering the unexpected output is less than the calcu-
lation results of the traditional DEA Malmquist model. The overall change range of
the technical efficiency for the real economy considering the unexpected output is
small and stable overall.

The total factor productivity of the real economy for each region under the con-
straints of resources and the environment are decomposed and compared; the results
are shown in Table 8. The total factor productivity of the real economy is greater
than 1 when considering only the expected output in each region. When considering
the unexpected output, only the central region shows an increase in total factor prod-
uctivity and the rest show a decline in varying degrees; among them, the eastern

Figure 1. Trends of total factor productivity of real economy in 30 provinces and cities from 2005
to 2017.
Source: Authors.

Figure 2. Trends of real economy technological progress index and efficiency change Index in 30
provinces and cities from 2005 to 2017.
Source: Authors.
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region shows the largest decline. When only the expected output is considered, the
growth rate of total factor productivity of the real economy in the eastern region is
the highest in the region. This shows that the improvement of real economic growth
efficiency in the eastern region is at the expense of the environment to an extent,
which does not meet the requirements of sustainable and green development.
Considering the unexpected output, the standard deviation of total factor productiv-
ity, technological change and efficiency of the real economy in each region is signifi-
cantly reduced. This shows that when considering environmental constraints, the gap
of real economic growth efficiency among regions is not large.

In terms of technological change, the expected output of the real economy of each
region shows technological changes, but only the central region shows a slight
increase in technology after the unexpected output is included in the calculation; the
eastern region shows the largest decline in technological change. This reflects that the
decline of real economic growth efficiency in the eastern region because unexpected
output is largely due to the low degree of technological changes and improvements.
Except for the northeast region, the technical efficiency considering unexpected out-
put is greater than that considering only expected output, indicating that technical
efficiency of most regions has significantly improved after incorporating risk con-
straints. Regardless of whether the unexpected output is considered, the technological
changes in the real economy constitute a key factor affecting its total factor product-
ivity in various regions.

5. Conclusions and suggestions

5.1. Conclusions

This study combs the relevant research on economic growth efficiency, defines the
relevant concepts of the real and non-real economy, studies the real economic growth
efficiency of 30 provinces and cities in China by using the traditional DEA-
Malmquist and SBM-ML index methods considering unexpected output and draws
the following conclusions:

First, from 2005 to 2017, the total factor productivity of my country’s real econ-
omy increased by 2.7%; however, under environmental constraints, the total factor
productivity of the real economy decreased by 0.6%. This shows that my country’s
current real economic growth efficiency is still far from the goals of ‘sustainable’: and
‘green’ development. The fundamental reason for this is that the level of green and

Table 8. Comparison of total factor productivity of real economy by region.

Region

TFP TECH EFFCH

DEA-Malmquist SBM-ML DEA-Malmquist SBM-ML DEA-Malmquist SBM-ML

Eastern 1.035 0.984 1.040 0.980 0.995 1.003
Central 1.011 1.004 1.024 1.002 0.988 1.002
Western 1.031 0.999 1.041 0.996 0.990 1.003
Northeast 1.018 0.987 1.005 0.991 1.012 0.995
National 1.027 0.994 1.033 0.991 0.993 1.002
Sd 0.0111 0.0099 0.0168 0.0093 0.0111 0.0038

Source: Authors.
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environmentally friendly technological improvements and innovation in the real
economy is insufficient. Most of the current technological improvements and changes
focus on economic efficiency, ignoring the social benefits of environmental protection
and resource utilization.

Second, 76.67% of provinces and cities have improved the growth efficiency of the
real economy and 93.33% show technological progress, but few show improved tech-
nical efficiency, mainly because most provinces and cities have a low scale for effi-
ciency of the real economy. Under environmental constraints, only 11 provinces and
cities have a total factor productivity of the real economy that is greater than 1; effi-
cient provinces and cities account for 36.67% of the whole, decreasing by 40% com-
pared with non-expected output.

Third, at the regional level, the growth efficiency of the real economy measured by
traditional methods has been improved to varying degrees. The growth range is east-
ern>western>northeast> central region. Technological progress in the middle, cen-
tral and western regions is the key to the growth rate, while the improvement of
technological efficiency in northeast regions is the cause. In terms of technological
change, the western region has the largest technological change, followed by the east-
ern region. Northeast China has the smallest technological change range. However,
under the environmental constraints, only the central region showed improvement in
total factor productivity and technological progress, while the rest of the regions
showed different degrees of decline; decline range is eastern>northeast>western.

5.2. Suggestions

According to the research, the green total factor productivity of China’s real economy
is significantly lower than the traditional total factor productivity. To achieve high-
quality development of the real economy, it is necessary to consciously implement
the concept of green development and then forge ahead.

This study puts forward the following suggestions for improving the efficiency of
economic growth in various regions in the future: all regions should pay attention to
technological improvement and progress, especially in the control of pollution,
technological upgrading and green environmental protection improvements. The
growth efficiency of the real economy in the eastern region has declined the most
under environmental constraints. It is necessary to firmly establish the concept of
green and sustainable development. While attracting investments, the entry of high-
energy-consumption and high-emission enterprises should be fully controlled and
pollution control should be increased. Emission control efforts should protect sustain-
able development and improve the energy recycling rate; the real economy in the cen-
tral and western regions shows room for improvement in pure technical and scale
efficiency, so it is necessary to increase investment in innovation and develop tech-
nology. During transformation, it is necessary to optimize the production scale of the
real economy, strengthen regional infrastructure construction and administrative sys-
tem reform and improve technical efficiency. When undesired output is not consid-
ered, the technical efficiency of the Northeast region is better than that of other
regions. This shows that the Northeast region has achieved certain results in
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deepening the regional system reform in recent years and the regional technical effi-
ciency has been significantly improved. Combined with the analysis of the growth
efficiency of the real economy, the technological progress of the real economy in the
Northeast region is also relatively low. Therefore, the Northeast region should further
strengthen the technological transformation of the real economy. They should also
strengthen traditional advantageous industries while cultivating emerging industries,
increase innovation input and technological transformation of the real economy and
promote the transformation and upgrading of the real economy.

Note

1. Based on regional differences in China, its 30 provinces are divided into four regions:
eastern, central, western and northeast. The eastern region has a total of 10 provinces and
municipalities: Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong,
Guangdong and Hainan; the central region has 6 provinces and municipalities: Shanxi,
Anhui, Jiangxi, Henan, Hubei and Hunan; the western region has 11 provinces and
municipalities: Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi,
Gansu, Qinghai, Ningxia and Xinjiang; and the northeast region has 3 provinces and
municipalities: Liaoning, Jilin and Heilongjiang.
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