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ABSTRACT

The total output value of the construction industry, a pillar industry of China, is
continuously growing with the expansion of the production and operation scale of
Chinese construction enterprises. The extensive high-input mode has promoted the
economic growth of the construction industry. Despite the fruitful and amazing results,
the phenomenon of production inefficiency becomes especially prominent. Though
developing rapidly, China’s construction industry possesses less ecological investments,
accompanied by low environmental awareness and little importance to environmental
protection, always failing to get rid of high energy consumption, high investments,
and high emissions. In addition, the contradiction between the economic growth of
the construction industry and ecological environment remains evident. In this paper,
the production efficiency of China’s construction industry was transversely and
longitudinally measured using the DEA-Malmquist index method, followed by the further
analysis of the factors influencing the production efficiency of China’s construction
industry based on the Tobit regression model. The results show that the average
production efficiency of China’s construction industry is obviously the highest in the
east, the moderate in the west, and the lowest in the center. The number of construction
enterprises, per capita capital, industrial structure, the proportion of state-owned
capitals, and GDP are significant at the levels of 1%, 10%, 1%, 1%, and 1%,
respectively. The research results can provide theoretical reference for reasonably
establishing an ecological efficiency evaluation system for the construction industry to
analyze the differences in ecological efficiency among different provinces and regions,
further find out the key factors influencing ecological efficiency, propose the
corresponding pertinent policy suggestions, and ultimately improve the ecological
efficiency of China’s construction industry.

Keywords: DEA-Malmquist Index, Tobit Model, China’s Construction Industry,
Production Efficiency, Influencing Factor

1. Introduction

The construction industry is a pillar industry of China and a key force to enhance
China’s international competitiveness. In recent years, China’s construction industry
has achieved steady development even impacted by COVID-19. As a pillar industry of
China’s national economy, the construction industry plays a key role in promoting
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China’s economic growth. The rapid development of the construction industry not only drives
the rapid flow-in of mass labor force and plays an irreplaceable role in relieving the severe
employment situation in China but also attracts a large quantity of funds invested in the
production activities of the construction industry, making them be the fixed assets required
by people’s life, with non-negligible social and economic benefits. Although the economic growth
of the construction industry has been promoted by the extensive high-input method and
fruitful and amazing results have been achieved, the problem of production inefficiency is very
prominent, impeding the sustainable development of the construction industry in the future.
Production efficiency is the essential attribute characterizing the competitiveness of the
construction industry. The decreasing growth rate of fixed assets investment, the rising raw
material prices, and the increasing labor costs in China are directly related to the survival and
development of the construction industry in the fierce market competition environment.

With the development of economic transformation and new urbanization in China, the significance
of the construction industry in building a resource-saving and environment-friendly society is
increasingly enhanced. The construction industry is the pillar industry in China, and the total
output value and the house construction area of the construction industry are continuously
growing with the expansion of the output value and operation scale of Chinese construction
enterprises. Specifically, the total output value of the construction industry increased from
11,646.332 billion yuan in 2011 to 31,197.984 billion yuan in 2022, with an average annual
growth rate of 15.26%. Meanwhile, the house construction area also increased from
851,828,120 square meters in 2011 to 1564,518.19 square meters in 2022, with an average
annual growth rate of 7.61%. Influenced by resource restraints, however, it is difficult to
sustain the past extensive development model of the construction industry. Therefore, it is an
urgent need for the transformation of the economic growth mode of the construction industry
to realize green development, energy conservation, and emission reduction while improving
the production efficiency. The development level of the construction industry has an important
influence on the economic development and the rational allocation of resource elements.
However, China’s construction industry has maintained an extensive development mode for a
long time, accompanied by the weak innovation, excess reliance of the production process
upon energy input, and not high local transformation rate of resources. Thus, it is impossible
to judge whether China’s construction industry has prospered in real sense from two angles:
the total output value and production scale of the construction industry. In the meantime, the
important symbol-production efficiency-should be combined to investigate the internal
mechanism and dynamic laws of China’s construction industry. At present, China’s economic
construction continues to develop, the transformation of old and new kinetic energy has entered
a critical period, and the pressure on resources and environment continues to intensify. It is
difficult to meet the needs for the rational allocation of resources under the conditions of open
economy through the economic development mode excessively relying on traditional factors.
The high-quality economic development takes technological innovation as an important premise.
Hence, it is very significant scientifically locate the weak links in the development of China’s
construction industry, elevate the level of technological innovation, and improve the energy
consumption structure for improving the production efficiency and promoting the sustainable
development of the construction industry.

2. Literature Review

Developed countries in Europe and America started the research on the production efficiency
of the construction industry very early, mostly from the perspective of the whole industry and
the local perspective of enterprises. The DEA model or model combination has often been
used to study the production efficiency of a certain country’s construction industry or the
production efficiency of selected construction enterprises. For the research on the production
efficiency of the construction industry, Hu & Liu (2018) proposed a relational two-stage data
envelopment analysis (DEA) method, and found that the construction industry in eastern China
performs best in overall performance, efficiency, and benefit, and the regional gap is mainly
reflected in the difference of pure technical efficiency. Through a questionnaire survey,
Prabhu&Ambika (2013) found out the influencing factors of the behavior efficiency of
construction workers and determined their influencing level on project performance. Xueet al.
(2015) used the input-oriented model to measure the changes in energy consumption and
productivity of the construction industry in 26 provinces of China during 2004-2009. Then, an
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energy-saving gap was observed between the northeastern and western regions and the central
and eastern regions of China. Hortaet al. (2013) analyzed the performance trend of the global
construction industry and considered it necessary to strengthen the production efficiency analysis
of the construction industry. Carson & Abbott (2012) combed the research literature on the
productivity and efficiency level of New Zealand’s construction industry and analyzed the
applicability of various measurement methods to the construction industry in New Zealand.
Zhang et al. (2018) used the panel data of 30 provinces and cities in China during 2011-2015
to measure the impact of environmental regulation on the technical efficiency of regional
construction industry by using a three-stage DEA model. The results show that environmental
regulation has a significant impact on the efficiency of the construction industry in China. Du et
al. (2022) estimated the carbon emission efficiency of the construction industry in 30 provinces
of China based on the data during 2005-2016. The results show that the carbon emission
efficiency of the construction industry in China presents the unbalanced regional distribution
characteristics of high in the east and low in the west, with a significant spatial spillover effect.
You &Zi (2007) pointed out that the efficiency index of Korean construction companies decreased
significantly during the sample period, and there was a big difference before and after the
economic crisis. Nazarko&Chodakowska (2017) analyzed the differences in technical efficiency
measurement between stochastic frontier analysis (SFA) and data envelopment analysis (DEA)
in the construction industry, and compared their results. Huoet al. (2020) measured the total
factor energy efficiency (TFEE) of the construction industry in 30 provinces of China during
2006-2015. The results show that the energy efficiency of the construction industry in most
provinces and regions of China is low during the study period. Beijing, Hainan, and Zhejiang
provinces have the best efficiency, which constitutes the efficiency boundary of China’s energy
consumption. The results of Hong et al. (2019) reveal that the construction industry in China
consumes the most energy and water during the construction process and faces great challenges
in improving energy intensity. Tang et al. (2006) analyzed the correlation between total quality
management (TQM) and project performance in China’s construction industry. Zhang et al.
(2021) found that the optimization of the energy structure, the number of labor forces, the
total power of construction equipment, and the construction intensity exert significant positive
impacts on the development level of the construction industry. Nazarko&Chodakowska (2015)
used DEA and Tobit regression to analyze the productivity of European construction industry.
The results show that there are huge differences in the productivity of European construction
industry. Chen et al. (2016) used a three-stage data envelopment analysis (DEA) model to
analyze the energy efficiency and its changing trend in 30 provinces of China from 2003 to
2011. The results show that after eliminating the influence of environmental factors and random
errors, the energy efficiency value of the construction industry in most provinces has improved,
reflecting the relatively mature level of energy management and utilization in the construction
industry. Chancellor & Lu (2016) highlighted that the DEA method, an effective means of
exploring industry efficiency from different angles, can formulate evidence-based policies to
improve building productivity in specific regions or provinces. Kapelkoet al. (2015) estimated a
specific input Luenberger productivity growth index, and the results show that the productivity
changes of labor and capital of Spanish and Portuguese construction companies are negative,
and the productivity of Spanish construction companies’ capital and Portuguese labor declines
more seriously. Jarkas (2015) discussed the relative importance of the key factors affecting
the labor productivity of Bahrain’s construction industry, and ranked them, which filled the
knowledge gap about the factors affecting the labor productivity of the construction industry
and helped industry practitioners to understand the factors affecting the efficiency of workers
more widely and deeply. Hu & Liu (2016) proposed a two-stage data envelopment analysis
(DEA) method to analyze the production efficiency of the Australian construction industry. The
results show that from 1991 to 2012, the profitability and efficiency indexes of the Australian
construction industry performed poorly, with a slight imbalance, while the benefit indexes
performed well. Developed countries in Europe and America started the research on the
production efficiency of the construction industry very early, mostly from the perspective of
the whole industry and the local perspective of enterprises. The DEA model or model combination
has often been used to study the production efficiency of a certain country’s construction
industry or the production efficiency of selected construction enterprises. For the research
literature on the production efficiency of the construction industry from the regional angle,
however, the production efficiency of the construction industry has been measured mostly
through the input-output method, lacking the further influencing factor analysis, the conclusions
are not practical, and the research methods remain to be improved. Therefore, China’s
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construction industry was chosen as the research object and its production efficiency was
transversely and longitudinally measured using the DEA-Malmquist index method by reference
to previous research results, aiming to solve some problems of the existing relevant literature.
Moreover, the influencing factors were further analyzed through the Tobit regression model
according to the relevant measurement results, and thus the factors influencing the production
efficiency of China’s construction industry were found out. Finally, some referable ideas and
method suggestions for the future sustainable development of China’s construction industry.

3. Model Introduction and Index System

3.1. Model introduction
In 1978, famous American operations researchers Charnes et al. (1978) first proposed the
Data Envelopment Analysis (DEA), which is a nonparametric analysis model for evaluating the
relative efficiency of similar decision-making units (DMU) by applying the principle of
mathematical programming. The CCR model established by Charnes and the BCC model by
Banker et al. are based on the assumption of constant returns to scale. The DEA model
constructs a non-parametric envelope frontier, and above the production frontier are effective
products unit and below it are ineffective production units. According to the research angle,
methods are divided into input-oriented type and out-oriented type. The model assumes n
decision units, and each unit has s types of “inputs” and t types of “outputs”. xj ,yj and 
represent the input variable, output variable, and efficiency value of the j-th unit, the efficiency
value of the j-th decision unit can be converted into a linear programming problem, and the
corresponding CCR and BCC models are expressed as follows:
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The  value calculated by the CCR model is the comprehensive efficiency value (CRSTE) of the
corresponding decision unit. If the constraint 

j
 = 1 is further introduced into the CCR model,

which then evolved into a BCC model, and the  value obtained by this model is the pure
technical efficiency of the corresponding decision unit (VRSTE). The product between pure
technical efficiency and scale efficiency (SCALE) is the comprehensive efficiency value, i.e.,
VRSTE×SCALE=CRSTE.

To analyze the production efficiency of China’s construction industry, the Malmquist index
defined by Färe et al. (1992) was chosen as follows:

M (X t+1,Y t+1, X t,Y t ) =
Dt+1 (X t+1,Y t+1| CRS)

Dt+1 (X t,Y t | CRS)

Dt (X t+1,Y t+1| CRS)

Dt (X t,Y t | CRS)
x (3)

1

2
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Where Dt (Xt,Yt) and Dt+1(Xt+1,Yt+1) stand for the distance functions under the assumption of constant
returns to scale in the same period, and Dt+1(Xt,Yt) and Dt(X t+1,Y t+1) represent the distance functions
in different periods, M(Xt+1,Yt+1, Xt,Y t)>1, indicating the efficiency progress of an evaluation unit, or
otherwise, it represents efficiency retrogress. The Malmquist index can be decomposed as
follows:

(4)
M (X t+1,Y t+1, X t,Y t ) =

Dt (X t+1,Y t+1| CRS)

Dt+1 (X t+1,Y t+1 | CRS)

Dt (X t,Y t | CRS)

Dt+1 (X t,Y t | CRS)
x

1

2

Dt+1 (X t+1,Y t+1| CRS)

Dt (X t,Y t | CRS)
x

Where  is referred to as technical efficiency index, reflecting the closeness of

an evaluation unit to the production frontier. EC >1 means that the evaluation unit is close to
the production frontier and the relative technical efficiency is improved.

denotes the technical progress index, representing the move-

ment of the production frontier itself, and TCÿ1 indicates the progress of production technol-
ogy. Assuming that the returns to scale are variable, EC can be further decomposed as follows:

(5)EC =
Dt+1 (X t+1,Y t+1| CRS)

Dt+1 (X t+1,Y t+1 | VRS)

Dt (X t,Y t | VRS)

Dt+1 (X t,Y t | CRS)
x

1

2
Dt+1 (X t+1,Y t+1| VRS)

Dt (X t,Y t | VRS)
x

 is the pure technical efficiency index, reflecting the change in the man-

agement level of an evaluation unit, and PE>1 indicates the improved management level of the
evaluation unit, the improved factor and resource allocation and their utilization level, and the
efficiency progress of the construction industry, or otherwise, the management level is dete-

riorated and the efficiency declines. stands for the scale

efficiency, and SE>1 manifests that the evaluation unit is closer to the optimal production
scale, or otherwise, it is distant from the optimal production scale.

Meanwhile, to test the factors influencing the production efficiency of the construction industry,
bias and inconsistency may be generated if the least square method is adopted. In this study,
therefore, regression analysis was performed using the panel Tobit model. As a regression
model with restricted dependent variables, the Tobit regression model can solve the modeling
problem with restricted or truncated dependent variables, and it can be rewritten as:

Y =
Y * = X + Y *> 0

0, Y *
(6)

Where: Y is the truncated dependent variable, X denotes the independent variable,  is an
intercept term, represents a regression parameter; and  is a disturbing term, .
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3.2. Index system
The production efficiency of the construction industry should be measured by the following the
principle of index measurement, and efforts should be made to avoid the correlation between
influencing factors.

According to the practice of the existing research literature, the input indexes were chosen
from three angles: labor input, capital input, and technical input, and output indexes were
selected from two angles: economic benefit and actual benefit. The measurement index system
for the production efficiency of the construction industry is listed (Table 1).

Table 1. Measurement index system for the production efficiency of the construction industry

To explore the factors influencing the production efficiency of the construction industry, mean-
while, the production efficiency of the construction industry was taken as the explained vari-
able and correlation variables as the explanatory variables (Table 2).

Table 2. Internal and external factors influencing the production efficiency of the construction industry
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Fully considering the accuracy and availability of data, 30 provinces in China (except Tibet, Hong
Kong, Macao, and Taiwan) were taken as the study objects, and the research period was from
2013 to 2021. The original data of each index came from China Statistical Yearbook, China
Statistical Yearbook on Construction Industry, China Statistical Yearbook on Science and Tech-
nology, statistical yearbooks of various provinces, and the official website of the National Bu-
reau of Statistics. Some missing data were completed by the mean method or extension method
according to the actual situation.

4. Research Results

4.1. Descriptive Statistics
It could be seen from the descriptive analysis results (Table 3) that the input and output index
data in each province of China’s construction industry fluctuated a lot, fully reflecting the re-
gional unbalance in the development of China’s construction industry.

4.2. Efficiency Analysis
Using DEA-Solver Pro.5.0 software, the productivity values of the construction industry in 30
provinces of China during 2013-2021 were calculated from a static point of view (Table 4).

It could be found that the average production efficiency of China’s construction industry was
the highest in the eastern region, followed by the western region and the central region (Table
4). The average change trend of construction efficiency in the eastern region was basically
similar to that throughout China, but the fluctuation range was small, indicating that the
regional production efficiency of the construction industry in China was relatively high, and the
existing resources could be used relatively effectively to engage in the construction industry
production. In addition, the extensive development model that only focused on scale while
neglecting efficiency was initially implemented. The production efficiency in the western region
also showed a U-shaped variation trend, which was quite different from that in the whole
China. This phenomenon was ascribed to the high level of economic extroversion in the eastern
and central regions of China, the low level of extroversion in the western region, the lack of
sensitivity to changes in the external economic situation, and the lagging impact of the finan-
cial crisis on the western region. The average change trend of construction efficiency in the
central region was basically the same as that in China, which might be attributed to the large
scale of the construction industry in the central region and abundant input resources, but the
original land, funds, and personnel cannot be well utilized in the extensive development model,
resulting in low efficiency. There was a significant difference in production efficiency among

Table 3. Descriptive analysis of input and output index of China’s construction industry
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Table 4. Productivity values of China’s construction industry
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provinces in China’s construction industry. This is because the development of the construc-
tion industry in different provinces and cities is uneven, and the gap of development speed is
widening, which leads to the overall low pure technical efficiency and high scale efficiency in
most regions. This manifests that the construction industry in most provinces and cities is still
based on traditional manual work, and it is developing towards industrial production of buildings
using high technologies, but the industrial production speed of buildings remains very slow. It
is very necessary to accelerate the pace of building industrialization, so as to truly achieve low-
energy and high-efficiency development. Meanwhile, because most provinces and cities are in
the stage of an increasing scale, a small production scale is the main factor that hinders the
development of the construction industry in most provinces and cities. The underlying reason
is that the technical efficiency of the construction industry in most provinces and cities has not
changed much, not to mention to transform extensive management to refined management.

4.3. Tobit results

It could be known that the p value in the likelihood-ratio test of the Tobit regression model was
smaller than 0.05, thus rejecting the original assumption, i.e., the explanatory variables intro-
duced into the model were effective and the model process was meaningful (Table 5).

Table 6. Results of Tobit regression

Table 5. Likelihood-ratio test of Tobit regression model
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The followings could be acquired (Table 6):

(1) The regression coefficient of the unit number of construction enterprises was -0.186, and
it was significant at the level of 0.01 (z=-8.272, p=0.000<0.01), meaning that the unit number of
construction enterprises has a significant negative impact on the production efficiency of the
construction industry. The main reason is that the scale of enterprises has an obvious nega-
tive impact on the production efficiency of the construction industry, that is, the larger the
scale of enterprises, the more unfavorable it is to the improvement of the production efficiency
of the construction industry. This may be because the long-term extensive scale expansion of
the construction industry has produced a marginal diminishing effect, which leads to the
decline of the production efficiency of the construction industry. Therefore, the development of
construction enterprises should not simply pursue the expansion scale, but should combine
the current development situation to promote the efficient transformation of construction
resources and scientific and technological innovation.

(2) The regression coefficient of per capita capital was -0.023, and it was significant at the
level of 0.10 (z=-1.673, p=0.094<0.10), reflecting an influencing relation between per capita capital
and the production efficiency of the construction industry. The per capita capital had a nega-
tive impact on the production efficiency of the construction industry, and such an influence
was statistically significant, manifesting that the resource allocation efficiency of Chinese
construction enterprises is not high and the degree of automation and mechanization of the
construction industry remains to be further improved.

(3) The regression coefficient value of labor productivity of construction enterprises was 0.026,
but it was not significant (z=0.649, p=0.516>0.05), meaning that there is no influencing relation-
ship between labor productivity of construction enterprises and construction production effi-
ciency. The technical equipment rate of enterprises had no significant influence on the produc-
tion efficiency of the construction industry, so it could not be used to explain the problems
existing in reality, which might be mainly attributed to the large base of employees in the
construction industry, but the overall quality was low, mainly manifested in: the low overall
cultural level, fewer professional and technical personnel, and not strong comprehensive abil-
ity of managers, which will also lead to low production efficiency in the construction industry.

(4) The regression coefficient value of the industrial structure was 0.174, and it was signifi-
cant at the level of 0.01 (z = 8.638, p = 0.000<0.01), manifesting that the industrial structure can
significantly positively affect the production efficiency of the construction industry. It fully
shows that China promotes the continuous improvement of the technical level and technical
efficiency through the deepening reform of the machinery management system of construc-
tion enterprises and the continuous promotion of key core machinery technology research.
And the proportion of construction industry in GDP is gradually increasing, which is more
conducive to increasing the investment of construction enterprises in machinery technology
and can reversely promote the improvement of the management level of construction enter-
prises and the rational allocation of resources.

(5) The regression coefficient of the proportion of state-owned capital was -0.054, and it was
significant at the level of 0.01 (z=-4.667, p=0.000<0.01), meaning that there is a significant nega-
tive influence between the proportion of state-owned capital and the production efficiency of
the construction industry. The increase in the proportion of state-owned capital will reduce the
production efficiency of the construction industry, mainly because the management mecha-
nism and property rights of state-owned enterprises have lowered the economic benefits and
production efficiency of construction enterprises; on the contrary, non-state-owned enter-
prises with a higher degree of marketization have more advantages in technology optimization
and benefit improvement.

(6) The regression coefficient of GDP was 0.142, and it was significant at the level of 0.01
(z=6.714, p=0.000<0.01), reflecting that GDP can significantly positively affect the produc-
tion efficiency of the construction industry. The regions with good economic development and
developed construction industry can fuse and utilize local outstanding technologies
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and advanced management experience faster to realize the efficiency resource allocation, so as
to improve the production benefits of the construction industry.

5. Conclusions

Compared with other industries, the construction noise, construction dust, air pollution, and
solid waste pollution generated in the production process of the construction industry usually
occur in densely populated urban areas, which is more harmful to human body. Obviously, the
rapid development of the construction industry has caused great adverse effects on the eco-
logical environment. The long-term extensive development of the construction industry is an
important starting point to accelerate the economic transformation of China. Considering the
problems of “high input, high energy consumption, and high emission” faced by the construc-
tion industry at present, it is particularly important to realize the sustainable development of
the construction industry in harmony with economic growth, resource conservation, and envi-
ronmental protection. In this study, the DEA-Malmquist index method was used to measure
the production efficiency of the construction industry in China, and the Tobit regression model
was adopted to further analyze the influencing factors of construction efficiency in China. The
results show that the average production efficiency of China’s construction industry is the
highest in the east, followed by that in the west and the middle, and the regional imbalance of
production efficiency in China’s construction industry is obvious. The number of construction
enterprises, per capita capital, industrial structure, the proportion of state-owned capital, and
GDP are significant at the levels of 1%, 10%, 1%, 1%, and 1%, respectively. It is suggested
that in the future, further research can be carried out on perfecting the ecological efficiency
evaluation index system of the construction industry and selecting influencing factors from
more angles in an all-round way.
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