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Abstract: China is currently in a stage of high-quality economic development, but the high energy
consumption and high pollution production methods of the construction industry are no longer
adaptable to the country’s economic development goals in the new era. As one of the important
tools for the government to regulate high-quality advancement, taxation plays a vital role in the
green development of the construction industry. This research uses panel data of 26 provinces in
China from 2008 to 2017 and constructs a multiple intermediary effect model to conduct an empirical
test on the impact of green taxes on the carbon emission efficiency of the construction industry
and its mechanism. The results show that green taxation promotes carbon emission efficiency by
accelerating the promotion of fixed capital investment in this industry, accelerating the flow of
technological elements and technological research and development. This study further verifies that
green taxation and carbon emission efficiency present an inverted U-shape relationship, and that the
path mechanism of green taxation, fixed capital investment and technological progress-improving
carbon emission efficiency of the construction industry has an intermediary effect. On this basis,
suggestions are offered to rationally adjust the corporate tax burden, optimize the industrial structure,
and actively guide the green transformation of the construction industry.

Keywords: green taxation; construction industry; carbon emission efficiency; fixed asset investment;
technological progress; intermediary effect

1. Introduction

With the continuous acceleration of China’s urbanization construction, its construction
industry has maintained rapid development momentum. In 2018, when the GDP growth
rate was 8.85%, the added value of its construction industry was 2114.197 billion yuan,
or an increase of 9.88% compared to the previous year, and it accounted for 26.11% of
GDP, or the same as the previous year. As an important sector in China, the construction
industry is a basic industry that others rely on for development. The construction industry
not only strongly supports the development of the national economy in a healthy and
stable direction, but also has a significant role in absorbing wealthy labor on the road to
urbanization, promoting investment to stimulate domestic demand, enhancing economic
development and stabilizing society.

The construction industry, with its large scope and scale, will be faced with more
difficulties than any other industries. On the one hand, construction products affect na-
tional economic activities, consumer health, national identity, and social identity [1]. On
the other hand, the huge scale and high energy consumption of the construction indus-
try present many shortcomings, such as environmental pollution caused by engineering
projects, depletion of natural resources, greenhouse gas emissions, and man-made global
warming [2]. As far as the industry is concerned, carbon emissions closely relate to energy
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consumption [3]. The building and construction sectors together account for more than
one-third of the world’s final energy consumption. Due to the huge consumption of en-
ergy and raw materials in the construction industry, direct and indirect carbon dioxide
emissions account for nearly 40% of the total. Climate change caused by carbon emissions
from the construction industry has become a serious problem for the global environmental
economy, and the construction industry is facing tremendous pressure to reduce emissions.
At present, China’s construction industry is a pillar for national economic growth and a
major contributor to carbon emissions [4].

The early green economy only focused on protecting the environment, which opened
the prelude to the study of the green economy [5]. With the deepening of economists’
awareness of green development, the development of the green economy has shifted from
the core focus on protecting the ecological environment in the early days to the mutual
reinforcement and promotion of economic growth and environmental protection. Research
on the green economy is no longer limited to environmental governance [6]. Although
different scholars have different focuses and research perspectives on the connotation of
green development, they basically agree with the view that economic green development
can help achieve the coordinated development of industry, economy, and ecology under
resource and environmental constraints, maximizing the overall benefits of the three.

Developing countries and developed countries have different energy-saving potentials
in the construction industry. The greatest potential of developing countries comes from
electricity saving in electrical appliances and lighting, while the greatest potential of
economies in transition and developed countries comes from energy fuel saving [7]. As
far as China is concerned, the carbon emission efficiency of its construction industry is
low and is showing a downward trend year by year. In terms of internal driving factors,
technological progress and energy structure adjustment can improve the carbon emission
efficiency of the construction industry, but the economic scale of the extensive development
model will have a certain negative impact [8].

Going green has nowadays become the theme of global economic development, and
the advancement of the green industry has become an inevitable trend in the economic
development of various countries in the world. In order to reduce greenhouse gas emis-
sions, China passed the Environmental Protection Tax Law in 2016 and promulgated and
implemented it in 2018. By 2030, non-fossil energy is expected to account for 20% of total
energy consumption. As a feasible solution to solve the carbon emission problem caused
by energy in various industries, an environmental tax is gradually attracting the attention
of various countries [9–11]. Based on this, we would like to know whether these relevant
green taxes can reduce the construction industry’s carbon emissions to a minimum while
ensuring normal economic growth, so as to improve the industry’s carbon emission effi-
ciency. Other interesting issues are also worth exploring. Except for low-income countries,
carbon emission taxes have created welfare gains in almost all regions and have an impact
on production and the environment. However, the transmission mechanism of green taxes
on the carbon emission efficiency of the construction industry under China’s green tax
policies is unclear [12]. While environmental taxes reduce carbon emissions, they also
generate considerable tax revenue and affect energy use [13]. When the concentration of
carbon emissions in the air exceeds the critical value of environmental harm, environmental
taxes are imposed on polluting industries. With the increase of environmental taxes, the
concentration of carbon dioxide may decrease [14].

It is therefore imperative to coordinate the relationship between green taxes and
carbon emission efficiency in the construction industry, so as to promote its transforma-
tion from extensive development to high-quality, low-carbon development. Under the
framework of the green development strategy, this research evaluates the efficiency of
carbon emissions from the construction industry in various provinces from the perspective
of the intermediary effect of green taxation and explores the path between the two and
the regional heterogeneity of the green development of the construction industry. The
research significance is mainly reflected in the following three points. First, this study
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selects relevant indicators of green taxation based on the existing literature and constructs
the green taxation evaluation index through the time-series global principal component
analysis method in order to eliminate possible collinearity problems between data and
to reduce model complexity. Second, the academic community’s measurement of carbon
emission efficiency in the construction industry is mainly based on a single efficiency index
and has failed to truly unify green taxation and efficiency for in-depth research. Therefore,
this study constructs green taxation and construction industry carbon emission efficiency
and explores the relationship between efficiency and green taxation, so that the two are
no longer a single one. Third, from a macro-level policy perspective, taxation is one of the
important tools for regulating economic green development, and fixed capital investment
and technological effects are the key factors impacting carbon emissions. This research thus
uses fixed asset investment in the construction industry and inter-provincial technology as
intermediary variables, with a view to an in-depth exploration of the path and mechanism
of how macro-level taxation affects carbon emission efficiency.

2. Literature Review

Based on the existing definitions and research on carbon emission efficiency in
academia, this paper defines total factor carbon emission efficiency as the total factor
carbon emission efficiency in the process of economic and social development, that is,
while reducing factor input and increasing expected output, the scale of carbon emission
is reduced as much as possible [15]. As the international community pays attention to
the coordinated development of the environment and economy, the literature on carbon
emissions in the construction industry has experienced long-term expansion, and scholars
have begun to conduct extensive research on carbon emissions in this industry. Scholars
believe that the development of green industries is to promote sustainable and rapid eco-
nomic growth of the industry, while improving energy and resource efficiency and reducing
carbon emissions and pollutants [16]. Many scholars focus on the development differences
and distribution characteristics of carbon emissions in the construction industry between
countries. Chen [17] and others compare carbon emissions in the world’s two largest carbon
emitters, China and the U.S. construction industry, using structural decomposition analysis,
shows that China’s building carbon emissions are much larger than those of the United
States, and the most obvious is the demand effect and production structure effect. Ayo-
deji [18] and others examine the carbon pollution reduction control and emissions trading
system and its adoption in the construction industry in South Africa, propose a mitigation
of greenhouse gas emissions, and suggest that the construction industry implement it in
advance based on their benefits to achieve sustainable development goals. There is certainly
a complicated relationship between the construction industry and economic growth, labor,
and productivity [19,20]. At present, the research direction of carbon emissions in the
construction industry focuses on their calculation in the industry, their influencing factors
in the industry, and their efficiency in the industry.

There are two main types of research on the influencing factors of carbon emissions:
the study of only a single influencing factor and the study of multiple influencing factors.
The former is often used to compare the effects of the same influencing factor on different
regions or in different years, while the latter often focuses on the comparison of differences
between various influencing factors. Scholars such as Trinks [21] have conducted research
on energy rebound factors in the construction industry, showing that China’s construction
industry has an energy rebound effect, and technological changes can save about half of the
potential energy, thereby reducing industry emissions. Other scholars such as Shi [22] have
used structural analysis methods to divide the development period of the construction
industry into five driving factors, including the carbon factor effect and energy intensity
effect, and found that the final total demand contributed the most to the growth of building
carbon emissions. Sattar et al. [23] conduct a study on the energy use of the construction
industry in Australia. Their evaluation of the potential carbon emissions of the construction
industry shows that Australia should focus on energy use in the life cycle stage of the
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building system and use energy-saving materials instead of traditional materials. Omar [24]
confirmed that different materials have a great impact on carbon emissions by comparing
the differences in the calculation process and results of carbon emissions in the life cycle
of building materials by different methods, and any material-related decision should be
carefully considered.

As the world’s environmental problems continue to deteriorate, economists begin
to realize that the role of the environment is an important issue in decision-making, and
carbon emissions begin to be considered as an undesired output in empirical issues [25].
Regarding the impact of taxation on carbon emissions, the existing research mainly includes
two viewpoints: inhibitory and conditional, and no consistent research conclusion has
been reached yet. The first view holds that taxation has an inhibitory effect on carbon
emissions, and a moderate carbon tax will significantly reduce carbon emissions and fossil
fuel energy consumption [26,27]. The second view holds that the impact of taxation on
carbon emissions is conditional, and a single green tax policy can only partially reduce
carbon emissions and requires the cooperation of other ways [28]. A modest carbon tax
would significantly reduce carbon emissions and fossil fuel energy consumption, and
slightly reduce the rate of economic growth. Imposing a large carbon tax has a significant
negative impact on China’s economic and social welfare, and in addition, imposing a
high carbon tax will cause significant price changes in China [29]. While reducing carbon
emissions can be achieved in different ways, in general, green taxes can facilitate the entry of
clean energy into industrial markets and reduce energy demand through energy efficiency
and other indirect measures [30].

Looking at the existing research results in academia, the research results on green
taxation and carbon emissions show two characteristics: First, DEA has been widely used
as a model for measuring efficiency in different industries in various countries [2,31–33].
However, due to the vast area of China, the large gap in energy and economic structure
between provinces, and the obvious differences in the development of regional carbon
emissions [34], there are relatively few studies on the carbon emission efficiency of the
construction industry at the national and provincial levels. Second, relevant studies mainly
focus on economic growth as a single indicator, measuring the relationship between carbon
emissions from the construction industry and the economy and considering the impact of
the construction industry on the environment from the perspective of carbon emissions.
There is a lack of analysis of the impact of environmental regulations and policies on the
results. Increased economic activity does not always ensure environmental protection. In
addition to growth itself, the path of growth is also important [33]. Based on this, this study
uses the SBM-DEA model and the intermediary effect model to verify the impact of green
taxes on the carbon emission efficiency of the construction industry and analyzes the path
of green taxes on the carbon emission efficiency of the construction industry.

3. Theoretical Analysis and Research Hypothesis

Environmental regulation policies represented by green taxation have always been
controversial in terms of their effects. Taking Sinn [35] as the representative put forward the
“green paradox”, they believe that the imperfect environmental regulatory policy measures
to limit climate change are ineffective in reducing the demand for fossil energy, due to
the incorrect setting of carbon tax and other reasons, they only depressed energy prices.
In buildings, there are long-term and short-term elasticities between households’ energy
prices. The reduction of energy prices promotes housing investment [36], which accelerates
carbon emissions in the atmosphere. This leads to environmental degradation [35,37,38].
The government has promoted the “reverse emission reduction” effect through two envi-
ronmental regulatory measures. First, through green taxation, pollution control subsidies
and other incentive-based environmental regulatory policies, and through an increase
in the cost of energy use in the construction industry, it promotes scientific research and
development and the adoption of new environmental protection technologies, but this only
reduces carbon emissions. Second, through compulsory environmental regulations such as
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the rectification of high energy-consuming projects, the construction industry is forced to
reduce its current scale or enterprises must use new energy sources to reduce energy con-
sumption intensity to a certain extent to help reduce the China’s carbon emissions [39,40].
Based on this, this research proposes the Hypothesis 1.

Hypothesis 1. Since the negative effect of the “green paradox” is weaker than the “reverse emission
reduction” effect caused by the government’s environmental regulation policy of green taxation;
green taxation has a direct positive effect on carbon emission efficiency.

In the existing research, environmental regulatory policies can be divided into com-
mand control environmental regulation policy and market incentive environmental regula-
tion policy. Between them, green taxation is a market incentive environmental regulation
policy. Generally speaking, the purpose of green taxation is to protect the environment and
reduce carbon emissions in the air. Green taxation on carbon emission efficiency is expected
to have a positive emission reduction effect. Specifically, the government levies green taxes
and other environmental taxes on the producers and users of fossil energy, increasing their
production costs and reducing energy demand, thereby helping to reduce carbon emissions.
Environmental regulation not only has a direct effect on the action of carbon, may also have
effect on carbon as a fixed assets path [41]. In terms of the path of green taxation—fixed
assets—carbon emissions, stringent environmental regulations have made high-energy-
consumption and high-polluting construction industries bear high tax compliance costs. In
order to avoid this cost, companies are known for their pollution-intensive construction.
The industry will shift investment to areas with relatively loose environmental regulations,
and strict green tax policies will effectively curb the unreasonable expansion of the scale
of the pollution-intensive construction industry. The tertiary industry, which emits fewer
pollutants, is less impacted and promotes the development of fixed asset investment in the
direction of a clean industry. Carbon emissions will also be significantly reduced, thereby
improving carbon emission efficiency. Based on this, this study proposes the Hypothesis 2.

Hypothesis 2. The relationship between green taxes and carbon emission efficiency is an inverted
U-shape curve (Figure 1).

Figure 1. The relationship between green taxes and carbon emission efficiency.

The neoclassical investment theory believes that tax and investment analysis can be
simply summarized as follows: a tax policy affects the cost of capital, and the cost of capital
determines the optimal capital stock for balanced investment, which finally determines the
actual investment of the enterprise. A series of transmission mechanisms have established
a link between tax policy and investment. Green taxation with the pros and cons of fixed
asset adjustment can effectively reduce carbon emissions.

Due to China’s unique government governance model, the effects of environmental
regulatory policies on carbon emissions may also be affected by the “races” of local gov-
ernments. For a low-level economic area, local governments pay more attention to GDP
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growth, which may partially implement the central government’s environmental tax poli-
cies, by easing the tax to attract more policy fixed assets and other inputs, in order to purse
short-term higher economic. As a result, the green tax policy formulated by the central
government cannot really effectively restrain the growth of carbon emissions in various
places, and carbon emission efficiency is ultimately in a low state. With the improvement
of regional economic development and people’s living standards, residents demand a
better quality of life, forcing local governments to pay more attention to regional air quality
improvement. While the China government and relevant departments clean industries,
provide greater tax incentives, and raise higher public awareness of environmental protec-
tion, the government is developing and implementing environmental laws and regulations
to take active measures to change into environmental management [42]. The government
began to change the goal of competition from simply pursuing economic growth to stable
economic growth, while pursuing the improvement of public satisfaction. To enhance the
level of environmental regulation, those highly polluting fixed assets will incur high taxes
in order to force them to shut down, which will help achieve carbon reduction targets.
Based on this, our study proposes the Hypothesis 3.

Hypothesis 3. The path 1 through which green tax affects carbon emissions is: Green tax→ Fixed
asset investment→ Carbon emission.

According to the theory of public goods, the public has a non-exclusive product in
consumer resistance—that is, every member of society can benefit from public goods in
the interests of the individual having a market incentive to maximize the existence of the
“free rider” phenomenon. To a certain extent, technological progress has the characteristic
of strong public products. Since technological research and development is an economic
activity with high investment costs, once a new product is put on the market, other
companies will quickly copy it. This will undoubtedly have a negative impact on companies
with active technology R&D activities.

Environmental taxation may exhibit the Porter hypothesis for technological innovation—
that is, appropriate environmental taxation will stimulate technological innovation, or
there may be a following cost effect. Therefore, government intervention is needed to
implement tax policies to encourage enterprises to carry out innovative activities. The
well-known economist Keynes put forward the policy theory that economic operation
requires government intervention in his book “General Theory of Employment, Currency
and Interest”, emphasizing the stimulating effect of fiscal policy on the economy, and
pointed out that taxation and fiscal expenditure are the main means of government fiscal
policy. As one of the main sources of fiscal revenue, taxation can provide the necessary
source of funds for the government’s various fiscal expenditures and at the same time
can provide indirect financial support for enterprise technological progress activities. Its
adjustment function is mainly to influence and guide the technological progress activities
of enterprises by formulating relevant preferential tax policies. Based on this, our study
proposes the Hypothesis 4.

Hypothesis 4. The path 2 for green taxation to affect carbon emissions is: Green taxation →
Technical progress→ Carbon emission.

4. Model with Variable Data
4.1. DEA-SBM Model

The SBM model (Slack Based Measure, SBM) is used to estimate the carbon emission
efficiency of the construction industry. Assuming that the country under study has much
land, the land is divided into different decision-making units (DMUi, i = 1, 2 . . . k). These
DMUs represent each province in China. Each DMU has the same input and output
indicators—that is, there are m input elements and n outputs (n1 is the expected output, n2
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is the undesired output). The input index value of the i-th DMUi is xi, while the expected
output index value yg and the undesired output index value yb are respectively:

xi = (x1i, x2i, . . . , xmi) ∈ Rm×k

yg
i = (yg

1i, yg
2i, . . . , yg

n1i) ∈ Rn1×k

yb
i = (yb

1i, yb
2i, . . . , yb

n2i) ∈ Rn2×k
(1)

According to the construction idea of the SBM model containing undesired output,
the production technology set T of the DMU is:

T =
{

x, yg, yb
∣∣∣xi ≥ Xλ, yg

i ≥ Ygλ, yb
i ≥ Ybλ, λ > 0, x produce yg&yb

}
Here, λ is the weight of the non-negative multiplier for the production technology

concentration construction of linear programming.
The traditional DEA model (Data Envelopment Analysis, DEA) uses radial measure-

ment and ignores slack variables. When there are slack variables, the phase efficiency
may be overestimated. Based on this, Tone [43] proposes a non-radial and non-angle SBM
model, which directly considers the slack variables of input and output in the DMU. It
can avoid the shortcomings of the traditional DEA model in terms of input and output
and the same ratio improvement. When the SBM model deals with undesired output
problems such as environmental pollution, it can calculate the efficiency of the DMU and
also point out the direction of improvement of non-effective input. Based on Tone’s method,
when considering bad output variables, the non-directional SBM model can be specified
as follows:

ρ = min
1− 1

M

M
∑

m=1

s−m
xm0

1+ 1
N1+N2

(
N1
∑

n1=1

sg
n1

yg
n10

+
N2
∑

n2=1

sb
n2

yb
n20

)

s.t.



k
∑

i=1
xiλi + s− = x0

k
∑

i=1
yg

i λi − sg = yg
0

k
∑

i=1
yg

i λi + sb = yb
0

λi ≥ 0, s− ≥ 0, sg ≥ 0, sb ≥ 0

(2)

We note that s−, sg, and sb denote input factors, expected output, and undesirable
output slack variable, and [rho] is the objective function—namely, efficiency values that we
ask about s−, sg, and sb are strictly decreasing. Here, 0 ≤ ρ ≤ 1, as when ρ = 1, the DMU
is efficient, meaning the slack variable is 0 (s− = 0, sg = 0, sb = 0) at the forefront of the
production line, when ρ ≤ 1, there is room for efficiency improvement in the DMU. The
efficiency measurement of model (2) includes economic and carbon emission factors, and so
we can define it as including the construction industry’s carbon emission efficiency value.

4.2. Time Series Global Principal Component Analysis Method

Based on the existing literature on the evaluation and research on the level of green
development and combined with the characteristics of green taxation and the availability of
data, this paper selects resource tax (X1), urban maintenance and construction tax (X2), real
estate tax (X3), urban land use tax (X4) and land value-added tax (X5). These 5 indicators
represent the green taxation of the construction industry, and through the time-series global
principal component analysis, the impact weight of the green taxation of each province is
measured from a dynamic perspective. The specific calculation steps are as follows.
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Before performing principal component analysis, we perform dimensionless process-
ing on the data to obtain a standardized vector to avoid heteroscedasticity in the data. The
standardization process is as follows:

x′ij =
xij − µ

δ
(3)

Xij is the original index normalized value; Xij is original index; µ is for the first j mean
of indicators; and δ is for the first j indices the standard deviation.

We are now establishing a time series global data table. Suppose there are K selected
indicators, denoted as X1, X2, X3 . . . , Xk. If there are n provinces, then the data table for
year t can be expressed as Xt = (Xij)n×k, where 0 < t ≤ T, and T represents the number of
years of study. Arrange the T data sheets by year to form a three-dimensional time series
table of n, t, and k, which can be marked as

X =
(

X1, X2, X3 . . . Xt)
−1
n×t×k. (4)

For data validity check, after data standardization, a validity test is required to confirm
whether the data can be analyzed by principal components. KMO value comprehensively
measures the information overlap between analysis items, that is, the correlation between
analysis items. Too low of a correlation coefficient between analysis items will lead to low
KMO value. When KMO ≥ 0.6, the data are suitable for principal component analysis. We
then perform Bartlett’s sphere test to show that there is a correlation between the indicators,
and principal component analysis can be performed on the data.

We now confirm the initial eigenvalue variance percentage. By establishing the factor
load matrix, we input the standardized decision matrix to calculate the load matrix aij and
obtain the factor load Pij of each index. We finally do the percentage processing to get wj:

ωj =
Pj

m
∑

j=1
Pj

(5)

Through the calculated weights, the various indicators are weighted and processed to
finally obtain the green tax index:

LGT = x1ω1 + x2ω2 + . . . + xkωk (6)

4.3. Mediating Effect Model

To verify the existence of the mediating effect, the following three conditions must
be met: Condition A: Before the mediating variable is not included, the core explanatory
variable has a significant impact on the explained variable. Condition B: In order to include
the explained variable, the core variable has a significant effect on the mediator variable.
Condition C: Among the three mediator variables, the mediator variable has a significant
impact on the explained variable, but the influence of the core explanatory variable on
the explained variable is reduced. This study uses China’s provincial panel data from
2008 to 2017. For the analysis method and process of the intermediary effect, carbon
emission efficiency is selected as the explanatory variable, and the green tax index is the
core explanatory variable to verify the direct impact of green tax on the carbon emissions
of the construction industry. The regression model runs as follows:

LCEit = β0 + β1LGTit + β2(LGTit)
2 + β3LURit + β4LTIHit + β5FDit + εit (7)

In Formula (7), LCE is the carbon emission efficiency of the construction industry
calculated in (2), and LGT stands for green taxation. This study uses principal component
analysis to calculate the green taxation index. LUR, LTIH, and FD are control variables,
representing urbanization rate, total residential investment, and financial development
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level, respectively. εit is a random disturbance item. It represents the total effect of a
green tax on the carbon emission efficiency of the construction industry. When β1 is
significant and positive, Hypothesis 1 is validated, and when β2 is significant and negative,
Hypothesis 3 is validated.

The theoretical analysis of this research believes that green taxation can directly
affect carbon emission efficiency and also indirectly conduct carbon emission efficiency
through fixed asset investment and technological level. Therefore, this study sets fixed
asset investment and technological level as intermediary variables and includes them in
Formula (8) to verify whether the mediating effect exists. Therefore, this study builds
model (8) to verify the existence of the B condition of the mediation effect. The specific
model is constructed as follows:

Mit = γ0 + γ1LGTit + γ2(LGTit)
2 + γ3LURit + γ4LTIHit + γ5FDit + σit (8)

In Formula (8), M is the intermediary variable, which means fixed asset investment
and technical level. If the γ1 coefficient is significant, then the core explanatory variable
has a significant impact on the intermediary variable, and Hypothesis 2 holds. On the basis
of the verification of condition 1 and condition 2 that the mediation effect holds, model (8)
is further constructed to verify the existence of the mediation effect C condition:

LCEit = λ0 + λ1LGTit + λ2(LGTit)
2 + λ3Mit + λ4LURit + λ5LTIHit + λ6FDit + µit (9)

If the coefficient λ1 drops significantly, but the coefficient λ3 passes the significance
test, then the mediation effect is satisfied.

In summary, the impact of green taxation on the carbon emission efficiency of the
construction industry is mainly through the following paths, as shown in Figure 2.

Figure 2. The mechanism of the impact of green taxation on the carbon emission efficiency of the
construction industry.

4.4. Explained Variables

In the theoretical analysis of this article, it is believed that green taxation can directly
affect carbon emission efficiency and also indirectly conduct carbon emission efficiency
through fixed asset investment and technological level. Therefore, this study sets fixed
asset investment and technological level as intermediary variables.

For carbon emission efficiency of the construction industry, when most scholars ana-
lyze the industry’s carbon emission efficiency [44], the input indicators are generally energy
consumption, labor input, and fixed asset investment as input indicators, while output
indicators are profit or total output as the main variables. Based on the comprehensive
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consideration of the characteristics of green development of the construction industry, this
study draws lessons from the evaluation of the green development efficiency of the existing
construction industry, selects the following indicators, and uses the statistical software
DEAsolver 13.0 to measure carbon emission efficiency of the construction industry.

From the existing literature, the input indicators are mainly selected from three aspects:
labor, technology, and capital. To comprehensively reflect the actual production input of the
construction industry, this study takes the number of construction industry employees, steel,
cement, wood, aluminum, and energy terminal consumption, and technical equipment
rate as input indicators. The use of building materials such as cement, steel, and glass
are the main source of carbon dioxide emissions in the construction industry. The final
energy consumption data come from the China Energy Statistical Yearbook, and the other
construction industry data come from the China Construction Statistical Yearbook.

The traditional DEA model cannot distinguish the limitations of efficient DMUs, while
the non-radial (slack based measure, SBM) efficiency model can deal with undesired output.
The SBM model has significant advantages. Therefore, this study selects the annual output
value of the construction industry as the expected output and the carbon dioxide emissions
as the undesired output. The specific index selection is shown in Table 1, and Table 2 is the
specific efficiency calculation results:

Table 1. Carbon emission efficiency indicators of the construction industry.

First-Level
Indicator Second-Level Indicator Third-Level Indicator

Input Labor input Number of employees in the construction industry
Production level Steel, cement, wood, aluminum, and final energy consumption

Technology investment Technical equipment rate

Output Expected output Total annual output value of the
construction industry

Undesired output Annual carbon dioxide emissions

Table 2. China’s construction industry carbon emission efficiency values in various provinces.

Year/Area 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Beijing 0.392 0.468 0.550 0.490 0.598 0.508 0.550 0.509 0.520 0.463
Tianjin 0.372 0.451 0.507 0.485 0.509 0.533 1.000 1.000 0.562 1.000
Hebei 0.125 0.127 0.122 0.131 0.139 0.177 0.179 1.033 0.160 0.175
Inner

Mongolia 0.378 0.461 0.503 0.592 0.589 0.615 0.586 0.530 0.454 0.519

Liaoning 0.199 0.168 0.061 0.067 0.070 0.069 0.078 0.093 0.157 0.161
Jilin 0.365 0.411 0.382 0.288 0.335 0.376 0.672 0.775 0.753 0.786

Heilongjiang 0.447 0.468 0.506 0.302 0.365 0.437 0.548 0.656 0.667 0.737
Shanghai 0.756 0.773 0.832 1.000 0.817 0.845 1.000 1.000 1.000 1.000
Jiangsu 0.295 0.309 0.328 0.865 0.685 0.443 0.544 0.543 0.577 0.669
Anhui 0.165 0.156 0.167 0.181 0.184 0.190 0.226 0.248 0.262 0.294
Fujian 0.102 0.115 0.112 0.102 0.118 0.127 0.140 0.134 0.161 0.194
Jiangxi 0.469 0.484 0.483 0.442 0.414 0.418 0.653 0.414 0.365 0.383

Shandong 0.124 0.140 0.161 0.166 0.273 0.190 0.209 0.234 0.204 0.215
Henan 0.172 0.243 0.266 0.236 0.281 0.271 0.447 0.232 0.235 0.273
Hubei 0.293 0.392 0.221 0.226 0.239 0.317 0.859 0.287 0.342 0.296
Hunan 0.291 0.287 0.294 0.272 0.272 0.295 0.300 0.307 0.292 0.273
Shanxi 0.254 0.364 0.180 0.196 0.197 0.161 0.176 0.098 0.139 0.147

Guangdong 0.321 0.431 0.470 0.580 0.435 0.631 0.722 0.830 0.889 0.820
Guangxi 0.286 0.283 0.244 0.285 0.314 0.193 0.166 0.166 0.016 0.014
Hainan 0.192 0.172 0.191 0.191 0.197 0.231 0.252 0.274 0.313 0.347
Sichuan 0.337 0.346 0.355 0.403 0.459 0.606 0.640 0.628 0.726 0.796
Guizhou 0.320 0.382 0.282 0.315 0.275 0.440 0.406 0.277 0.473 0.277
Yunnan 0.110 0.035 0.050 0.017 0.016 0.029 0.036 0.008 0.006 0.008
Shaanxi 0.098 0.084 0.073 0.088 0.083 0.093 0.099 0.076 0.079 0.071
Gansu 0.043 0.086 0.084 0.088 0.043 0.055 0.057 0.053 0.068 0.068

Qinghai 1.000 0.552 0.467 0.444 0.446 0.498 0.422 0.646 0.382 0.489
Mean 0.310 0.313 0.308 0.330 0.326 0.343 0.431 0.438 0.386 0.405

Standard
deviation 0.210 0.180 0.195 0.243 0.208 0.213 0.290 0.314 0.272 0.294
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4.5. Explanatory Variables

Most research on green taxation in China focuses on theoretical analysis, as well as
the theoretical design and current analysis of the construction of the green taxation system.
Real taxation data are rarely used to study the system construction model, but this study
conducts theoretical analysis. On the basis of this, a macro-level tax that includes both
micro-level taxation and the influencing factors of taxation on output is constructed. As the
basis for the construction of a green tax system, this study selects resource tax (X1), urban
maintenance and construction tax (X2), real estate tax (X3), urban land use tax (X4), and
land value-added tax (X5) as green tax indicators, and a factor analysis model is used for
the green tax system under the model. A weight assignment is performed, and missing
values are compensated by linear interpolation. This study uses SPSS analysis to find that
the original data pass the KMO and Bartlett tests, indicating that the data are suitable for
principal component analysis, and the data are all from the regional economic sector of the
CSMAR database. The specific indicators of explanatory variables are shown in Table 3:

Table 3. Green Tax Index System.

First-Level Indicator Second-Level Indicator Third-Level Indicator

Green tax Micro-level green tax Real estate tax, land value-added tax, urban land use tax
- Macro-level green Tax Resource tax, urban construction and maintenance tax

4.6. Mediation Variables

The construction industry is an industry that is seeing increased carbon emissions, and
fixed asset investment plays an important role in its development. Therefore, it is essential
to study the impact of fixed asset investment on carbon emission efficiency. At the same
time, neoclassical theory and Tobin’s q theory believe that the adjustment of tax policy
will have a direct impact on the investment decision of enterprises. In particular, highly
targeted tax policies such as green taxation will guide local enterprises to invest more fixed
capital into green transformation and upgrading projects. Therefore, this study takes fixed
assets as an intermediary variable.

The government uses taxation to promote the development of the green economy and
circular economy by actively accelerating technological progress by market entities such as
enterprises. Technological factors are considered to have active energy to reduce carbon
emissions. For example, Sun et al. [45] construct a total factor productivity index subject
to carbon intensity constraints and after decomposing it believe that “technical progress
is the promotion of all factors under carbon intensity constraints and the main factor of
productivity increase.” Accordingly, this study takes the technological development level
of each province as an intermediate variable in the model, in order to further deepen the
path analysis of green taxation on carbon emission efficiency of the construction industry.

4.7. Control Variables

In order to achieve unbiased estimation results, other variables that affect the car-
bon emission efficiency of the construction industry need to be controlled in the model.
This study draws on the research of Shi [46] on the impact of optimal policies on envi-
ronmental quality and combined with data availability selects the following indicators as
control variables.

China’s economy is developing rapidly, and the urbanization rate is rising year by
year. The influx of a large number of people into cities has caused huge housing demand.
The increase in per capita living area and the development of new rural construction and
industrial construction are all driving forces for the development of the construction industry.

With China’s rapid urbanization, total residential investment can measure the devel-
opment of the urban construction industry.

Compared with ordinary commodities, construction products have a longer service
life, a large amount of value storage, and stable value preservation, which will attract more
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capital injections. Therefore, this study takes the loan ratio of each province as a substitute
variable for the level of financial development.

Table 4 shows the variables involved in the model and their definitions, Table 5 shows
the descriptive statistics of each control variable:

Table 4. Model variables and definitions.

Variable Name Variable and Symbol Variable Description

Explained variable Construction industry carbon emission efficiency (LCE) The DEA model calculates the
carbon emission efficiency value

Explanatory variable Green tax index (LGT) Principal component analysis
obtains the green tax index

Mediating variable Fixed asset investment (LFAI) Fixed asset investment
- Technical level (TECH) Number of patents granted by a province

Control variable Urbanization rate (LUR) Urban population/total population

- Total residential investment (LTIH) Total real estate and real estate
investment

- Financial development level (FD) Inter-provincial loan ratio

Table 5. Descriptive statistics of variables.

Variable Symbol Mean Standard Deviation Minimum Max

Carbon emission
efficiency of the

construction industry
LCE 0.353 0.245 0.006 1.033

Green tax index LGT 468,877.300 362,661.700 24,472.8 1,910,396
Fixed asset
investment LFAI 14,113.890 10,809.100 583.241 55,202.720

Technology level TECH 34,456.220 52,070.300 228.000 332,652.000
Urbanization rate LUR 54.814 13.847 29.110 89.600
Total residential

Investment LTIH 1950.474 1495.651 55.500 8232.500

Financial
development level FD 0.721 0.111 0.455 1.087

5. Empirical Results and Analysis
5.1. Research on the Intermediary Path of Green Taxation to Carbon Emission Efficiency

In order to deal with potential model endogenous problems, this study lags all the
determinants of carbon emissions by one period and uses a fixed effects model to regress
Formula (6). First, it examines the direct impact of green taxes on carbon emissions from
the construction industry. The regression results are shown in Table 6, where the regression
model (1) represents the direct impact of green taxes on the carbon emission efficiency of
the construction industry; regression model (2) represents the impact of green taxes on the
fixed capital investment of each province, regression model (3) is the effect of taxation on
technology level, regression model (4) represents the mechanism of green taxation—fixed
capital investment—carbon emission efficiency, and regression model (5) represents the
mechanism of green taxation—technical level—carbon emission efficiency.

It can be seen from the regression model (1) that the regression coefficients of the
primary and secondary terms of green taxation are 0.3494 and −0.1012, respectively, and
have passed the significance test, indicating the green tax has a direct effect path on the
carbon emission efficiency of the construction industry. It also has an inverted U-shape
impact on the carbon emission efficiency of the construction industry. Hypotheses 1 and 2
are thus supported. At present, green taxes can effectively improve the carbon emission
efficiency of the construction industry, and the advancement of urbanization can also
promote the increase of inter-provincial fixed asset investment. In recent years, the central
government’s emphasis on improving the ability of financial services to the real economy,
especially the establishment of a financial service system supported by the concept of
green development, has promoted the improvement of carbon emission efficiency to a
certain extent. Thus, the relationship between residential investment and carbon emission
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efficiency is also positive. Conversely, consumers in the construction industry are not
sensitive to fossil energy prices, and the green paradox effect of increasing carbon emissions
is weak in China, which is in line with expectations.

Table 6. Regression results of the impact of green taxes on the carbon emission efficiency of the
construction industry.

Variable LCE Model 1 LFAI Model 2 TECH Model 3 LCE Model 4 LCE Model 5

LGT 0.3494 ***
(2.85)

−0.0744 *
(−1.43)

0.1954 ***
(2.65)

0.3127 ***
(2.32)

0.2786 ***
(2.20)

(LGT)2 −0.1012 **
(−2.33)

0.0276 **
(1.87)

0.0126
(0.60)

−0.1275 ***
(−2.49)

−0.1041 ***
(−2.42)

LFAI - - - 0.3593 **
(1.81) −

TECH - - - - 0.2644 ***
(2.06)

LUR −0.7348 ***
(−2.66)

1.1558 ***
(10.76)

−0.2492
(−1.65)

−1.1669 **
(−2.44)

−0.6742 ***
(−2.45)

LTIH 0.2909 ***
(2.67)

0.6435 ***
(15.03)

0.5495 ***
(9.10)

0.1620
(1.32)

0.1623
(1.30)

FD 0.1727 ***
(2.04)

−0.0909 ***
(−3.08)

−0.0541
(−1.30)

0.2074 ***
(2.09)

0.1823 ***
(2.16)

Sobel test - - - 0.1243 ** 0.0392 **
F value 6.26 384.11 63.70 5.36 7.03

R2 0.4336 0.8935 0.5817 0.5374 0.3727

Notes: ***, **, and * are significance levels of 1%, 5%, and 10%, respectively. t-values are in parentheses.

Models (2) and (3) respectively verify the impact of green taxes on intermediary
variables. The regression coefficients of the primary and secondary terms of a green tax
in model (2) are −0.0744 and 0.0276, respectively, and both pass the 5% significance test.
Compared with model (1), the opposite effect is produced—that is, a green tax and fixed
asset investment have a U-shape relationship. The reason is that green taxes have increased
the cost of enterprises using fossil energy to a certain extent, forcing them to transform into
clean energy. China is still in a situation of a shortage of energy resources. “Rich coal, poor
oil, and low gas” will keep China energy consumption for a long time. The state of energy
consumption makes companies reduce their investment in fixed assets due to costs on the
one hand. On the other hand, companies lack funds in the short term and cannot carry out
green transformation in the short term. Therefore, green taxes have a negative effect on
fixed asset investment.

From the regression result of model (3), we find that green taxation positively pro-
motes technological progress, while the level of financial development has a restraining
effect on technological progress. With China’s strict environmental regulations, the govern-
ment is considering performance appraisal, and companies are considering environmental
governance costs. Companies will look to accelerate their technological advancement to
make exhaust gas, wastewater, and waste residues meet the standards. There is the Porter
hypothesis effect for promoting the innovation of corporate carbon emission efficiency
technologies. However, due to the current strict real estate regulation and control policies in
China, technological innovation undoubtedly squeezes out loans to a certain extent under
the limited financial development level, thus making the current financial development
level insufficient to support enterprises’ technological innovation.

The regression coefficient of fixed capital investment in model (4) is 0.2635, and it
passes the 10% significance test, indicating that the green tax has a mediating effect on the
carbon emission efficiency of the construction industry, thus supporting Hypothesis 3. The
regression results of model (5) show that technology factors have a promoting effect on
carbon emission efficiency. The regression coefficient of technological progress is 0.3675,
which passes the 1% significance test. Based on this, Hypothesis 4 is supported.
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Compared with model (1), after adding fixed capital investment and technological
progress level variables, the absolute value of the estimated coefficient of green tax, which
is the core explanatory variable, has decreased. This shows that the above two variables
have an intermediary role. In addition, to ensure the validity of the mediation effect
estimation results, this paper conducts the Sobel test. The Z statistics of the two mediation
channels are 1.98 and 2.09, respectively, and both are significant at the 5% level. The
Sobel test results show that the mediating effects of the two account for 0.273 and 0.268,
respectively, further indicating that fixed capital investment and technological progress
do play a mediating role in the process of a green tax influencing the carbon emission
efficiency of the construction industry.

5.2. Robustness Test

The above empirical analysis uses green tax as the core explanatory variable to reflect
the impact on the carbon emission efficiency of the inter-provincial construction industry.
It is based on the government’s macro-level policy to examine the impact mechanism
of carbon emission efficiency. It does not examine the carbon emission efficiency of the
construction industry in each province from the enterprise level. As an important factor
affecting fixed capital investment and technology research and development, equity con-
centration is a good substitute variable for robustness testing. In this regard, this study
selects 26 companies with a market value of more than 4 billion yuan in the A-share market
and excludes *ST and ST companies. By collecting and arranging the equity concentration
data of these 26 enterprises in various provinces, a regression model of equity concentration
(SHARE) on fixed capital investment and technical level is constructed, so as to indirectly
reflect the carbon emission efficiency of the construction industry in each province. The
regression results are as follows:

Table 7 reports the test results of robustness. According to the test results, we see that
the equity structure in the early stage has a dynamic influence mechanism on the later
stage. According to the estimation results in models 6–10, the concentration of equity has a
significant positive effect on carbon emission efficiency, and both fixed capital investment
and technology research and development play an intermediary role. This proves that the
previous empirical conclusions are robust.

Table 7. Regression results of the impact of equity concentration on the carbon emission efficiency of
the construction industry.

Variable LCE Model 6 LFAI Model 7 TECH Model 8 LCE Model 9 LCE Model 10

SHARE 0.4029 **
(3.64)

0.1873 **
(2.18)

−0.1283 *
(6.64)

0.3643 **
(4.22)

0.3927 ***
(1.83)

(SHARE)2 −0.0760 **
(1.86)

0.0307 **
(3.11)

−0.0328 *
(−3.26)

−0.2694 **
(3.04)

−0.2103 **
(3.49)

LFAI - - - 0. 2735 ***
(1.54) -

TECH - - - - 0.4377 ***
(−4.30)

Control variable Yes Yes Yes Yes Yes
Sobel test - - - 0.2108 ** 0.1137 **
F value 10.57 18.91 3.24 9.70 11.29

R2 0.5019 0.6675 0.4275 0.6513 0.4392

Notes: ***, **, and * are significance levels of 1%, 5%, and 10%, respectively, t-values are in parentheses.

6. Discussion

Based on the previous analysis, the research hypotheses proposed in this paper are
all supported by the results of empirical analysis. We find that the relevant departments
will increase the production cost during the process of implementing a green tax for the
construction industry. The green tax also forces the construction industry to carry out
technological improvements and renewal of fixed capital, thereby improving the carbon
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emission efficiency indirectly. However, the carbon emission efficiency of the construction
industry has declined via an increasing green tax index, which reflects that positive and
negative effects exist at the same time.

In terms of the effects of environmental regulations on carbon emissions, there are
two views with regards to the green paradox and the forced emission reduction. Scholars
who hold the green paradox view suggest that increasing the intensity of environmental
regulations does not promote carbon emission reduction. However, others who hold the
view of reducing emissions believe that China’s current environmental regulations can
effectively curb carbon emissions [47]. According to the research results herein, when the
technology remains unchanged and fixed capital has not been updated, the industry will
initially reduce the input of polluting energy due to the production cost caused by tax
avoidance and promote the construction industry to carry out environmental protection
innovations, thereby making the industry carbon emission efficiency improve gradually.
Once the industry tax burden reaches a certain level, there will be an inflection point
in the carbon emission efficiency, thus supporting Hypotheses 1 and 2. This shows that
as industry tax incentives should be dedicated to improving technological progress, the
government can optimize them to increase economic growth by stimulating innovation
and production, validating the research conclusions of Ahn et al. [48] on green buildings.
Since China has entered the stage of high-quality economic and social development, the
construction industry can only adapt to the current economic development by continuously
accumulating and developing more environmentally friendly technologies.

In addition to the direct impact of green taxes on the carbon emission efficiency
of the construction industry, this study also introduces the technology level and fixed
capital investment into the carbon emission efficiency impact mechanism. According
to the empirical analysis results, green taxation and construction industry fixed asset
investment show a U-shape relationship, meaning that the initial increase of green taxation
will reduce the industry’s fixed capital investment, but as the tax burden increases, fixed
capital investment will increase, which is consistent with the research of Wu [49] and also
validates Hypothesis 3.

From the perspective of technological progress, the results in Table 6 show that green
taxation and technological progress also have a U-shape relationship, denoting that green
taxation has a non-linear impact on the technology level of the construction industry. This
coincides with the conclusion reached by Wang and Yu [50] that environmental taxes have
production externalities, which in the short term will cause companies to lose part of their
profits, thereby reducing R&D investment. With the gradual elimination of medium and
small enterprises with heavy environmental tax burden and low technical level in this in-
dustry, the remaining large enterprises have improved their competitiveness by developing
new technologies. Therefore, in the short term, the local employed population and eco-
nomic level may be affected by the environmental tax, resulting in a certain retrogression;
However, in the long run, it is conducive for the employed population to flow into other
enterprises with high technical level and production efficiency. Green tax helps to promote
the development of the technical level of the construction industry and adjust the industrial
structure of the construction industry, supporting Hypothesis 4.

In summary, the implementation of green tax policies can effectively improve the
overall carbon emission efficiency of the construction industry, and both technical factors
and fixed capital factors play a role in transmission. This requires relevant departments to
fully examine the impact of the construction industry’s technology level and fixed capital
investment on carbon emission efficiency when formulating and implementing green
tax policies.

7. Conclusions and Recommendations

Driven by its infrastructure policy, China’s large-scale construction industry has
amazed the world. Relatedly, a green tax is an important adjustment tool for the gov-
ernment to implement green economic development and has an important impact on
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improving carbon emission efficiency. In order to reveal the impact and effect channels of a
green tax on carbon emissions in the construction industry, it is thus helpful to comprehen-
sively evaluate the impact on the construction industry. Based on these considerations, this
study takes 26 provinces in China as the research object and constructs a mediation effect
model to empirically test the impact of green taxation on the high-quality economic devel-
opment of China’s construction industry. The conclusions show that green taxation not only
has a direct effect on the carbon emission efficiency of the construction industry, but also in-
directly affects carbon emission efficiency through the dual paths of fixed asset investment
and technological progress, pushing China to realize that improving carbon emission effi-
ciency requires two-way optimization of fixed assets and technology investment. Although
a green tax will increase the cost burden of high-pollution and energy-intensive enterprises,
it can reduce their dependence on energy by internalizing their negative externalities. This
forces the enterprises to gradually phase out high-energy-consuming fixed assets through
technological upgrading, optimizing the industrial structure, and turning to clean energy,
thereby further promoting the industry’s development in the direction of low-carbon and
high-efficiency.

Taking into account the economic development status of each region and combining
with the characteristics of the regional industrial structure, green taxes and fees shall be
levied according to local conditions. We see from the conclusion that green taxation is
improving carbon emission efficiency, but at the same time, green taxation increases the
cost of enterprises to a certain extent and squeezes their financial development. Therefore,
the introduction of green taxation nationwide must take into account the strict credit
relationship faced by China’s construction industry and the fact that China will still be
“rich in coal, poor in oil, and less in gas”. China should gradually improve the green tax
system, coordinate the development relationship between environmental protection and
economic growth, strengthen energy-saving standards for new buildings, focus on energy-
saving projects for building renovations, and target the goal of adjusting the country’s
economic structure.

Since carbon emissions of the construction industry account for more than 20% of the
national energy carbon emission, it is necessary to increase guidance for the high-polluting
construction industry. With increasing saturation of the construction industry, plans can
be made to shut down some low-value-added and high-energy-consuming enterprises,
actively guide the development of high-tech manufacturing and service industries, and
fundamentally curb highly resource-consuming production models.

China should also choose sensible green tax tools. On the one hand, the empirical
analysis shows that China’s current green tax policy exerts a stronger reverse emission
reduction effect than the green paradox effect. At the same time, in terms of technological
innovation, the Porter hypothesis effect brought by green taxation is also more significant.
Therefore, a further moderate expansion of the green tax policy will not only help improve
carbon emission efficiency, but also help technological innovation. At the same time, the
government should also prevent unrealistic policies that increase the intensity of green
taxation due to blindly trying to improve performance, which can increase the risk of
triggering the green paradox to a certain extent. At the same time, the government should
strengthen incentive taxation tools such as tax subsidies to prevent enterprises from being
unable to continue technological innovation due to insufficient funds.
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