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Abstract

As an environmental policy, the Action Plan of Atmosphere Pollution Control in Beijing-
Tianjin-Hebei and Surrounding Areas in Autumn and Winter (Action Plan of APC) was
implemented in 2017, with the goal of achieving the sustainable growth of the regional
economy. This study examines the effect of the Action Plan of APC on green total factor pro-
ductivity (GTFP) in the Chinese construction industry employing a difference-in-differences
(DID) approach. The findings indicate the following: Firstly, the environmental policy of
the Action Plan of APC has significantly improved the GTFP of the aforementioned areas,
and the result is still valid after robustness testing; secondly, the dynamic effect testing
reveals that the influence follows an increasing trend over time; thirdly, due to the different
degrees of marketization, the influence of the Action Plan of APC on GTFP in Chinese
construction industry exhibits notable regional heterogeneity. From the perspectives of
both the government and enterprises, this study offers recommendations for promoting the
GTFP of China’s construction industry. It also provides a novel framework for assessing
the effect of environmental policies on the GTFP of the Chinese construction industry.

Keywords: air pollution; green growth; GTFP; DID model

1. Introduction
Over the past decade, China has experienced rapid growth and achieved remarkable

accomplishments. In 2023, China’s GDP per capita reached 13,200 US dollars, while the per
capita disposable expenditure rose to 41,300 RMB [1]. However, the extensive development
mode causes a series of problems such as environmental degradation and resource scarcity.
Key factors include the large-scale industrialization development, energy consumption
dominated by petrochemical energy, and a widespread urbanization process, all of which
have contributed to a rise in atmospheric pollutants and building dust, thereby resulting in
serious air pollution problems [2]. Air pollution not only affects China’s economic green
growth but also poses potential risks to people’s physical health. Studies have shown that
air pollution significantly increases the likelihood of citizens suffering from respiratory,
cardiovascular, and cerebrovascular diseases, and may even cause cancer [3–5]. The
Sustainable Development Goals (SDGs), issued by the United Nations in 2015 [6], stress that
the essence of green growth lies in decoupling economic growth from resource consumption
and achieving sustainable development through improved resource productivity. To
promote sustainable development, the Chinese government has set forth the “dual carbon”
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goals. It is clear that air pollution will escalate economic and social costs, hindering China
from achieving its “dual carbon” targets [7]. Hence, air pollution has turned into an
increasingly critical issue for society as a whole.

In order to control air pollution and promote the economic green transition, China has
promulgated many air pollution control policies. In line with international standards, the
Ministry of Environmental Protection introduced the PM2.5 indicator and formulated an
atmosphere pollution control plan in 2012. The 14th Five-Year Plan, enacted by the National
People’s Congress (NPC), clearly states objectives to continuously improve environmental
quality, implement coordinated multi-pollutant management, and establish a cross-regional
coordinated prevention and control mechanism. It also emphasizes the strengthening of
construction dust control and achieving the goal of basically eliminating heavy-pollution
weather [8]. Thanks to the continuous efforts by the government over the years, remarkable
progress has been made in reducing air pollution in specific regions in China.

However, as the largest urban agglomeration, Beijing-Tianjin-Hebei and the surround-
ing areas continue to suffer from severe haze episodes. According to monitored data from
the government, the proportion of days with good air quality in the above regions was
only 56.8% in 2016, which was 22% lower than the average level [9]. Due to the influence of
meteorological conditions and pollution emissions, air pollution in the above regions was
particularly severe during the autumn and winter months. For example, Beijing-Tianjin-
Hebei and the surrounding areas had suffered from prolonged heavy-haze days, with
PM2.5 levels soaring to 135 µg/m3, 2.4 times the concentration found in other provinces. In
response, the government promulgated the Action Plan of Atmosphere Pollution Control
in Beijing-Tianjin-Hebei and Surrounding Areas in Autumn and Winter in 2017 (denoted as
Action Plan of APC). The action plan is a targeted regional environmental policy in China,
aimed at improving GTFP to foster the green growth of the regional economy [10]. To
achieve this goal, the Action Plan of APC involves specific air pollution control measures,
including adjustments to energy and industrial structures, dust control, and staggered
production during heavy pollution days. The implementation of this policy marks a shift
in China’s atmospheric governance from nationwide air pollution control to improving air
quality in key regions. Therefore, as a regional environmental policy, the Action Plan of
APC holds significant research value.

As a fundamental sector, China’s construction industry is a cornerstone in driving
economic growth and elevating the standard of living for its people. In 2024, the added
value of China’s construction sector climbed to 8.9 trillion Yuan, accounting for 6.7% of
the country’s GDP [11]. However, the industry faces significant challenges, including high
resource consumption, high pollution emissions, and low efficiency [12]. Carbon emissions
and dust from the construction sector are major contributors to air pollution [13]. In 2022, a
total of 2.42 billion tons of standard coal equivalents were consumed by the construction
industry, making up 44.8% of China’s total energy consumption. At the same time, the
construction sector is also responsible for 5.13 billion tons of carbon emissions, making up
48.3% of the country’s total carbon emissions [14]. As a major polluter, it is crucial for the
construction industry to realize green growth by improving GTFP [15].

Environmental policies have been widely adopted to regulate China’s economic trans-
formation toward more sustainable pathways. However, scholars hold differing opinions
about the impact of environmental policies on GTFP. Moreover, there is a notable absence
of literature regarding the effect of environmental policies on the GTFP of the construc-
tion industry. In this context, we are particularly concerned with the effect of the Action
Plan of APC on the GTFP of the Chinese construction industry. Specifically, after years of
practice, does the Action Plan of APC help to boost GTFP? Are there any differences in the
regions on GTFP within China’s construction sector? These questions urgently need to be
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explored in theoretical and empirical dimensions. To address them, this paper constructs
a DID approach to estimate the influence of the Action Plan of APC on the GTFP of the
construction industry.

The rest of this study proceeds as follows: Section 2 reviews the literature on
tools of environmental policy and GTFP and offers two hypotheses. Section 3 conducts
methodology and discusses the data sources. Section 4 analyzes the research findings
and demonstrates robustness tests. The final two sections present the conclusions and
recommendations, respectively.

2. Literature and Research Hypotheses
2.1. Literature
2.1.1. Research on the Tools of Environmental Policy

Environmental policy refers to the laws, regulations, and standards established by
the government to protect the environment, prevent pollution, and address other forms
of environmental degradation [16]. In practice, once the issues are clearly defined and the
objectives are clarified, the design and selection of environmental policy tools become key
factors affecting the effectiveness of environmental policies. According to the degree of
compulsion exerted on regulated entities, environmental policy tools can be categorized
into three types: command-and-control tools, economic incentive tools, and voluntary
tools [17]. Command-and-control tools are government-led and rely on the government’s
authority to directly regulate the discharge of pollution and the use of resources. Examples
include the regulation of emission standards, green infrastructure and norms [18], and
the implementation of environmental protection equipment [19]. Economic incentive
tools are measures guided by the government, which uses economic means and market
mechanisms to motivate enterprises to reduce pollution emissions while maximizing
their own interests. Examples of economic incentive tools include environmental taxes,
government subsidies, carbon trading, and pollution discharge permits [20]. Voluntary
tools refer to the commitments or programs that a company voluntarily participates in to
protect the environment [21].

2.1.2. Calculation Method of GTFP

Total factor productivity (TFP), initially introduced by Solow in 1957 [22], is used to
evaluate the contributions of technological progress to economic growth. Nevertheless,
TFP only considers input factors such as capital and labor, without accounting for the
impact of energy use and environmental degradation on productivity [23]. With the
increasingly severe environmental pollution, neglecting its “bad” output can lead to serious
errors in TFP calculation, making it difficult to accurately evaluate economic performance.
Therefore, it is necessary to consider the rigid constraints of environmental pollution on
economic development and incorporate environmental pollution as an unexpected output
into the productivity measurement framework, which is known as GTFP [24,25]. As far
as calculation methods are concerned, there are mainly two approaches applied in the
literature to calculate GTFP: One is stochastic frontier analysis (SFA). Some scholars have
employed SFA to calculate GTFP, such as analyzing the growth of GTFP in the Chinese
industrial sector [26], the regional innovation system efficiency [27], and the economic
growth of prefecture-level cities [28]. Another is data envelopment analysis (DEA) with
the Malmquist index [29–31], which introduces unexpected outputs into the production
function to calculate GTFP. The DEA–Malmquist index has several advantages. It does not
require a specific model form and can handle multiple inputs and outputs. Therefore, The
DEA–Malmquist index is better suited for calculating GTFP. Now, the DEA-Malmquist
index has become a popular approach among scholars to evaluate GTFP in industries such
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as transportation [32], manufacturing [7,33], agriculture [34,35], and the green development
of cities [36].

2.1.3. Research on GTFP of Construction Industry

Scholars at home and abroad have conducted extensive research on GTFP in many
fields. However, there are few of studies on the GTFP of the construction industry. Hu and
Liu [37] utilized the Malmquist approach to study the TFP of the Australian construction
sector over the past 21 years, and their findings showed that construction growth and
carbon reduction could be achieved simultaneously through the learning of techniques
from industry benchmarks. Xiang et al. [38] investigated the GTFP of the construction
industry using the Malmquist-Luenberger approach. Their empirical research indicated
that the GTFP of the construction sector exhibits V-shaped fluctuations. Furthermore,
scholars have also found that the GTFP of the construction sector is relatively low [39] and
exhibits regional heterogeneity [40].

2.1.4. Research on the Impact of Environmental Policy on GTFP

Scholars hold three distinct views regarding the impact of environmental policy on
GTFP. The first view suggests that environmental policy hinders GTFP, based primarily on
the “cost hypothesis” theory. According to this theory, the implementation of environmen-
tal policies may crowd out investment funds, impose additional burdens on enterprises,
and result in negative externalities that hinder economic growth, thereby reducing enter-
prises’ GTFP [41]. Fan et al. [42] found that the implementation of environmental policies
increased compliance costs for enterprises and reduced enterprises’ GTFP. Yan and Yu [43]
found that government subsidy policy could easily lead to policy dependence among
enterprises, which in turn weakened their innovation capabilities and reduced their pro-
duction efficiency. The second view argues that stricter but well-designed environmental
policies (pollutant emission permit trading schemes, market-based environmental taxes,
etc.) can positively influence technological innovation, and improve a firm’s GTFP in the
long run [44]. For example, Shapiro and Walker [45] found the environmental taxes resulted
in a 60% decline in air pollution and enhanced GTFP of the US manufacturing sector during
1990–2008. Yu et al. [46] studied how the NIIDZ policy implementation affected urban
GTFP employing DID methodology. They found that the coefficient of the DID variable is
significantly positive, meaning the enforcement of the NIIDZ policy enhanced urban GTFP.
In addition, the coefficients of control variables, including human capital and urbanization
level, significantly and positively influence urban GTFP. The third view suggests that there
is an uncertain link between environmental policy and GTFP. Li. and Tao. [47] identified a
U-type relationship between environmental policy and productivity, while Wang et al. [48]
revealed an inverted U-type relationship between environmental policy and the GTFP of
industrial firms from 2005 to 2015.

Through the studies mentioned above, it can be found that scholars have directly mea-
sured environmental policies with proxy variables such as environmental taxes, technology
standards, financial subsidies, and then inferred the impact of environmental policies on
GTFP. However, these studies do not clearly reveal the causal effect of environmental
policies on GTFP. In addition, the literature on GTFP has primarily focused on industries
such as manufacturing and agriculture, as well as other fields. Currently, there is a lack
of research exploring how environmental policies influence the GTFP of the construction
industry. This paper uses the Action Plan of APC as a quasi-natural experiment, employing
panel data from 25 Chinese provinces covering the period from 2015 to 2022 to estimate the
policy’s impact on the GTFP of the construction industry of Beijing-Tianjin-Hebei and the
surrounding areas.
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Compared to previous research, the marginal contributions of our study are as follows:
Firstly, the study empirically analyses the influences of the Action Plan of APC on the
GTFP of the construction industry, which expands the research scope in this field. Secondly,
the study explores the relationship between the Action Plan of APC and the GTFP of
the construction industry, effectively addressing the endogenous problems brought by
traditional estimation methods. Thirdly, the study examines the regionally heterogeneous
effects of the Action Plan of APC on the GTFP of the construction industry. In a word, this
research provides a novel framework for assessing the effects of environmental policies on
the GTFP of the construction industry and offers valuable insights for policy formulation
aimed at enhancing the GTFP of the construction industry.

2.2. Research Hypotheses

As an environmental policy, the purpose of the Action Plan of APC is to achieve a win-
win benefit both for economic development and environmental protection by improving
GTFP. This raises the following question: Will the enforcement of the Action Plan of APC
affect the GTFP of the construction industry in Beijing-Tianjin-Hebei and the surrounding
areas? Based on the existing literature and the policy context, this study believes that the
Action Plan of APC will influence the GTFP of the construction industry through multiple
channels. On one hand, in order to cope with this environmental policy, construction enter-
prises must transition from extensive production modes by increasing R&D investments
and adopting green technologies [49]. Nevertheless, these added costs may hinder GTFP
growth in the construction industry in the short term. In the long run, however, technologi-
cal innovation will decrease operational costs, and construction enterprises will gradually
benefit from these advancements [50]. On the other hand, policymakers would offer fi-
nancial support for construction projects that utilize energy-saving technologies to reduce
air pollution. These fiscal incentives can offset construction enterprises’ additional costs
in R&D and pollution control while stimulating their adoption of green technologies [51],
ultimately enhancing GTFP. Therefore, we present the first hypothesis:

Hypothesis 1. As an environmental policy, the Action Plan of APC will improve the GTFP of the
construction industry.

The intensity of the Action Plan of APC’s implementation may vary across regions
within Beijing-Tianjin-Hebei and the surroundings areas. These regions with higher air
pollution likely face stricter environmental regulation than less polluted regions. Similarly,
regional variations in marketization levels may also lead to different responses to environ-
mental policy among construction enterprises [52]. The construction enterprises in highly
marketized regions tend to respond actively to the Action Plan of APC and demonstrate
stronger propensity for technological innovation investments. For example, they would
develop green building materials and adopt energy-saving technologies to reduce pollution
emissions during construction. This will help to improve GTFP. However, in regions with
a low degree of marketization, construction enterprises tend to respond passively to the
Action Plan of APC, lacking motivation for technological innovation. These enterprises
will continue relying on traditional technologies and equipment with higher energy con-
sumption in construction, making it more difficult to improve GTFP. Consequently, the
influence of the Action Plan of APC on the construction industry’s GTFP demonstrates
significant regional heterogeneity. Thus, the second hypothesis is put forward:

Hypothesis 2. The impact of the Action Plan of APC on the GTFP of the construction industry
exhibits significant regional heterogeneity.
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3. Methodology and Data
3.1. Research Model

Compared to previous environmental policies [53–55], the Action Plan of APC pos-
sesses two distinct characteristics. Firstly, its timing: Unlike other environmental policies,
which typically require several years of discussion before being introduced (such as the
policy for the “Five-Year-Plan”), the Action Plan of APC, as a response to heavy air pol-
lution during the months of autumn and winter in 2016, was launched rapidly in August
2017. Consequently, construction enterprises could neither anticipate the timing of environ-
mental policy implementation, nor effectively intervene in government decision-making
in the short term. Thus, the implementation of the Action Plan of APC constitutes a sig-
nificant exogenous shock to the construction industry. Secondly, in terms of the scope,
the implementation regions of this policy are clearly defined, encompassing only Beijing-
Tianjin-Hebei and its surroundings. The implementation of this policy can be viewed as a
quasi-natural experiment.

Referring to Li et al. [56], this paper estimates the influence of the Action Plan of APC
on the GTFP of the construction industry by employing the difference-in-differences (DID)
model. The DID model is specified as the following:

GTFPit = β0 + β1treati × timet + β2treati + β3timet + β4controlit + µi + λt + εit (1)

In Model (1), GTFPit is the dependent variable, representing the construction indus-
try’s GTFP of province i at time t. treati is the group dummy variable, representing whether
the province is implementing the Action Plan of APC. timet is time dummy variable that
indicates whether this policy has been issued in year t. treati × timet is the core independent
variable, indicating whether the Action Plan of APC has been implemented in province i at
time t. controlit represents the control variables influencing the GTFP of the construction
industry. µi and λt are the regional effect and time effect, respectively. εit is a random
interference term. β0. . .β4 are coefficients to be estimated. To improve the precision of the
analysis, we adopt a fixed-effects DID model to estimate the effect of the Action Plan of
APC on the construction industry’s GTFP.

3.2. Variable Definition
3.2.1. Dependent Variable

The dependent variable is the construction industry’s GTFP, which is measured follow-
ing Giannetti et al. [57] and Krishnan et al. [58] with the Cobb-Douglas production function:

ln CYit = α0t + α1t ln Kit + α2t ln Lit + α3t ln Mit + εit (2)

In Model (2), CY indicates the output value per unit of carbon emissions (billions of
Yuan) from the construction industry. K is capital, measured by construction enterprise
assets (billions of Yuan). L represents labor, measured by the number of construction
industry employees (tens of thousands of people). M signifies the intermediate investment
of the construction industry, measured by the total power of construction machinery and
equipment at year end (tens of thousands of kilowatts). εit is the random term. The model
is regressed with group data by year. The GTFP of the construction sector is derived from
the residuals of the Cobb-Douglas production function.

3.2.2. Independent Variables

Time dummy variable (time): time is set in line with the implementation year of the
Action Plan of APC. Since this policy was implemented in 2017, this study sets time equal
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to 1 for 2017 and later years (i.e., time = 1), while it is equal to 0 for years prior to 2017 (i.e.,
time = 0).

Group dummy variable (treat): With reference to the existing empirical studies of Qian
et al. [59] and Wan et al. [60], this study sets a group dummy variable (treat) based on
whether the province is affected by the Action Plan of APC. If the province is influenced by
the Action Plan of APC, then it is classified into the treatment group (treat = 1). Otherwise,
the province is set as the control group (treat = 0). The treatment group is comprised of six
provinces (with Beijing, Tianjin, Hebei, Shanxi, Shandong, and Henan), which are impacted
by the Action Plan of APC. Considering that the central government issued the Action
Plan of Atmosphere Pollution Control in Yangzi River Delta Region in Autumn and Winter
in November 2018, this study excludes the provinces in the Yangzi River Delta Region to
guarantee that the analysis results reflect the net effect of the Action Plan of APC in 2017.
Additionally, due to the missing data, the Tibet autonomous region is excluded. Therefore,
the remaining 19 provinces (municipalities and autonomous regions) that are not impacted
by the environmental policy are assigned to the control group.

The policy-affected variable (treati × timet): treati × timet, the core independent vari-
able, represents the interaction between timet and treati and is used to measure the action
plan’s impact on the construction industry’s GTFP. If province i is subject to the Action
Plan of APC in year t, then treati × timet is 1 (i.e., treat × time = 1); otherwise, treati × timet

is 0 (i.e., treat × time = 0).

3.2.3. Control Variables

Considering the additional determinants of the construction industry’s GTFP, this
study incorporates five control variables following the existing research [61]: energy con-
sumption structure (Energy), power equipment rate (Power), human capital (Hc), propor-
tion of state-owned economy (Prop), and urbanization rate (Urban). Table 1 shows the
specific definitions of variables.

Table 1. Definitions of variables.

Variable Type Variable Name Definitions

Dependent variable GTFP Green total factor productivity

Independent
variables

time If the year is prior to 2017, then time = 0; otherwise, time = 1

treat Treat = 1 if the province belongs to Beijing-Tianjin-Hebei and the
surrounding areas; otherwise, treat = 0

treat × time If province i implements the Action Plan of APC in year t, then
treat × time = 1; otherwise, treat × time = 0

Control
variables

Energy The share of fossil fuels in total energy consumption
Power The power equipment rate of the construction industry

Hc Labor productivity of construction enterprises (RMB/person)

Prop The proportion of the output value of state-owned construction
companies in the construction sector

Urban The ratio of the urban population to the total population

3.3. Data Resource

In our paper, 2015 to 2022 panel data from 25 Chinese provinces are chosen for
empirical analysis. The missing data are supplemented by the average interpolation method.
The data are sourced from the China Environmental Statistical Yearbook (2016–2023),
the China Statistical Yearbook (2016–2023), the China Construction Industry Statistical
Yearbook (2016–2023), and the statistical yearbook of each province (2016–2023). On the one
hand, the statistical yearbook data are officially compiled by national and local statistical
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authorities, carrying legally binding force that meets academic credibility standards. On
the other hand, these datasets have gained robust validation through scholarly practice,
with their efficacy in China’s environmental policy assessments being substantiated by
peer-reviewed studies [20,62,63].

To mitigate heteroscedasticity, the natural logarithm of the variables GTFP, Power,
and Hc are applied. Table 2 presents the descriptive statistics. Key findings show that the
lnGTFP mean is 1.753 (SD = 0.622), ranging from 0.106 to 3.623. This indicates that lnGTFP
has a significant difference over the sample period. Additionally, the range of fluctuations
for the control variables is also quite large. Therefore, it is essential to examine how the
Action Plan of APC affects the GTFP of the construction industry.

Table 2. Descriptive statistics.

Variables Obs Min Max Mean Median SD

lnGTFP_LP 240 0.106 3.623 1.753 1.711 0.622
Energy 240 0.052 0.925 0.589 0.598 0.168

lnPower 240 0.693 2.944 1.578 1.609 0.510
lnHc 240 12.339 13.591 12.898 12.875 0.269
Prop 240 0.010 0.541 0.167 0.155 0.101

Urban 240 0.429 0.893 0.627 0.610 0.107

4. Empirical Analysis
4.1. Benchmark Regression Results

In accordance with Model (1), we employ a DID approach to measure the influence
of the Action Plan of APC on the GTFP of the construction sector. Table 3 presents the
benchmark analysis, where the dependent variable is lnGTFP of the construction indus-
try calculated via the Panel LP-DID method. Column (1) reveals that the coefficient of
treat × time is 0.149. In contrast, when control variables are incorporated, the regression
coefficient of treat × time in column (6) is 0.085. The benchmark regression results demon-
strate that the coefficients of treat × time are positive at the 1%, 5%, and 10% significance
levels across all columns. This suggests that the GTFP of the construction industry in the
treatment group is significantly increased after the promulgation of the Action Plan of APC.
This result aligns with that of Yang et al. [64], who claimed a 7.4% improvement in GTFP
following environmental policies. The empirical evidence strongly supports Hypothesis 1.

The estimated coefficients for the control variables reveal significant relationships with
the construction industry’s lnGTFP. Firstly, energy consumption structure is negatively
correlated with lnGTFP, and significant at the 1% level, indicating that greater reliance on
petrochemical energy substantially reduces GTFP. At the same time, power equipment
rate (lnPower) is positively correlated with lnGTFP, demonstrating that energy-efficient
equipment adoption effectively enhances green productivity. The human capital (lnHc)
of construction enterprises displays a significantly positive relationship with lnGTFP and
is significant at the level of 1%, suggesting that high-quality workers in construction en-
terprises can quickly understand environmental policy and master green construction
technologies, thus enhancing GTFP. What is more, the state-owned economy proportion
(Prop) correlates negatively with lnGTFP, implying state-owned enterprises’ preference for
extensive production models and comparatively weaker innovation capabilities compared
to private firms. Urbanization is also negatively correlated with the construction industry’s
GTFP, significantly at the 5% level, revealing that urbanization decreases GTFP. Urban-
ization substantially increases infrastructure and building demand, generating significant
construction waste (e.g., concrete, steel, and wood debris) and dust emissions, which are
key factors in reducing the GTFP of the construction industry.
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Table 3. Benchmark regression results.

Variables
lnGTFP_LP lnGTFP_LP lnGTFP_LP lnGTFP_LP lnGTFP_LP lnGTFP_LP

(1) (2) (3) (4) (5) (6)

treat × time 0.149 *** 0.080 * 0.078 * 0.097 ** 0.104 ** 0.085 **
(2.87) (1.94) (1.88) (2.35) (2.46) (1.99)

time1 0.503 *** 0.318 *** 0.327 *** 0.210 *** 0.209 *** 0.359 ***
(11.44) (8.20) (8.30) (3.43) (3.40) (3.77)

treat1 0.000 0.000 0.000 0.000 0.000 0.000
(.) (.) (.) (.) (.) (.)

Energy −1.607 *** −1.597 *** −1.540 *** −1.524 *** −1.520 ***
(−10.42) (−10.36) (−10.01) (−9.83) (−9.90)

lnPower 0.007 0.006 0.007 0.004
(1.22) (1.15) (1.21) (0.71)

lnHc 0.242 ** 0.244 ** 0.283 ***
(2.45) (2.46) (2.82)

Prop −0.171 −0.250
(−0.82) (−1.19)

Urban −2.154 **
(−2.05)

_cons 1.485 *** 2.546 *** 2.501 *** −0.608 ** −0.602 ** 0.156 **
(49.66) (24.36) (22.54) (−0.48) (−0.47) (0.12)

Time fixed
effect Yes Yes Yes Yes Yes Yes

Province fixed
effect Yes Yes Yes Yes Yes Yes

R2 0.945 0.966 0.967 0.968 0.968 0.969
N 208 208 208 208 208 208

Note: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

4.2. Dynamic Effect Test

For assessing the dynamic effects of the Action Plan of APC on the construction indus-
try’s GTFP, this paper introduces new dummy time variables (time2018, time2019, time2020,
time2021, and time2022). Each dummy equals 1 for its respective year (e.g., time2018 = 1 for
2018). Then, the dummy variables time2018 to time2022 are used as interactive items with
the grouped variable “treat”. Table 4 exhibits the results of the dynamic effect test. From
Table 4, we can see that the majority of coefficients of treat × time2018, treat × time2019,
treat × time2020, treat × time2021, and treat × time2022 are significant at the 1%, 5%, and
10% levels, reflecting a strengthening effect on the construction industry’s GTFP over time.

Table 4. The dynamic effect: impact of Action Plan of APC on GTFP.

Variables
lnGTFP_LP lnGTFP_LP lnGTFP_LP lnGTFP_LP

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

treat × time 0.131 ** 0.084 *
(2.24) (1.78)

treat × time2018 0.184 * 0.055
(1.80) (0.94)

treat × time2019 0.294 *** 0.063 *
(2.87) (1.06)

treat × time2020 0.394 *** 0.111 *
(3.85) (1.81)

treat × time2021 0.550 *** 0.131 **
(5.38) (2.11)
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Table 4. Cont.

Variables
lnGTFP_LP lnGTFP_LP lnGTFP_LP lnGTFP_LP

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

treat × time2022 0.647 *** 0.209 ***
(6.32) (3.35)

_cons 1.485 *** 0.408 1.660 *** −3.151 ***
(49.23) (0.31) (93.80) (−3.59)

Control variables No Yes No Yes

Time fixed effect Yes Yes Yes Yes
Province fixed effect Yes Yes Yes Yes

R2 0.944 0.969 0.887 0.965
N 208 208 208 208

Note: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

Based on the evidence, the Action Plan of APC significantly boosted the construction
sector’s GTFP in the treatment group relative to the control group. Furthermore, dynamic
analysis reveals an intensifying impact of the policy on construction GTFP growth in the
treatment group.

4.3. Robustness Test
4.3.1. Parallel Trend Test

The precondition for employing the DID method hinges on satisfying the parallel
trend assumption: Before the Action Plan of APC is executed, the GTFP of the construction
industry in the two groups must maintain a basically parallel change trend. To ensure this
basic assumption, this study takes the implementation year of 2017 for the Action Plan of
APC as the base year and plots the time trend chart of GTFP for both groups.

The parallel trend test is shown in Figure 1. We can see that the GTFP of the con-
struction industry evolves in a statistically parallel manner in the treatment and control
groups before 2017. However, a significant divergence emerges: The treatment group
exhibits accelerated GTFP growth, while the control group maintains gradual improvement
after 2017. This visual evidence supports the validity of the parallel trend assumption,
confirming the appropriateness of the DID specification for our benchmark model.
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Figure 1. Parallel trend test.
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4.3.2. Replacing the Dependent Variable

This study utilizes lnGTFP_FE (fixed-effects method) as a replacement variable for
lnGTFP_LP to recalculate GTFP. Table 5 illustrates the regression results for replacing the
dependent variable. After replacing the dependent variable, the coefficients of treat × time
are positive, with significance levels of 5% and 10%, respectively, verifying the reliability of
the benchmark regression.

Table 5. DID regressions for replacing dependent variable.

Variables
lnGTFP_FE lnGTFP_FE

(1) (2)

treat × time 0.116 ** 0.104 *
(2.06) (1.88)

_cons 2.821 *** 3.827 ***
(97.19) (3.02)

Control variables No Yes

Time fixed effect Yes Yes
Province fixed effect Yes Yes

R2 0.959 0.977
N 208 208

Note: “Control variables” represents the control of a series of control variables; the same below. t statistics in
parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

4.3.3. Counterfactual Test

Referring to Qiu et al. [65], this study changes the year of the Action Plan of APC
implementation to 2016 and 2015, respectively, and constructs a counterfactual framework
to demonstrate the reliability of the causal relationship between the Action Plan of APC’s
implementation and the GTFP of the construction industry. Counterfactual tests have
proved that if the time of the Action Plan of APC implementation was advanced to 2016 or
2015, the coefficients for treat × time2016 and treat × time2015 would both be statistically
insignificant. This suggests that the GTFP growth in the construction industry is caused by
the Action Plan of APC rather than random factors. Therefore, the results of this paper are
quite reliable.

4.3.4. Heterogeneity Test

While empirical results confirm that the Action Plan of APC significantly enhanced
construction GTFP in treated provinces, it should be pointed out that the Action Plan of
APC is a selective environmental policy that mainly relies on government intervention
in enterprises rather than the market. The implementation effect of the Action Plan of
APC is highly correlated with local government intervention in enterprises. Shao [66]
demonstrated that under different degrees of local government intervention, the exertion
effect of CETS policy had great differences. Thus, this study further tests the heterogeneous
effects of the Action Plan of APC on the construction industry’s GTFP in the treatment
group. Following Zhang et al. [67], the Marketization Index for China’s Provinces [68] is
employed to assess the level of local government intervention in construction enterprises
within the treatment group. A lower score in the Marketization Index indicates a higher
level of government intervention in construction enterprises.

Firstly, this study matches the samples using the 2016 data from the Marketization
Index for China’s Provinces. Secondly, based on the Marketization Index of each province
in the treatment group, the samples are divided into two groups: one with a high degree
of marketization (Beijing and Tianjin) and another with a low degree of marketization
(Shangdong, Hebei, Shanxi, Henan). Thirdly, this study constructs a DID model to examine
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the influence of the Action Plan of APC on construction GTFP in the two groups. Table 6
reports the results of group regression.

Table 6. Impact of Action Plan of APC on GTFP of Construction Industry: Group Regression Results.

Groups
Group with High Degree of

Marketization
Group with Low Degree of

Marketization

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

Variables lnGTFP_LP lnGTFP_FE lnGTFP_LP lnGTFP_FE

treat × time 0.237 *** 0.233 *** 0.100 ** 0.105 **
(3.03) (3.01) (1.79) (2.01)

_cons −4.148 *** −0.848 0.667 4.917 ***
(−4.59) (−0.95) (0.36) (2.86)

Control
variables Yes Yes Yes Yes

Time fixed
effect Yes Yes Yes Yes

Province fixed
effect Yes Yes Yes Yes

R2 0.969 0.976 0.958 0.972
N 176 176 192 192

Note: t statistics in parentheses. ** p < 0.05, *** p < 0.01.

Column (1) and column (3) of Table 6 illustrate that the estimated coefficients of
treat × time are significantly positive at the 1% level in the high-marketization group and
at the 5% level in the low-marketization group. Meanwhile, the coefficient of treat × time
in column (1) is greater than that in column (3), which means that the Action Plan of APC
has a more significant influence on the GTFP of the construction industry in the high-
marketization group compared to the low-marketization group. To verify the robustness of
the results, this study substitutes lnGTFP_FE for lnGTFP_LP to recalculate the construction
industry’s GTFP. The coefficient of treat × time in column (2) is larger than that in column
(4), which further supports the robustness of our conclusion. How to explain the interesting
finding? A possible reason is that local governments with a high degree of marketization
can fully utilize market mechanisms to minimize direct intervention in microeconomic
activities, creating a fair policy environment for enterprise competition. This will motivate
construction enterprises to focus on technological innovation and R&D, thereby improving
productivity. Additionally, the pressure of market competition forces construction enter-
prises to reduce costs and adopt green technologies, further enhancing GTFP. In summary,
due to the different degrees of marketization, the influence of the Action Plan of APC on
the GTFP of the construction industry exhibits regional heterogeneity. This result aligns
with the findings of Shao [66], who argues that the role of the carbon emissions policy was
more significant in the high-marketization region than in the low-marketization region. As
a result, Hypothesis H2 is verified in this study.

5. Conclusions
Using the DID model, this study has investigated how the Action Plan of APC imple-

mented in 2017 affected the GTFP of the construction industry from 2015 to 2022 based on
provincial-level data in China. This study leads to the following main findings:

First, our findings indicate that the Action Plan of APC significantly increases the
GTFP of the construction industry in treatment group by 8.5%. The benchmark regression
results are significantly positive, irrespective of whether control variables are included.
Moreover, the conclusion holds up through robustness tests, which supports Hypothesis 1.
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Second, the empirical findings indicate that the control variables have different effects on
the construction industry’s GTFP. The energy consumption structure and urbanization rate
have a negative influence on the construction industry’s GTFP at the 1% and 5% significance
levels, suggesting that a fossil fuel-dominated energy structure and large-scale urbanization
decreased the construction industry’s GTFP. On the other hand, human capital and the rate
of power equipment have a positive influence on the GTFP of the construction industry,
meaning high-quality workers and the use of energy-saving equipment can effectively
improve green productivity. Third, from a dynamic perspective, we introduce new dummy
variables to examine the model’s dynamic impacts. Our findings suggest that the influence
of the Action Plan of APC on the construction industry’s GTFP in the treatment group is
on an upward trend. Fourth, the Action Plan of APC exerts a heterogeneous impact on
GTFP in the treatment group, which supports Hypothesis H2. This study demonstrates
that the high-marketization group (Beijing, Tianjin) experiences a greater policy effect than
the low-marketization group (Shandong, Hebei, Henan, Shanxi).

6. Recommendations
Firstly, the government should expand the implementation of the Action Plan of

APC to more regions to accelerate the green transition of China’s construction industry.
Our empirical findings demonstrate that the Action Plan of APC can boost the GTFP of
the construction industry, indicating that this environmental policy successfully balances
economic development with environmental protection, thereby promoting the green growth
of the construction sector. Therefore, the government should consider extending the scope
of the policy to realize green growth across China’s construction industry.

Secondly, local governments need to transform their functions and fully leverage
market mechanisms. Our empirical study shows that the construction industry’s GTFP is
more positively influenced by the Action Plan of APC in the high-marketization group.
Therefore, the local governments should streamline administration and delegate power,
reduce direct intervention in microeconomic activities, and take more market-oriented
measures to incentivize construction enterprises to reduce pollution emissions, thereby
achieving greener growth in the sector.

Thirdly, construction enterprises should shift towards a production mode driven by
green technology innovation. Construction companies should actively adopt new green
construction technologies, such as construction industrialization, BIM, and intelligent
building technologies, as well as utilize recyclable and renewable building materials. The
adoption of these new technologies and materials can not only transform the energy
consumption structure dominated by petrochemical energy but also effectively reduce
environmental pollution caused by building dust and construction waste.

This study acknowledges two primary limitations. Firstly, while focusing on the action
plan as a key atmospheric governance policy, we have not yet discussed other atmospheric
governance policies that may also influence the construction industry’s GTFP. Future re-
search should assess the synergistic effects of multiple policies on GTFP in the construction
industry. Secondly, there may be mediating mechanisms through which the Action Plan of
APC affects the GTFP of the construction sector, which warrants further exploration.
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