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This study investigates the impact of China’s carbon emission trading (CET)
framework on the green development of the construction sector, a topic that
has been underexplored. Utilizing annual data from 107 publicly listed
construction companies from 2007 to 2022, we apply green total factor
productivity (GTFP) as a metric for green development. Our findings reveal
that GTFP increased by 0.36 during this period. Using the Difference-in-
Differences (DID) methodology, we account for factors such as market
dimensions, ownership structure, financial stability, geographical location, and
state financial aid. The interaction term coefficient in our model is 0.0089,
significant at the 1% level, indicating that CET implementation has significantly
improved GTFP in construction enterprises. Heterogeneity analysis further shows
that the CET’s impact is more pronounced in large-scale, state-owned, highly
indebted enterprises, those located in the eastern region, and those receiving
government subsidies, with coefficients of 0.112, 0.0108, 0.0092, 0.0133, and
0.0099, respectively, all significant at the 1% level. These results underscore the
importance of unified market development and tailored governance strategies.
The study concludes with policy recommendations and calls for further research
to explore CET’s nuanced impacts across different sectors and regions.
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1 Introduction

The imperative to reduce emissions has become increasingly urgent as the climate continues
to deteriorate. The Global State of Buildings and Construction Report 2022 reveals that carbon
dioxide emissions from building operations surged to an unprecedented 10 billion tonnes in
2021, representing an increase over 2020 levels and surpassing the previous peak recorded in
2019 (Bahman et al., 2023). Consequently, the construction industry must integrate
considerations of its ecological footprint into its operational frameworks, necessitating a
transition towards low-carbon and sustainable development practices. There exists
substantial potential for synergy between green development, corporate sustainability, and
ecological resilience (Qin, 2023). Therefore, elevating the green development levels of
construction enterprises has emerged as a pivotal issue in shifting from traditional
production methodologies to sustainable long-term development within the industry.

Scholars have extensively studied methodologies to assess the degree of enterprises’
green development. Some have pursued quantitative assessment approaches through the
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construction of indicator measurement systems. For example, Wang
et al. (2021) developed a comprehensive dark green evaluation index
system for mineral resource listed companies, focusing on economic,
environmental, and health perspectives. They identified managerial
weaknesses and operational inefficiencies by evaluating enterprises’
green development statuses. Yang and Fang (2020) introduced the
concepts of carbon dioxide and green credit indices to measure
unexpected and green outputs of real estate enterprises, conducting
both static and dynamic evaluations of their green productivity.
Helman et al. (2023) identified critical green metrics pertinent to the
automotive industry, particularly focusing on elements during a
vehicle’s life cycle and potential data sources. Unlike the
aforementioned studies, other scholars have approached the issue
through qualitative analysis, focusing on developing theoretical
frameworks and conceptual models for deeper examination. For
instance, Tong and Zhang (2017) uses the external presentation
layer, business support layer, and core layer to further explain the
relationship between the green development capability of enterprises
and suppliers, consumers, and the public, which improves the
theoretical system of green development capability of enterprises.
Ding and Yang (2019) establishes a green development reporting
framework and green development indicators, and applies them to a
case study of a Chinese textile enterprise, which provides a reference
path for the enterprise to self-check and compare itself, and improve
its own green development level. However, the application of these
indicators lacks breadth, and it is difficult to circulate and use them
in different evaluation calibres, which is insufficient to achieve
intuitive comparison between different industries, regions and
individuals. Green total factor productivity (GTFP), however, as a
widely used green economic growth evaluation index has strong
universality and comparability. The green development of
enterprises is essentially the continuous improvement of GTFP,
so this paper will use GTFP to measure the level of green
development. Previous research on GTFP has mostly used
econometric approaches to investigate the impact of economic
and non-economic factors, as well as the interaction of input and
output components. To realize enterprise green transformation,
Chinese government has implemented carbon emission trading
(CET) policy, which triggers a huge influence on various sectors.
These policies also provide experiences for other economies
to consider.

CET scheme aims to achieve emission reduction targets through
a market-based approach. Within the framework of CET, emission
quotas are established and allocated to participants through various
mechanisms (Wang S. et al., 2022). Participants who emit less
carbon dioxide than their allocated quota can trade surplus
allowances in the market. Consequently, CET is recognized as a
cost-effective mechanism for reducing emissions (Wang X. Q. et al.,
2022). The Chinese carbon commercial market comprises eight
percent of the global carbon market, amounting to approximately
4.5 billion tons (Zhang, 2022). This statistic highlights the extensive
scope of China’s carbon trading system and its significant impact on
the nation’s economic and societal structures. The building industry
in China is markedly more energy-intensive compared to other
sectors. Carbon emissions from the construction sector have been
escalating, reaching approximately 2.1 billion tons in 2019, thus
constituting a substantial proportion of the nation’s total emissions.
This figure represents a threefold increase from the 2000 level of

668 million tons, reflecting a consistent annual growth rate of 6.96%
(Bahman et al., 2023). Therefore, analyzing the impact of CET on
green development through Green Total Factor Productivity
(GTFP) is imperative for construction firms. This research is
pivotal for advancing the building industry towards sustainability
and efficiency within the global CET system.

GTFP, encompassing economic development, energy
consumption, and environmental degradation, has become a
critical indicator for academics studying corporate carbon
reduction transitions and green development levels (Li et al.,
2022). GTFP extends the traditional concept of Total Factor
Productivity (TFP) by incorporating environmental elements to
assess the efficiency of corporate inputs and outputs (Zhou et al.,
2023). Firms adopting this methodology acknowledge that
economic prosperity should not come at the expense of the
environment, thereby promoting sustainable and ecologically
conscious advancement (Zhang et al., 2021). Researchers have
identified several significant drivers of GTFP, including digital
twin technology (Hao et al., 2023), remote development (Jian
et al., 2023), artificial intelligence (Ying et al., 2023), the industry
agglomeration effect (Cheng and Jin, 2022), and ecosystem
protection (Cheng and Kong, 2022). Although these studies have
explored the primary factors affecting GTFP, they have
predominantly focused on the industry as a whole, neglecting the
crucial role of construction enterprises in the carbon emission
reduction market. Furthermore, these investigations have not
adequately aligned their findings with current carbon emission
reduction strategies. This study examines the impact of the
Carbon Emissions Trading (CET) policy on construction
companies’ GTFP, utilizing a Difference-in-Differences (DID)
model on construction firms listed from 2007 to 2022. The
research aims to elucidate how CET improves construction
enterprises’ GTFP through empirical testing and additional
analysis of its various roles. It aspires to guide China’s
construction industry towards a sustainable development path
that balances economic growth with environmental sustainability,
energy efficiency, and emission reduction, while also providing
significant insights for global counterparts pursuing green
development.

In the context of enhancing corporate green development,
numerous scholars have engaged in extensive discussions and
research. These studies are concentrated in the following areas.
First, system design has emerged as the most direct means for
scholars to improve corporate green development. For instance,
Xiong et al. (2023) investigated the impact and heterogeneity of
establishing green standards on corporate green development.
Aragòn-Correa et al. (2020), DeLaPaz (2013) and Vierra, (2016)
found that both mandatory and recommended standards can guide
companies in formulating their strategic plans and self-assessment
goals, significantly advancing green development through the
promotion of green innovation dissemination. Second, financial
instruments, due to their close relationship with economy entity,
have become vital in encouraging companies to improve their green
development levels. Several research indicates that green financial
products provide economic support for companies to adopt green
practices, thereby promoting greater willingness among companies
to engage in green behaviors. In terms of technological innovation in
construction companies, new green building materials and creative
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designs aligned with sustainable development principles offer
critical green elements to their products, ensuring that corporate
planning is not merely theoretical. Additionally, some scholars have
explored the role of green organizational culture and green
knowledge management in enhancing employees’ green creativity,
further driving corporate green development. Jiang et al. (2020a)
developed an employee green creativity scale from four dimensions:
green creative motivation, thinking, behavior, and outcome, to
promote green development from the perspective of enhancing
employees’ green creativity. Wang S. et al. (2022) demonstrated
that green knowledge management enhances an organization’s
capacity for green innovation and achieving sustainable
development goals.

However, the current research gap lies in the fact that these
studies focus on companies across various industries without
specific data and circumstances for any particular sector.
Although scholars like Jiang et al. (2022) have investigated the
socio-economic and environmental effects of incorporating high
oil-consuming and natural gas industries into the carbon emissions
trading system, there is a significant gap in research on construction
enterprises characterized by high energy consumption and long
project cycles. This makes it challenging for managers and
policymakers in the construction industry to obtain effective
guidance when formulating green development strategies.
Therefore, there is a lack of comprehensive and effective post-
evaluation mechanisms to ensure the effective implementation
and continuous improvement of green production measures. The
aim of this paper is to fill this research gap.

As previously mentioned, research on the green development levels
of construction enterprises is currently very limited. Thus, the primary
contribution of this study is its targeted use of data from the
construction sector, focusing on analyzing the impact of the CET
policy on construction enterprises. This avoids the pitfall of
analyzing the entire industry while ignoring sector-specific
characteristics. Secondly, this study innovatively explores the green
development direction of construction enterprises from the perspective
of the post-implementation effects of the policy. This research not only
provides policymakers with a framework for analyzing the construction
industry but also offers industry managers a mechanism for self-
evaluation. Thirdly, as the world’s largest developing country,
China’s issues and solutions regarding the green development of its
construction enterprises offer valuable insights for all other developing
countries and regions. Other developing countries facing similar issues
can adopt this study’s theoretical framework, combined with their own
circumstances, to further explore the green development levels of local
construction enterprises and the implementation of the CET policy.
Lastly, the heterogeneity analysis in this study further examines the
reactions of different types of construction enterprises to the CET
policy, deeply integrating the characteristics of construction enterprises
and addressing the often-overlooked issue of how to enhance their
green development levels.

The remainder of this study is structured as follows. Section 2
outlines the related work including key factors, methodology and
research hypotheses as well as model construction. Section 3
describes the model results. Section 4 shows the tests of
robustness. Section 5 proposes the mechanism test. Section 6
demonstrates the heterogeneity analysis. Finally, Section 7
summaries the conclusions and policy recommendations.

2 The related work

2.1 The significance of CET policy for
building companies green development

Carbon trading policy, being a prominent environmental
regulatory instruments, has emerged as the primary mechanism
for encouraging the transition to sustainable practices in
construction firms. China’s CET policy has garnered substantial
practical insights throughout its execution and is poised to supplant
the EU Emissions Trading System (ETS) as the world’s largest
carbon market. Consequently, an examination of China’s carbon
trading landscape stands to enhance the global understanding of
carbon trading mechanisms in developing nations. This
development has triggered a surge of scholarly research aimed at
evaluating the efficacy of CET policies, with numerous academics
analyzing CET through the lenses of macroeconomics and public
policy design (Dong et al., 2013; Zhao et al., 2016; Munnings
et al., 2016).

Studying the impact of CET policy on the green development of
construction enterprises has become imperative for promoting
sustainability in the construction industry. In the carbon
emission regimes of Europe and the United States, specific
carbon-emitting devices or facilities have become the focus of
their rules (Zhang, 2015). In contrast to the CET frameworks in
western countries, China’s CET policy mainly focus economic
entities such as enterprises rather than specific devices.
Consequently, utilizing enterprise data to analyze China’s CET
market represents a prevailing approach in contemporary
research. This approach not only aids policymakers in
comprehending CET policy implementation but also enables
construction company managers to gain a clearer insight into
their economic standing and future strategic endeavors.

Consequently, attaining a thorough comprehension of the
influence of CET policies on the sustainable growth of
construction enterprises, elucidating the primary regulators and
mediating factors, and evaluating policy responses across diverse
scenarios are imperative for advancing the sustainability agenda
within the construction sector. This approach not only facilitates the
progression towards eco-friendly practices but also contributes to
the enhancement of the global carbon trading framework’s
theoretical underpinnings. The outcomes of such investigations
offer a spectrum of strategies aimed at bolstering the efficacy of
carbon trading markets in developing nations.

2.1.1 Measurement of GTFP
Initial economic development theories, including the Solow

growth model and the endogenous growth model, posited that
sustainability relied solely on technological advancement, as
indicated by Total Factor Productivity (TFP). However, these
models failed to take into account the larger socioeconomic
advantages of resource exploitation as well as environmental
factors (Chen and Golley, 2014). With energy and environmental
limits increasingly hampering economic growth, the oversight
became apparent when production resources needed to be
redirected to environmental management activities, slowing
economic advancement (Liu et al., 2020). The Asian Productivity
Organization introduced the concept of GTFP in the 1990s to

Frontiers in Environmental Science frontiersin.org03

Tian et al. 10.3389/fenvs.2024.1414086

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1414086


address this issue by supporting a holistic strategy that increases
productivity while also promoting environmental
stewardship. Subsequent research has focused on methods for
evaluating green productivity growth in order to more properly
assess economic sustainability (Liu et al., 2020). In this setting,
studies concentrating on GTFP indicators that account for energy
and environmental performance have increased, emphasizing their
importance. Xia and Xu (2020) used GTFP to analyze the quality of
China’s economic growth, revealing disparities between GTFP and
traditional TFP measurements that exclude environmental
concerns, with certain northeastern areas outperforming and
others in the western region behind. Additional research looked
into the factors that drive China’s green productivity growth,
focusing on the effects of economic scale, structure, technological
advancement, and innovation. Further research has examined the
impact of governmental policies and regulatory systems on green
productivity. Providing essential insights for understanding
variances in green productivity and instructing policymakers on
how to promote green economic advancement.

In the measurement of GTFP, scholars have engaged in
explorations, leading to two main controversies. Firstly, there is
debate on how to appropriately incorporate environmental factors
into the production function. In 1983 Pittman was among the first
to consider environmental pollution factors in economic models by
accounting for pollution costs and integrating them into product prices
for analysis (Tyteca, 1996). Färe (1989), Chung et al. (1997) applied
directional distance functions (DDF) to estimate green TFP,
incorporating environmental pollution emissions as an “undesirable
output” into the model, a method widely acknowledged (Chung et al.,
1997). Subsequently, Zhao et al. (2020) attempted to consider
environmental pollution emissions, previously regarded as
“undesirable output,” as an input factor similar to capital and labor.
Scheel, (2001) recalculated environmental pollution values by taking
their reciprocal and incorporating them into the model, converting
“undesirable output” into “desirable output.” However, both
approaches by Scheel, (2001) is contradictory to the actual
production process of enterprises. Secondly, controversy exists
regarding the methods used to calculate the final efficiency values
after constructing production function models considering undesirable
outputs. Reviewing the extant literature suggests that major estimating
approaches now include: 1) The Solow residual method, akin to
conventional TFP estimation, derives from Solow’s growth theory.
Hu et al. (2022) applied this technique to assess green TFP across
various Chinese regions. 2) The nonparametric frontier analysis
approach, as utilized by Feng et al. (2018), is prevalent for GTFP
estimation, emphasizing the relative efficiency of inputs and outputs.
Additionally, Tao et al. (2016) introduced an innovative Slacks-Based
Measure (SBM)model that incorporates undesirable outputs, offering a
novel methodology for evaluating green economic efficiency.
Nonetheless, it is crucial to emphasize that this method is best
suited for static assessments and does not capture the productivity
dynamics of Decision-Making Units (DMUs) throughout multiple
years. In contrast, incorporating unwanted outputs into the
Malmquist-Luenberger (ML) index allows for a more precise
measurement of DMU productivity improvements over time. Li and
Chen (2021) created the SBM-ML model, which combines the SBM
technique with unwanted outputs and a fixed ML index to precisely
determine the extent of GTFP. This methodology combines

nonparametric frontier analysis and the Malmquist-Luenberger
index to provide a comprehensive tool for analysis. Researchers such
asWu et al. (2023) and Sun et al. (2021) have applied above approach to
explore the basic operational mechanisms of green development in a
company. Through studying previous research process, we calculated
GTFP by appling SBM-ML model.

It is noteworthy that the academic community has identified indices
similar to GTFP, namely, the Green Technology Efficiency Change
Index (GTECI) and the Green Technology Progress Change Index
(GTPCI). The GTECI assesses variations in the efficiency of factor
utilization. This index is comprehensive, encompassing both the
efficiency improvements brought about by technological
advancements and the changes in efficiency due to the reallocation of
production factors. Moreover, this index captures changes in economies
of scale resulting from institutional innovation and the accumulation of
experience within enterprises (Zhong, C et al., 2024). The GTECI is
calculated primarily by comparing the production efficiency of different
enterprises or units at a specific point in time. While, GTPCI measures
the extent of technological advancement within a specific field or
industry. It reflects the degree of innovation and development in
technology, serving as an essential tool for evaluating the speed and
direction of technological progress. The GTPCI is typically calculated by
comparing changes in specific technological indicators over different
time periods (Luo,Q., et al., 2019). In this study, we employed the growth
rate method to compute this index, which involves calculating the
growth rate of a particular technological indicator between two
points in time. This research introduces the aforementioned indices
to assist in analyzing the green development levels of construction
enterprises over the past 15 years.

2.1.2 SBM −ML model
DMU, which functions at the minimum level of production,

refers to the separated listed firms in the database of this research.
Assume there are DMUs, represented by DMUj (j � 1, 2, . . . , n).
Each DMU utilizes m inputs, symbolized by xi(i � 1, 2, . . . ,m); qi
and produces pollution as an output, denoted by yr(r �
1, 2, . . . , q1); q2 (pollution output), denoted as bt(t � 1, 2, . . . , q2).
The DMU under evaluation is denoted as DMU0. Following the
aforementioned conceptualization, we derive the following SBM
model incorporating pollution output:

min ρ �
1 − 1

m
∑m

i�1 s
−
i /xi0

1 + 1
q1 + q2

∑q1

r�1 s
+
r/yr0 +∑q2

t�1 s
b−
t /bt0( )

s. t. ∑n
j�1 xijλj + s−i � xi0, i � 1, 2,/,m

∑n
j�1 btjλj + sb−t � bt0, t � 1, 2,/, q2

∑n
j�1 λj � 1

λ, s−, s+, sb− ≥ 0

(1)

In Eq. 1, (∑n
j�1 λ � 1) refers to returns to scale (RS). Removing this

restriction implies fixed returns to scale (FRS). This study
primarily focuses on efficiency in the context of RS. The
suitable countermeasures to the preceding equation is denoted
as (λ*,&s−*,&s+*,&sb*). When accounting for undesirable
outputs, the DMU0 is meaningful only when ρ*equals one, in
other words, s−*, s+* and sb* are all tantamount to zero.
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2.1.3 Malmquist indicator
Malmquist index was devised by Sten Malmquist in 1953.

Subsequently, Chung et al. (1997) modified this model to create
the ML index, which extends the Malmquist framework to
encompass undesirable outputs through the directional distance
function. Any Malmquist index that accounts for unwanted outputs
will now be referred to as the ML productivity index, or simply the
ML indicator. The ML indicator developed as follows:

The collection of reference for the unit duration is denoted by
Sf � (xfj , yfj , bfj ){ } with f representing the number of observations in
period 1. Given that the efficient production possibility frontier per
unit period remains unchanged, a singular ML index is computed.

MLf
0 xt+10 , yt+10 , bt+10 , xt0, y

t
0, b

t
0( ))

� Ef
0 xt+10 , yt+10 , bt+10( )/Ef

0 xt0, y
t
0, b

t
0( ) (2)

The DMU0 flux from duration t to t + 1 is denoted as
MLf0(xt+10 , yt+10 , bt+10 , xt0, y

t
0, b

t
0). Among them, Ef

0(xt0, yt0, bt0) and
Ef
0(xt+10 , yt+10 , bt+10 ) stands for the utility values of DMU0 in t

and t + 1 duration regarding the efficient production
possibility frontier constructed by period f .
MLf0(xt+10 ,&yt+10 ,&bt+10 ,&xt0,&y

t
0,&b

t
0) � 1 indicates that TFP

remains fixed, MLf0(xt+10 ,&yt+10 ,&bt+10 ,&xt0,&y
t
0,&b

t
0) > 1

demonstrates that TFP rises, and MLf0
(xt+10 ,&yt+10 ,&bt+10 ,&xt0,&y

t
0,&b

t
0)< 1 represents that TFP falls.

This study does not focus on the deep decomposition of the
indicator, but simply on the indicator itself.

Calculated steps:
In this study, we employ the method developed by Li and Chen’s

(2021) to determine the green development efficiency value for the
base period, designating 2007 as the baseline year. The GTFP of a
listed firm in a specific period, relevant to the initial duration (the
starting time in the dataset under inquiry), can be seen as below:

E1
0 xt0,&y

t
0,&b

t
0( ) � E1

0 x10,&y
1
0,&b

1
0( )

× ML1
0 x20,&y

2
0,&b

2
0,&x

1
0,&y

1
0,&b

1
0( )

× . . .× ML1
0 xt0,&y

t
0,&b

t
0,&x

t−1
0 ,&yt−10 ,&bt−10( )

(3)
By putting Eq. 2 into Eq. 3, we show that the both sides of the

equation are identical. As a result, Eq. 3 calculates the GTFP for all
listed firms compared to the base period. This enables for a thorough
comparison of these organizations’ productivity, both horizontally
and vertically.

2.1.4 Calculation result
Based on the above, this study calculates the GTFP, GTECI, and

GTPCI of Chinese listed construction enterprises from 2007 to 2022.
Due to the large number of specific enterprises involved, we averaged
the values for each year to obtain the annual average values for all listed
construction enterprises, thereby studying the overall green
development situation of the enterprises. The specific values are
shown in Table 1. Figure 1 illustrates the trend changes of the three
indices from 2007 to 2022. Figure 1 indicates that the trends of GTFP
and GTECI are largely consistent. Both indices increased from 0.74 to
1.15. This data shows that from 2007 to 2022, the GTFP of listed
construction enterprises in China rose by 41%. Notably, following the
implementation of the CET policy in 2013, the GTFP increased by 24%.

In contrast, the increase from 2007 to 2013 was 16.8%. To investigate
whether this rapid increase is attributable to the CET policy, this study
proposes a hypothesis and will establish a model for verification. Over
the past 15 years, the GTPCI has remained relatively unchanged,
consistently maintaining a value of 1. This indicates that there have
been no significant breakthroughs in innovation related to green
production technologies and processes in the Chinese listed
construction industry over this period. This phenomenon warrants
the attention of both industry professionals and government authorities.

2.2 Research hypotheses

2.2.1 Factors affecting green development level of
building companies

Based on the literature review of previous studies, this research
identifies the key factors influencing corporate green development and
uses them as research variables in the foundational model. Various
types of construction firms, each facing unique circumstances, exhibit
varying levels of effectiveness in engaging with CET mechanisms. Jiang
H. D et al. (2020) in their study elaborated that assessing environmental
policies requires a combination of multiple factors, therefore this study
will refer to the previous results to continue to assess the impact of CET
policies on the level of green development of construction firms from a
multifactorial perspective. More specifically, Li et al. (2022) posits that
larger firms possess greater financial resilience, enabling them to
navigate the financial demands of green transitions effectively and
enhance their sustainability practices swiftly. In terms of shareholding
structure, Hua et al. (2022) highlights state-owned enterprises’ (SOEs)
notable social responsibility compared to private enterprises, as they
often collaborate closely with local governments in China,

TABLE 1 The annual average value of GTFP, GTECI, and GTPCI of listed
construction companies in China from 2007 to 2022.

Year GTFP GTECI GTPCI

2007 0.739087432 0.736542813 1.003584033

2008 0.767337049 0.761912396 1.007332395

2009 0.795097927 0.792081428 1.00404582

2010 0.823647226 0.819551226 1.00520733

2011 0.851791467 0.845346667 1.007839449

2012 0.875010202 0.876582538 0.998285866

2013 0.907250417 0.904673258 1.003113205

2014 0.927896705 0.934246882 0.99336166

2015 0.960144086 0.957783054 1.002595692

2016 0.979317368 0.984619355 0.994815146

2017 1.009877204 1.012408163 0.99767648

2018 1.039450529 1.04026283 0.999456534

2019 1.062875974 1.064611768 0.998609304

2020 1.092182022 1.092054366 1.000297862

2021 1.117939329 1.122550022 0.996040937

2022 1.15136 1.150559381 1.000857849
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demonstrating proactive commitment to green initiatives. In addition,
financial considerations are indispensable for a business. Alonso-
Martinez et al. (2021) underscores the role of green credit in
supporting firms to implement sustainable business models,
expediting their transition towards sustainability. Moreover, Chen Y
et al. (2017) underscores the significance of subsidies in aiding
enterprises to navigate transition periods, regain stability, and
enhance their eco-friendly practices. Jiang et al. (2024) in his
research emphasized that subsidies for renewable energy represent a
relatively optimal approach to achieving green development,
demonstrating the critical role of subsidies in enhancing levels of
green development. Furthermore, technological innovation has
garnered attention from numerous researchers. Gomes et al. (2024)
emphasizes the pivotal role of green innovation in driving enterprises
towards higher levels of environmental responsibility. Jiang et al. (2023)
provides a detailed description of the characteristics of the agricultural
sector, evaluates the impacts of different technological scenarios under
the carbon reduction background on agricultural development, and
emphasizes the influence of technological innovation on green
transformation. Specifically, Jiang et al. (2020b) pointed out that
carbon capture and storage technologies are crucial technologies in
current green development. It is worth noting that China’s vast territory
results in significant heterogeneity in carbon emissions reduction and
green development levels across different regions, as evidenced in Jiang
H. D. et al.’s (2023) study.

In summary, based on previous scholars’ utilization of factors
influencing environmental policies and green development levels,
this study selected enterprise size, ownership structure, debt levels,

geographic location, subsidy acceptance, and technological
innovation as influencing factors. Subsequently, it explores the
development of green development levels among construction
enterprises following their participation in the CET policy.

2.2.2 Theoretical hypotheses on the relationship
between CET and GTFP

Carbon emission market prices internalize the external costs
associated with construction enterprises’ carbon emissions, allowing
for effective management of carbon emissions throughout production
and operational activities. This regulation is largely assisted by cost
drivers and profit incentives. Cost drivers refer to the
commercialization of carbon emission rights, which is closely
regulated by government bodies. Under such regulatory regimes,
building businesses that need to emit more than their given quotas
must get additional emission rights from the government or the
market. This acquisition leads in additional environmental
maintenance charges, which reduces the firm’s GTFP to some
extent. Enterprises that fail to comply with environmental standards
will suffer equivalent fines, raising their additional expenses and
requiring all building enterprises to efficiently use carbon emission
limits. Profit incentives are primarily expressed in the ability of carbon
emissions rights to be sold within a specific market mechanism, hence
enabling profit potential for participating firms. Using this strategy,
construction companies can reduce carbon emissions through
increased technical innovation while also collecting revenue by
exchanging excess quotas. Specifically, if the expense incurred by a
company to cut emissions falls below the prevailing carbon market

FIGURE 1
Development trend of GTFP, GTECI, and GTPC from 2007–2022.
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rate, it has the opportunity to sell its surplus carbon emission
allowances on a trading platform, profiting from the margin
between expenditure of maintenance and sale price. This incentive
mechanism implies that the better an enterprise’s efficiency in
technological innovation, the cheaper its emission-reduction
expenses and the higher its earnings from carbon trading. Carbon
emission quotas are efficiently dispersed using market trading
methods, resulting in lower carbon emissions and cheaper costs for
all participating enterprises. Consequently, this research proposes
Hypothesis 1 concerning the effectiveness of CET policies.

Hypothesis 1. Pilot carbon emissions trading policies enhance
GTFP in construction enterprises.

2.2.3 Theoretical hypotheses of green innovation in
CET and GTFP of construction firms

Scientific and technological advancements are critical for increasing
organizations’ GTFP. Within the scope of designated carbon emission
quotas, construction enterprises in pilot carbon emissions trading
regions are increasingly focusing on developing emission reduction
technology. This priority intends to minimize emission costs and
increase efficiency, hence accelerating research into emissions-
reducing technology, ultimately lowering prices and improving the
effectiveness of carbon emission reduction activities. In contrast,
building companies produce excess carbon emission quotas by
implementing novel green emission reduction solutions. These
excesses can then be traded on the carbon trading market, creating
new opportunities for profit. From a strategic, long-term standpoint, the
most effective way for construction enterprises to negotiate carbon
emission regulations and minimize emission costs is to vigorously
develop and implement carbon emission reduction technology. Given
this circumstance, construction companies are actively involved in green
innovation research and development in the context of carbon trading
policies. Such occurrences not only ensure that the construction
industry’s overall carbon emissions meet government-imposed
emission constraints, but they also spark a wave of research into new
carbon emission reduction technologies across the industry, thereby
improving the GTFP of all industry enterprises. To study this, the paper
looks at the path of green innovation and the conduction mechanism.
Hypothesis 2 is provided to demonstrate that carbon emissions trading
pilot regulations improve the GTFP of construction firms in pilot areas
by encouraging enterprise innovation.

Hypothesis 2. Carbon emissions trading pilot policies drive
enterprise innovation, increasing construction firms’ GTFP.

2.3 Model construction

The Difference-in-differences (DID) method is popular in
econometrics and quantitative analysis. This study employs the DID
approach to ascertain the influence of CET on the green development
level of construction companies. DID has the advantage of being
applicable to large-sample regressions and representing trends more
accurately within huge datasets. This study includes data from
1,040 publicly traded construction companies, meeting the criteria for
massive data situation. In management sciences, this approach employs
observational data to replicate experimental research by comparing the

effects of an intervention on a “treated group” to those on a “control
group”within a quasi-experimental framework. This technique evaluates
the effect of an intervention by analyzing and comparing the baseline
characteristics or time-related changes during the output variable
between the therapeutic and containment groups. Prior to conducting
DID analysis, the time-series data for both groupsmust cover at least two
periods: one before and one following the intervention. This method is
extensively used to evaluate treatments or interventions including
legislative passing, policy enactment, and mega project implementation.

The research framework of this article is structured as follows
(see Figure2): First, the collected data is cleaned, and key research
variables are extracted. Second, a basic model is established, and
multicollinearity tests are conducted. Only models that pass the
multicollinearity tests, confirming the absence of linear relationships
among variables, proceed to the next stage of analysis. Third,
conducting rigorous robustness tests on the basic model is
essential to ensure the scientific validity of the analysis results.
Therefore, parallel trend tests, placebo tests, propensity score
matching, and mechanism tests will further evaluate the model’s
reliability. Models that fail these tests will be redesigned until they
meet the required standards. Finally, a heterogeneity analysis will be
conducted to deeply examine the research results. As Figure 1
illustrated, this study analyzes the impact of CET policies on the
green development level of construction enterprises based onmarket
scale, ownership structure, financial structure, geographic location,
and government subsidies.

2.3.1 Description of variables
The sample of the study is the construction industry with a time

horizon of 2007–2022 years, 107 companies with 15 years of annual
data and a sample size of 1,029 observations were used in this study.
The analysis tool is Stata 17.0.

For the dependent variables, GTFP is assessed using the non-
radial SBM-ML index. Drawing on existing literature, we identified
factors potentially influencing the GTFP of construction firms and
chose the following as control variables to mitigate estimation bias:
Firmmarket scale (Scale), Return on assets (Roa), Gearing ratio (Lev),
agency cost (Cost), cash flow from operations (CF), factor intensity
(Capital), and the shareholding ratio of the largest shareholder
(Top1). The definitions of these variables are provided in Table 2.

2.3.2 Construction of baseline model
To assess the influence of CET on the GTFP of construction

businesses, the following model was developed for this study (see
Eqs 4, 5):

GTFPi,t � α0 + β1 DID i,t + β2 Size i,t + β3 ROA i,t + β4 Lev i,t

+ β5 Cost i,t + β6 CF i,t + β7 Capital i,t + β8 Top1 i,t

+ δt + μi + εi,t
(4)

To verify the presence of the mechanism effect, the subsequent
model was developed as follows:

GTFP i,t � α0 + β1 DID × Patent i,t + β2 DID i,t + β3 Patent i,t

+ β4 Size i,t + β5 ROA i,t

(5)
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GTFPi,t refers to the GTFP of the construction firms of sample i
in the observation duration t, α stands for the constant term, and
β refers to model coefficient of unit variable. If β is a positive

number, the GTFP of the building companies affected by CET is
markedly stronger than those not affected by CET. It indicates
that CET increases the GTFP of the building companies. DID

FIGURE 2
Research framework.
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represents the interaction term Treat i* Time t, reflecting the
treatment effect’s average difference in GTFP between
construction enterprises impacted by the CET scheme and
those not affected. The “Treat” group signifies the policy
treatment dummy variable (for pilot areas such as Beijing,
Tianjin, Shanghai, Guangdong, Shenzhen, Hubei, Chongqing),
“Treat” is 1; for non-pilot areas, “Treat” is 0. “Post” denotes
period virtual variable (1 after CET implementation, 0 in front
of, with 2013 designated as the policy year). In this study, Patent

i,t is connected to green creation level of firms, reflecting the
quantity of green innovations and utility applications. The time
effect (δt) is measured in the temporal dimension, while the fixed
effect (μi) is measured in the unit entrepreneurial level. The
random disturbance term (εi,t) changes in both
entrepreneurial and time.

3 Analysis of empirical research

3.1 Sample selection and database

The listed corporate data is notable for its accessibility and
correctness. Furthermore, data from publicly traded construction
enterprises, often collected from their standardized annual reports,
aids scientific research.

This study encompassed construction firms that are listed on the
Shanghai Stock Exchanges and Shenzhen Stock Exchanges and
adhere to construction sector classification guidelines established
by the China Securities Regulatory Commission. Selected firms were
involved in a range of sectors including property, urban street
construction, engineering raw materials, and other citizens’
welfare infrastructure development corporation (to name a few
facilities for culture, education, health, sports, and music), as well
as monumental architecture and various other construction
activities. The research assessed the effects of CET, green
innovation, and GTFP on the civil engineering and construction
sectors, utilizing annual data spanning from 2007 to 2022. The
dataset was preprocessed and cleaned before being analyzed. Out of

1,728 construction firms, 699 were removed because they did not fit
the study’s criteria, leaving 1,029 useable observations. The
mentioned construction enterprises’ financials and quantity of
green patents were collected from China National Research Data
Services (CNRDS) (https://www.cnrds.com/) (accessed on
10 October 2023) and national patent databases (https://english.
cnipa.gov.cn/index.html). The analysis used Stata 17.0’s “opreg”
command, China stock market and accounting research database
(www.gtarsc.com) (accessed on 11 August 2023). Supplementary
data sources were Tonghuashun (https://www.10jqka.com.cn/; an
information website of stock) and Finance of Sina (https://finance.
sina.com.cn/). The focal variable, green creation, was quantified
through the tally of green invention application and utility model
application, indicative of technological progress. Data on green
patent application were collected from China National
Intellectual Property Administration (english.cnipa.gov.cn/)
(accessed on 13 August 2023), categorized using green patent
classification of world intellectual property organization (www.
wipo.int/portal/en/index.html) (accessed on 15 August 2023)
totally green invention applications. A linkage was identified
between the quantity of green inventions and green creation level. The
study encompassed 150,994 green invention patents and 20,389 green
practically model applications. All of the above data is consolidated in the
following links: https://github.com/Kriscoo/research-data-and-code-of-
construction-companies-green-development.

Table 3 indicates a description of the statistics for key factors.
Table 2 shows that the mean, minimum, and maximum GTFP
values for construction enterprises are, and 1.146, respectively, with
a standard deviation of 0.113, indicating significant variation and
data dispersion. The mean quantity of green patents and practically
applications unit firm stands at 1.06 and 1.273, respectively, with
standard deviations being 1.377 and 1.422.

3.2 Multicollinearity test

Multicollinearity occurs when the explanatory variables in a
regression model exhibit strong or precise relationships, resulting in

TABLE 2 Definitions of variables.

Variable symbol Name Description

GTFP Green total factor productivity Measured by non-radial SBM-ML index

DID Double-difference interaction term Treat * Post

Scale Firm market scale Ln (Sum assets in final duration)

ROA Return on assets Net profit

Lev Gearing proportion Total liabilities

Cost Agency fees Executive management expenditure/Main operating revenues

CF Cash flow during the period of operation Net cash flow during operation/end-of-period total assets

Capital Elements Concentration Ln (Actual net fixed assets unit capital)

Top1 Shareholding proportion of the Highest shareholder Shareholding proportion of the Highest shareholder

GreInv Enterprise Invention Green Innovation Ln (the quantity of patent applications for green invention)

GreUm Enterprise Practical Green Invention Ln (the quantity of patent applications for Green utility model
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skewed or difficult-to-estimate outcomes. As for this study, we used the
approach of Variance Inflation Factor (VIF) to assess the model for
multicollinearity, with the goal of identifying and addressing any flaws.
Significant multicollinearity is defined as a maximumVIF value greater
than 10 (Kim, 2019). When all VIF values are less than 10, the model is
considered to be free of multicollinearity. Multicollinearity reduces the
dependability of model estimations, rendering the results questionable.
Table 4 of this study demonstrates the absence ofmulticollinearity, as all
VIF values are below 10. Therefore, this model does not suffer from
multicollinearity.

3.3 Consequence of basic model analysis

The outcomes of basic regression models employed in this
research are presented in Table below. In column (1) of Table 5,
excluding control variables yet incorporating bidirectional fixation
effects, exhibits a modulus of 0.0093, and it is statistically significant
at the 1 percentage level. In second Column, which contains control
variables but no fixed effects, has a coefficient of 0.0850, which is
likewise substantially positive at the 1% level. The model displayed

in third column, incorporating control variables and bidirectional
fixation effects, yields a coefficient of 0.0089, statistically remarkable
at the level of 1 percent. This denotes an impressive rise in GTFP for
laboratory group, specifically an increase of 0.0089 units. Among the
control variables, with all else constant, the coefficient for Lev is
significantly positive, signifying a meaningful positive impact of Lev
on GTFP. These findings suggests that CET policy may positively
influence construction enterprises’ GTFP, providing preliminary
support for Hypothesis 1. To increase the confidence of these
findings, the study will perform a number of robustness checks.
Moreover, the values for the models in Table 4 exceed 0.1, deemed
an acceptable level of explanatory power given the complexity of the
researched phenomena.

4 Test of robustness

4.1 Test of parallel trend

Employing DID method necessitates the parallel trends
assumption, which posits that before realization of CET policy in
2013, experimental group’s data should align with the control
group’s across various indicators, exhibiting parallel trajectories.
If this criteria is not met, the DIDmodel may be ineffective, resulting
in biased results. To test for parallel trends, this study develops a
regression equation using dummy variables, as shown below:

GTFP i,t � α0 + β1 Pre i,t + β2 Pre i,t + β3 Pre i,t + β4Currenti,t
+ β5Post1i,t + β6Post2i,t + β7Post3i,t + β8Sizei,t
+ β9 ROA i,t + β10 Lev i,t + β11 Cost i,t + β12 CF i,t

+ β13 Capital i,t

(6)
In the specified Eq. 6, Pr 3i,t denotes the status of company “i” in
period “t” as being in the third year prior to the implementation of
the CET pilot policy. The assignment of the variable is 1 when
companies are in third year prior to the policy’s implementation,
and 0 otherwise. “post1i,t” signifies company “i” in period “t” as
being in the first year following the import of CET policy, with
variables set to 1 for companies in the first year post-impact and
0 otherwise. “currenti,t” represents company “i” in period “t” during
the ongoing influence of CET pilot policy, with the assignment of the
variable is 1 when companies is currently being influenced and
0 otherwise. The other variables remain consistent with those
applied in the regression analysis.

In Table 6, the first column is evident that coefficients are not
significant in Pre 3i,t, while the coefficients from Post current i,t to
Post 3i,t are obviously positive. It suggest that there are no significant
differences between the laboratory group and controlled groups
before realization of CET policy, corroborating the parallel trends
hypothesis. Furthermore, the CET pilot strategy has shown effective
in increasing GTFP among construction enterprises, albeit with
some delay in its implementation. Overall, the study’s research
design complies with the preconditions for applying the
DID approach.

Visualizing the parallel trends test results, as shown in Figure 3,
before and during the current period (such as, before the policy is
implemented), demonstrates no remarkable differences in the

TABLE 3 Descriptive statistics.

N Mean SD Min Median Max

GTFP 1,029 0.968 0.113 0.712 0.988 1.146

DID 1,029 0.423 0.494 0 0 1

Scale 1,029 22.881 1.803 16.185 22.522 28.502

ROA 1,029 0.015 0.076 −0.986 0.022 0.502

Lev 1,029 0.642 0.189 0.028 0.674 1.89

Cost 1,029 0.064 0.097 0.001 0.044 1.404

CF 1,029 −0.002 0.366 −11.056 0.012 0.43

Capital 1,029 12.012 1.148 4.431 12.047 15.386

Top1 1,029 0.375 0.151 0.044 0.358 0.786

GreInv 1,029 1.06 1.377 0 0.693 6.513

GreUm 1,029 1.273 1.422 0 0.693 6.234

TABLE 4 Calculation of variance inflation factor.

Variables VIF 1/VIF

Scale 1.860 0.537

Lev 1.560 0.641

Top1 1.180 0.850

Cost 1.169 0.854

ROA 1.159 0.864

DID 1.130 0.883

Capital 1.059 0.942

CF 1.031 0.970

Mean VIF 1.269
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dependent variable between controlled group and laboratory
group. This result remains true even after accounting for control
parameters such as Scale, ROA, Lev, Cost, CF, Capital, and Top1, all
of which have confidence intervals that contain zero. This supports
the parallel trend assumption. After the policy’s implementation, the
lower limits of the modulus intervals for prior three periods are
strictly above zero, suggesting that CET had a remarkable catalytic
effect on GTFP.

4.2 Test of placebo

The goal of placebo tests is to determine whether a policy or
intervention actually caused the desired outcome. These tests are
used to rule out the possibility of other unobserved factors
influencing the findings, hence confirming the causality of the
study’s conclusions. In the field of economics, placebo tests are
employed to exclude the impact of non-policy factors on the study
results. For example, if a policy is about to be implemented, it may
affect the behavior and outcomes of the subjects under study, leading
to errors in the so-called “policy effect.” Placebo tests help ascertain
whether the policy is indeed the cause of the observed results.

To ensure the dependability of experimental research findings,
this work follows Topalova’s (2010) methodology and employs a
counterfactual testing approach for placebo tests. This entails
changing the policy implementation dates in the sample data to
2009 and 2010—years before the actual carbon trading policy
pilotand running regression analyses. If the carbon pricing policy
pilot in 2013 had increased construction companies’ GTFP, the
interaction term coefficients for these hypothetical pilot years should

produce insignificant findings. As illustrated in columns (1) and (2)
of Table 7, DID2009 and DID2010 are scenarios in which CET pilot
policy is assumed to have been implemented in 2009 and 2010,
respectively. The insignificance of the interaction term coefficients
for both DID2009 and DID2010 confirms that the improvement
non GTFP among construction enterprises is due to the carbon
pricing pilot policy adopted in 2013. This data reinforces the notion
that the carbon trading pilot scheme notably improved the GTFP of
construction firms.

4.3 Propensity score matching

Studies indicate that CET pilot strategy enhances GTFP of
construction businesses. Yet, these figures do not sufficiently
depict the causal link between CET and GTFP of construction
firms. Furthermore, business size and investment in technological
development have a considerable impact on construction firms’
GTFP. To confirm that the rise in GTFP attributed to the carbon
trading pilot policy is not accidental, it is essential to account for
confounding factors like business size. As a result, this study uses
propensity score matching to address sample selection bias,
reducing disruptions to experimental outcomes and increasing

TABLE 6 The parallel trends results.

Variables (1) GTFP

pre_3 −0.0067 (0.0045)

pre_2 −0.0068 (0.0041)

pre_1 −0.0051 (0.0042)

current −0.0052 (0.0035)

post_1 0.0071** (0.0035)

post_2 0.0092** (0.0045)

post_3 0.0087** (0.0039)

Scale −0.0009 (0.0008)

ROA 0.0095* (0.0051)

Lev 0.0178*** (0.0036)

Cost 0.0015 (0.0048)

CF 0.0021*** (0.0007)

Capital −0.0003 (0.0007)

Top1 −0.0011 (0.0072)

Constant 0.7531*** (0.0191)

Observations 1,029

Number of id 107

R-squared 0.9809

Firm yes

Year yes

F value 2243***

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

TABLE 5 The outcomes of basic regression models.

Variables (1) GTFP (2) GTFP (3) GTFP

DID 0.0093*** (0.0023) 0.0850*** (0.0065) 0.0089*** (0.0023)

Scale 0.0174*** (0.0023) −0.0004 (0.0011)

ROA −0.2188*** (0.0427) 0.0088 (0.0074)

Lev −0.0222 (0.0198) 0.0168*** (0.0047)

Cost −0.0346 (0.0335) 0.0018 (0.0062)

CF 0.0054 (0.0083) 0.0017 (0.0015)

Capital −0.0107*** (0.0027) −0.0003 (0.0006)

Top1 −0.1331*** (0.0215) 0.0027 (0.0079)

Constant 0.7399*** (0.0026) 0.7326*** (0.0510) 0.7416*** (0.0222)

Observations 1,029 1,029 1,029

R-squared 0.9804 0.2818 0.9807

Number of id 107 107 107

Firm yes no yes

Year yes no yes

F value 3021*** 50.02*** 2082***

Standard errors in parentheses.

***p < 0.01, **p < 0.05, *p < 0.1.
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the study’s robustness. Table 8 presents the methods of kernel,
nearest neighbor and radius matching. The consistency in the sign
and significant level of DID coefficients of interaction term with
prior analyses suggests that the regression outcomes are robust. This
reinforces previous regression findings that the carbon pricing pilot
scheme significantly enhances GTFP in construction firms.

4.4 Explanatory variables in one-period

In fourth column of Table 8 explores potential lagged effect of
CET by analyzing key explanatory elements in subsequent duration,
as denoted by the modulus L.DID. The data demonstrate that
regression modulus consistently remain significantly positive,
suggesting the robustness of basic regression outcomes.

5 Mechanism test

Previous research has shown that by implementing CET pilot
programs, building businesses’ GTFP can improve dramatically.
Building on this insight, some researchers believe that green
technical breakthroughs aiming at reducing carbon emissions can
have a significant impact on GTFP oscillations. Building on this
foundation, the present research examines green technological
innovation as a possible mediating factor, employing a mediation
effect model to analyze the influence of CET on construction
businesses’ GTFP. The coefficient in first column of Table 9
pertains to the coefficient with quantity of green patent

applications DIDInv, showcasing a significantly positive coefficient
(0.0027). It can been seen that the quantity of patent applications for
green utility model (DIDUm) exerts an advancing effect on the
connection between DID and GTFP. Similarly, in second column,
the interaction coefficient relates to the quantity of GreUm by
construction firms, with a coefficient of 0.0026, also significantly
positive. This reveals that GreUm positively moderates the
connection between DID and GTFP. These data imply that by
focusing on green innovation technologies, construction
enterprises can increase their GTFP.

6 Heterogeneity analysis

6.1 Market scale perspectives

Construction companies market scale significantly affects
equivalent of carbon emissions to be reduced and associated
maintenance expense. This study assesses whether CET’s impact
on construction firms’ GTFP significantly differs by company
size, with firms classified according to size in the database.
Separate basic regressions are performed for larger and
smaller firms. Regression outcomes presented in the first and
second columns of Table 10 indicate that the CET pilot positively
influences the GTFP of larger-scale construction enterprises by
1%, while it has no discernible effect on smaller-scale entities.
This suggests that CET has a stronger influence on larger
enterprises than on smaller ones. This gap may be ascribed to
major construction businesses’ greater risk-management

FIGURE 3
Visualization of parallel trend test results.
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capabilities. In the context of new policy implementation, large
construction enterprises can use their established industrial
chains, strategic relationships, and economies of scale to offset
market risks. They leverage their long-established market share,
reputation, and influence to do so. It is noteworthy that large
construction firms, due to their more significant social influence,
are more likely to receive government financial subsidies and tax
incentives. They can use national macro policies to pave their way
toward autonomous transformation. For deep analysis, Large-
scale enterprises experience a faster increase in GTFP compared
to small-scale enterprises. The primary reasons for this
phenomenon are as follows: Firstly, enterprises of different
market sizes have varying resource integration capabilities.
Large construction enterprises, leveraging their superior
resource integration capabilities, can more effectively spread

fixed costs. Specifically, large construction enterprises can
attract significant investments in environmental technology
and establish industry-influential innovation and research
platforms. This conclusion is confirmed by Zhou et al. (2023),
who also highlight that large enterprises have greater bargaining
power in this process, giving them an advantage in reducing
costs. Consequently, in the carbon trading market, they can more
easily absorb and internalize carbon costs, thereby improving
GTFP. Secondly, large construction enterprises typically develop
more mature risk management systems and higher resilience as
they grow. This enables them to better manage uncertainties and
price fluctuations in the carbon trading market, swiftly adjusting
strategies to respond to market changes. This ability results in
higher policy response capabilities for large enterprises,
particularly those with dedicated policy research and response
departments. These enterprises can promptly interpret and
respond to government environmental policies and
regulations. Not only can they quickly adjust their operational
strategies, but they can also influence policy direction through
lobbying and participation in policy formulation, making policies
more favorable to their development. This is substantiated by the
research of Kalaycıoğlu et al. (2016). Thirdly, larger enterprises
place greater emphasis on social responsibility and brand image
construction. By participating in the carbon trading market, they
not only enhance their GTFP but also improve their social
reputation and brand value. This positive feedback mechanism
further promotes their advancement in green development levels.
This finding is supported by Yang et al. (2016).

6.2 Enterprise ownership perspectives

Construction firms may differ in their societal roles
depending on whether they are state-controlled. This is
particularly evident in the differences between stateowned
enterprises (SOEs) and privately-owned enterprises (POEs).
The existence of such differences leads to varying responses
and outcomes in relation to the government’s CET pilot policy
among firms of different ownership types. This study uses a
dummy variable to characterize firm ownership, separating the
sample into SOEs and non-state-owned enterprises, and doing a
DID analysis on them. Table 10’s third and fourth columns reveal
that state-owned construction enterprises’ GTFP has a
substantial favorable impact (interaction term coefficient =
0.0108, p < 1%). Conversely, the interaction term coefficient
for private construction businesses is 0.0092, demonstrating
statistically significant at one percentage level. This indicates
that the coefficients for SOEs are slightly elevated compared to
those for non-SOEs, with SOEs also exhibiting a higher level of
significance. This suggests that while the policy impacts both firm
types, its effect is more pronounced on SOEs, signifying that
government-implemented CET programs exert a stronger
influence on state-owned entities than on private firms. SOEs
tend to achieve faster green development under the CET policy
for several reasons: Firstly, according to government intervention
theory, state-owned construction enterprises are subject to
stronger government supervision and policy guidance. This
oversight ensures a certain level of efficiency and consistency

TABLE 7 Test result of placebo.

Variables (1) (2)

GTFP (DID 2009) GTFP (DID 2010)

DID2009 0.0044

(0.0040)

DID2010 0.0052

(0.0033)

Scale −0.0008 −0.0008

(0.0011) (0.0011)

ROA 0.0099 0.0095

(0.0075) (0.0074)

Lev 0.0181*** 0.0179***

(0.0047) (0.0047)

Cost 0.0012 0.0008

(0.0063) (0.0063)

CF 0.0015 0.0015

(0.0015) (0.0015)

Capital −0.0003 −0.0003

(0.0006) (0.0006)

Top1 −0.0018 −0.0009

(0.0078) (0.0079)

Constant 0.7497*** 0.7488***

(0.0223) (0.0223)

Observations 1,029 1,029

R-squared 0.9804 0.9805

Number of id 107 107

Firm yes yes

Year yes yes

F value 2,051*** 2,054***

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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in executing national policies. Due to government ownership,
SOEs must balance shareholder interests with the government’s
social and economic objectives, providing greater motivation to
implement carbon reduction policies (Zhu et al., 2016). Secondly,
compared to private enterprises, state-owned construction
enterprises enjoy better social recognition and reputation in
securing financing and technical support. This advantage
facilitates more effective participation in carbon trading
markets and investment in clean technologies. Additionally,
SOEs typically have long-term development strategies and a
stronger sense of social responsibility, focusing not only on
short-term profits but also on long-term sustainability and
environmental protection. Most SOEs align their long-term
plans with national strategic plans, which makes them more

inclined to engage in carbon trading policies and actively
reduce emissions. Lastly, SOEs often have strict organizational
cultures and regulatory systems, ensuring greater compliance
with carbon trading policies and reducing violations. Moreover,
significant social and political pressures, along with a self-
demonstration effect, drive SOEs to execute green transitions
more rigorously and comprehensively.

6.3 Financial structure perspectives

Based on financial leverage theory, incurring debt could
shrink the capital expenditure associated with conducting
business operations, thereby aiding in the enhancement of a

TABLE 8 Potential lagged effect results for CET.

Variables (1) (2) (3) (4)

GTFP (kernel) GTFP (neighbor) GTFP (radius) GTFP

DID 0.0090*** 0.0107*** 0.0089***

(0.0024) (0.0038) (0.0023)

L.DID 0.0111***

(0.0022)

Scale −0.0002 0.0001 −0.0004 −0.0002

(0.0011) (0.0017) (0.0011) (0.0010)

ROA 0.0092 0.0139 0.0088 0.0117

(0.0095) (0.0170) (0.0074) (0.0073)

Lev 0.0169*** 0.0094 0.0168*** 0.0149***

(0.0055) (0.0096) (0.0047) (0.0048)

Cost 0.0023 0.0056 0.0018 0.0012

(0.0077) (0.0099) (0.0062) (0.0060)

CF 0.0106 0.0262** 0.0017 0.0016

(0.0077) (0.0122) (0.0015) (0.0014)

Capital −0.0003 −0.0005 −0.0003 −0.0006

(0.0006) (0.0010) (0.0006) (0.0006)

Top1 0.0036 −0.0115 0.0027 0.0076

(0.0082) (0.0130) (0.0079) (0.0078)

Constant 0.7358*** 0.7404*** 0.7416*** 1.1102***

(0.0240) (0.0354) (0.0222) (0.0239)

Observations 1,022 527 1,029 922

R-squared 0.9804 0.9783 0.9807 0.9811

Number of id 107 102 107 98

Firm yes yes yes yes

Year yes yes yes yes

F value 2,033*** 823.9*** 2,082*** 1,986***

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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firm’s profitability. For managers, a higher debt ratio means a
greater concentration of equity, enabling shareholders to obtain a
larger share of the profits from projects. This is particularly
relevant in construction firms that have an appetite for risk, as
an increased proportion of debt can lead to investments in
higher-risk projects. This research categorizes construction
firms into high and low debt groups based on their debt-to-
asset ratio median values, conducting distinct regression analyses
for each. The aim is to ascertain the differential impact of the CET
program on companies with varied debt levels. As illustrated in
Table 10’s fifth and sixth columns, coefficient of construction
firms regarding high level debt is notably significant in one
percentage level, whereas for those in low level debt, it is
remarkably significant with five percentage level. Moreover,
the modulus for high level debt data are marginally bigger
than that for the low level debt, suggesting a more
pronounced level of significance. This demonstrates that the
policy significantly impacts both groups, with notably higher
efficiency for high-debt companies. This indicates that the CET
policy exerts a remarkable influence on GTFP of construction
companies with high level debt than those in low level. Such effect
could be mainly attributed to the interpretation that a high debt
ratio reflects a firm’s optimism regarding its future profitability.
Markets tend to favor working with such companies, which in
turn can promote the enhancement of their GTFP. In addition,
By analyzing previous research and incorporating the findings, it

is evident that construction enterprises with high levels of debt
may face significant financial pressure and a need for stringent
cost control. Carbon trading policies offer the opportunity to
generate additional revenue through emission reductions, which
is particularly attractive to highly indebted enterprises.
Consequently, these firms are likely to be more motivated to
actively participate in carbon trading (Lu Y et al.).

6.4 Geographical location perspectives

Since China has a vast land, there are significant
developmental gaps between its eastern and western regions,
which are reflected in the construction industry’s varying
responses to the CET pilot policy. As a result, this study
divides enterprises into three categories based on their
geographical location: eastern, middle, and western. Table 11
presents the experimental data, including experimental
consequence for different regions (eastern, middle, and
western) in columns 1, 2, and 3, respectively. The results
reveal that the policy effect is remarkable at one percentage
level in the eastern region, whereas the consequence for
middle and western area are not significant. The results
indicates that policy’s impact is more effective in the eastern
rather than middle and western areas. The lack of significant
interaction term coefficients for middle and western areas
indicates that to be a new carbon emission reduction tool,
CET, is more evident in well-developed areas. As for middle
and western regions, still depending on traditional, energy-
intensive construction processes and boasting less vibrant
marketplaces, are not fully reaping the advantages of novel
programs like CET.

6.5 Official subsides perspectives

Whether a firm receives government subsidies can impact its
business operations to a certain extent. This study incorporates a
dummy variable for government subsidies to assess the differences
in policy effects for construction businesses that get them vs. those
that do not. It splits the sample data into two groups: firms that
receive government subsidies and those that do not, and then runs
simple regression analysis on each. As depicted in columns 4 and
5 of Table 11, the interaction term coefficient for enterprises that
receive government subsidies is remarkably positive in one
percentage level. The consequence indicates a substantial policy
effect on these subsidized businesses in advanced regions. This
phenomenon may occur because construction firms that receive
government subsidies can leverage this financial support to enhance
their capacity for innovation and management. This can lead to
continual improvement in their GTFP and promote overall
corporate performance enhancement. This conclusion has been
confirmed in the photovoltaic industry. Numerous scholars (Li
et al., 2022) have found that subsidies, as a policy tool, have
strongly promoted the development of emerging green industries.
However, this significant impact is only evident in the early stages of
the industry, with less noticeable effects during the intermediate and
mature stages (Nordensvard et al., 2018; Wang Z. et al., 2018).

TABLE 9 Mechanism test result.

Variables (1) GTFP (2) GTFP

DIDInv 0.0027*** (0.0009)

GreInv −0.0016* (0.0009)

DIDUm 0.0026*** (0.0009)

GreUm −0.0002 (0.0009)

DID 0.0045 (0.0028) 0.0040 (0.0028)

Scale −0.0002 (0.0011) −0.0004 (0.0011)

ROA 0.0080 (0.0074) 0.0071 (0.0074)

Lev 0.0180*** (0.0047) 0.0182*** (0.0047)

Cost 0.0014 (0.0062) 0.0012 (0.0062)

CF 0.0015 (0.0015) 0.0017 (0.0015)

Capital −0.0004 −0.0006

Top1 0.0032 (0.0079) 0.0032 (0.0078)

Constant 0.7363*** (0.0224) 0.7429*** (0.0227)

Observations 1,029 1,029

R-squared 0.9809 0.9810

Number of id 107 107

Firm yes yes

Year yes yes

F value 1923*** 1930***

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Frontiers in Environmental Science frontiersin.org15

Tian et al. 10.3389/fenvs.2024.1414086

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1414086


TABLE 11 Heterogeneity analysis result.

Variables (1) GTFP (East) (2) GTFP (middle) (3) GTFP (West) (4) GTFP (YES) (5) GTFP (NO)
DID 0.0078*** (0.0030) 0.0060 (0.0092) −0.0006 (0.0064) 0.0099*** (0.0026) −0.0234 (0.0222)

Scale 0.0001 (0.0012) −0.0031 (0.0042) 0.0041* (0.0022) −0.0006 (0.0011) 0.0051 (0.0144)

ROA 0.0095 (0.0079) 0.0136 (0.0334) −0.0452 (0.0833) 0.00102 (0.0094) −0.0239 (0.0363)

Lev 0.0148*** (0.0051) 0.0322 (0.0220) −0.0041 (0.0167) 0.0182*** (0.0051) −0.0314 (0.0450)

Cost −0.0003 (0.0078) 0.0069 (0.0150) 0.0937 (0.0599) 0.0034 (0.0091) −0.0076 (0.0262)

CF 0.0010 (0.0016) 0.0231 (0.0225) 0.0023 (0.0323) 0.0019 (0.0015) 0.0161 (0.0337)

Capital −0.0000 (0.0015) −0.0030 (0.0026) −0.0035 (0.0028) −0.0004 (0.0008) 0.0004 (0.0039)

Top1 0.0048 (0.0097) −0.0141 (0.0274) −0.0044 (0.0116) 0.0079 (0.0082) −0.1563 (0.1411)

Constant 0.7261** (0.0251) 0.8277*** (0.0933) 0.6803*** (0.0452) 0.7483*** (0.0240) 0.7081*** (0.2992)

Observations 807 131 91 964 65

R-squared 0.9802 0.9855 0.9890 0.9787 0.9763

Number of id 84 13 10 107 25

Firm yes yes yes yes yes

Year yes yes yes yes yes

F value 1, 575*** 295.8*** 262.9*** 1, 741*** 50.31***

Standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 10 Heterogeneity analysis result.

Variables (1) (BigSize) (2) GTFP
(SmallSize)

(3) GTFP
(State)

(4) GTFP
(Private)

(5) GTFP
(HighLev)

(6) GTFP
(LowLev)

DID 0.0112*** (0.0042) 0.0052 (0.0040) 0.0108*** (0.0031) 0.0092** (0.0040) 0.0133*** (0.0034) 0.0100** (0.0040)

Scale 0.0012 (0.0023) −0.0003 (0.0023) −0.0005 (0.0018) 0.0009 (0.0025) −0.0025 (0.0019) 0.0011 (0.0025)

ROA 0.0651** (0.0286) 0.0058 (0.0081) 0.0059 (0.0161) 0.0110 (0.0109) 0.0115 (0.0132) 0.0009 (0.0122)

Lev 0.0111 (0.0165) 0.0207*** (0.0064) 0.0136 (0.0090) 0.0141** (0.0071) 0.0161 (0.0104) 0.0219** (0.0100)

Cost 0.0233 (0.0250) 0.0016 (0.0070) 0.0065 (0.0107) 0.0010 (0.0097) 0.0004 (0.0112) 0.0030 (0.0108)

CF 0.0142 (0.0141) 0.0015 (0.0018) 0.0137 (0.0098) 0.0022 (0.0029) 0.0027* (0.0016) 0.0054 (0.0106)

Capital −0.0017 (0.0015) −0.0006 (0.0008) −0.0027** (0.0013) 0.0004 (0.0008) −0.0023 (0.0015) −0.0003 (0.0009)

Top1 0.0080 (0.0120) −0.0225 (0.0150) 0.0074 (0.0096) 0.0079 (0.0204) 0.0079 (0.0107) −0.0129 (0.0167)

Constant 0.7097*** (0.0494) 0.7528*** (0.0453) 0.7697*** (0.0414) 0.7015*** (0.0538) 0.8009*** (0.0438) 0.7179*** (0.0514)

Observations 514 515 530 499 514 515

R-squared 0.9751 0.9693 0.9846 0.9726 0.9812 0.9727

Number of id 66 88 53 71 75 85

Firm yes yes yes yes yes yes

Year yes yes yes yes yes yes

F value 757.3*** 580.4*** 1320*** 654*** 986.9*** 659.9***

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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7 Conclusion and policy
recommendations

7.1 Conclusion

As global climate change worsens, carbon trading is increasingly
recognized as a critical environmental management and control
technique for mitigating the negative consequences of economic
activity on the climate. Additionally, considering the vital role of the
building industry in human survival, supporting green and sustainable
development in this sector is critical to the existing economic and social
framework. Thus, investigating the response of construction firms’
green development situation to the implementation of CET policies
is critical for their harmonious development. This research analyzes
data from construction firms listed on the Shanghai and Shenzhen
A-share and ChiNext markets between 2007 and 2022. It utilizes DID
andmediation effectmodels to empirically explore the influence of CET
on the green development situation of Chinese construction companies,
aiming to elucidate the underlying mechanisms. The key finding is that
the CET policy significantly enhances the GTFP of these firms.
Additionally, green technology innovation serves as a pivotal
mechanism through which CET policy influences the GTFP of these
enterprises. According to the analysis, the carbon emissions pricing plan
benefits larger-scale, state-owned, and deeply indebted construction
businesses more. Furthermore, enterprises in China’s eastern regions
show a greater improvement in GTFP than those in the middle and
western areas. This research indicates that CET could enhance the green
development level of construction firms in China and it is necessary to
adjust the policy according to different situation of firms.

7.2 Practical implications

Reflecting on and focusing on the implementation of CET
policies in developed regions can provide valuable lessons for
developing countries and regions. For example, the development
of CET policies in the European Union has had different impacts on
enterprises at different stages. Andreou and Kellard (2021) found
that companies with proactive environmental behaviors under the
EU ETS performed poorly financially. From the first to the second
phase, the EU Emissions Trading System (ETS) harmed corporate
profits (Abrell et al., 2011). In the third phase of the EU ETS, the
motivation for companies to improve production efficiency may not
have improved (Carratù et al., 2020). If the carbon emission trading
system becomes more stringent, high-emission enterprises are more
likely to divest and relocate (Genovese and Tvinnereim, 2019).
Conversely, some scholars have found that companies
participating in CET could pass the additional costs onto
consumers through product pricing, leading to increased
turnover (Marin et al., 2018). Regarding China’s specific national
conditions, construction enterprises transitioning from traditional
operational models to green low-carbon models will inevitably incur
costs, which will likely be borne by consumers (Zhang and Wang,
2021). Timely monitoring of the effects of construction enterprises
participating in carbon trading policies is crucial for maintaining the
effectiveness of these policies.

This study proposes an evaluation and impact tracking
mechanism for the implementation of CET policies, establishing

a post-evaluation framework andmodel for construction enterprises
participating in carbon trading policies. Based on the results of this
study, green innovation has a positive impact on enhancing the
green development levels of construction enterprises. Therefore,
government departments should implement incentive policies for
green patent inventions and utility models or regularly hold
invention competitions to stimulate technological innovation. For
bidding units, adding green innovation as a criterion in standards
can strengthen the requirements for green innovation among
bidders. In corporate management practices, managers should
establish green research departments and collaborate extensively
with research institutions or research-oriented universities. This
“enterprise-university-research institute” collaboration can achieve
synergy and integration of functional and resource advantages,
facilitating the alignment and coupling of upstream, midstream,
and downstream technological innovations. Secondly, the green
development levels in China’s central and western regions lag
significantly behind those in the eastern regions. Therefore,
market regulators should avoid a one-size-fits-all approach when
establishing national standards and promote a virtuous cycle in
which the eastern region drives green development in the central
and western regions. Thirdly, it is recommended that government
departments establish driving and incentive mechanisms at the
current stage. For example, during the bidding process, tendering
units should be encouraged to set green development evaluation
points, giving enterprises with higher green development levels a
better chance of winning contracts. Additionally, this study finds
that state-owned and government-subsidized construction
enterprises show more significant improvements in green
development levels when participating in CET policies. This
suggests that government departments can have state-owned
enterprises take on more leading responsibilities and provide
appropriate subsidies to private construction enterprises to help
them navigate crises. Finally, highly leveraged enterprises also
exhibit significant improvements in green development levels.
Therefore, in practice, banks and financial institutions should be
encouraged to increase the issuance of green loans and financial
derivatives to stimulate enterprises to raise their debt levels, thereby
enhancing their green development levels.

7.3 Suggestion for CET policy

The Chinese CETmarket represents a multifaceted and systemic
endeavor. Based on the findings of this study, it is clear that further
enhancement in strategic planning, market structures, and subsidy
frameworks is necessary within the national carbon market.
Therefore, the following recommendations are proposed: First
and foremost, enhancing the regulations and support
mechanisms of the carbon trading market is essential to ensure
that carbon quota trading occurs in a legal and structured manner in
China. This approach will maximize the effectiveness of carbon
pricing policies in improving firms’ GTFP and assist construction
companies in their transformation and upgrading efforts. The
government should actively promote carbon trading plans to
encourage voluntary compliance and foster a positive market
environment. Additionally, participants in the carbon market
should establish channels for green technology innovation and
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increase their investment in scientific research and technological
development. Government departments should utilize
macroeconomic regulation to strengthen the market mechanism’s
incentive effect on innovative enterprises, creating policy tools that
incentivize green innovation technology. This alignment will
synchronize the influx of social capital with the financial needs of
enterprises for research and development.

Furthermore, there should be a gradual enhancement of the
carbon finance market mechanism to amplify the incentivizing
effect of green finance on carbon trading entities. At present,
China’s national carbon financial market remains in its nascent
phase, characterized by limited activity and public acceptance of
pilot carbon financial product transactions. Consequently, China’s
carbon market development should explore the derivatives market,
forming targeted financial tools to stimulate the active participation
of construction companies in carbon trading and their sustainable
transformation. In addition, the government should increase policy
subsidies for construction companies. When these companies
encounter challenges in their transformation or face existential
threats, the government should provide support funds or tax
incentives to bolster their risk mitigation capacity. Moreover, it is
crucial to reduce the movement of carbon emissions between
regions, which may result from differing regional subsidy
schemes. The subsidy system should act as a catalyst for reducing
carbon emissions. It is also vital to establish a platform for sharing
exemplary practices, highlighting the leading role of large, state-
owned enterprises, particularly those in the Eastern region, within
the carbon trading market. Businesses in Central and Western
China’s less developed carbon markets could benefit from
opportunities for learning and networking through rewards for
exemplary cases and inter-regional conferences. This strategy will
enhance the efficacy of green transformation across society.

Finally, it is imperative to implement differentiated environmental
regulatory strategies tailored to the characteristics of construction
enterprises in different regions of China, considering their varying
sizes, ownership types, and debt levels. Avoiding a one-size-fits-all
regulatory approach is necessary to ensure equitable treatment of
different types of enterprises, fostering a fair competitive
environment that maximizes the effectiveness of environmental
regulations. Additionally, rapidly achieving the decoupling of high
production capacity from high carbon emissions is a critical goal.
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