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Abstract

Based on China’s provincial-level panel data from 2007 to 2023, this study examines the
optimizing effect of environmental regulation on employment structure using a GMM model, and
clarifies its mechanism of action using a mediated effect model. The conclusion shows that the impact
of environmental regulation on employment structure presents multidimensional characteristics.
On the one hand, environmental regulation directly promotes the adjustment of employment
structure; on the other hand, it guides the labor force to gather in environmentally friendly service
industry by forcing the green transformation of industrial structure; at the same time, it promotes
the transfer of labor force to high technology field by stimulating technological innovation of enterprises,
and promotes the evolution of employment structure to knowledge-intensive direction by improving
human capital level. Heterogeneity analysis shows that the marginal effect of environmental regulations
on the industrial structure of employment is limited in China’s eastern coastal economic zone and
regions with high urbanization rates. Moreover, the contribution of enhanced environmental regulatory
intensity to the efficiency of cross-sectoral allocation of labor factors is constrained by the regional

urbanization rate.

Keywords: environmental regulation, employment structure, upgrading of industrial structure,

technological innovation

Introduction

Environmental regulation, as an important means
of reducing environmental pollution, has not only
made an important contribution to the improvement of
environmental quality, but has also had a significant
impact on China’s employment situation, especially in
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driving the adjustment of the employment structure.
According to the China Employment Development
Report (2024), many factors make the job market
face opportunities and challenges, and the change
of employment structure adjustment intensifies.
The report, in particular, emphasized the importance
of promoting ecological civilization and employment
in green development. The Future Employment Report
2025, released by the World Economic Forum, points
out that green transformation promotes industry change,
creates a large number of green jobs, and accelerates



34

Daojun Bi, et al.

the adjustment of employment structure. Among them,
low-carbon industries such as renewable energy, green
buildings, and electric vehicles have created a large
number of jobs. The popularity of digital technology
has also accelerated the shift in skills demand in the job
market, resulting in a significant increase in the demand
for high-skilled jobs.

In recent years, the Chinese government has
continued to promote the construction of environmental
governance capacity, and the changing industrial
structure, technological innovation level, and human
capital level under the effect of environmental regulation
have had a profound impact on the employment
structure. It is worth noting that the process of
environmental pollution control has accelerated the
decline of employment in traditional industries such as
coal, iron, and steel, and green technological innovation
and application have increased the employment ratio
of skilled personnel, alleviating structural employment
conflicts to a certain extent. The study of China’s
experience in promoting the transformation of
employment structure through environmental regulation
in the process of green and low-carbon transformation
can provide a reference for countries around the world
to seize the opportunities of labor market development
while coping with climate change. Therefore, it is
of practical significance for this paper to study the
relationship between environmental regulation and
employment structure.

Existing research on the relationship between
environmental regulation and labor employment
predominantly focuses on the impact of environmental
regulation on employment scale [1-3]. The central debate
in this literature revolves around whether environmental
protection and employment growth can achieve a win-
win scenario, specifically whether environmental
protection necessitates employment sacrifices and
whether the “double dividend” of employment effects
in pollution control activities exists [4-6]. However,
no consensus has been reached. Berman and Bui [7]
and Yu and Li [8] posit that environmental regulation
can simultaneously promote emission reduction,
technological improvement, and production factor
reallocation, thereby generating additional employment
opportunities. Their findings suggest that environmental
regulation can positively influence employment scale
while reducing environmental pollution [9]. Conversely,
opposing views argue that environmental regulation
imposes substantial costs on enterprises, leading
to increased unemployment [10, 11]. An alternative
perspective suggests that the impact of environmental
regulation on employment scale is complex and non-
linear, with outcomes contingent upon factors such as
environmental regulation intensity [12, 13].

As the resource and environmental constraints on
economic development tighten and the green transition
leads to deep changes in the job market, some studies
have begun to try to explore the impact of environmental
regulation on the structure of employment [14, 15].

These studies fall into two categories. The first
category examines the heterogeneity of environmental
regulations. It investigates how different types,
intensities, and implementation stages of environmental
regulations affect employment structure [16, 17]. This
research aims to improve the environmental protection
system design for better employment structure
optimization. For instance, Jiang and Shen [18] based
on China’s provincial panel data, showed that the effects
of command and voluntary environmental regulations
on the employment skill structure exhibit a “U” curve,
while the improvement of market-based environmental
regulations can promote the gradual optimization of
employment structure. The second category focuses
on specific dimensions of employment structure. Most
studies concentrate on skill structure transformation
under environmental regulation [19, 20]. A few
studies have explored changes in industrial structure.
These studies generally agree that strengthening
environmental regulation can improve the employment
absorption capacity of the service industry [21, 22].
It is also argued that environmental regulation
accelerates the coordination between the employment
structure and industrial structure, and optimizes the
employment and industrial structures [23-25].

Previous literature provides valuable insights
for this study. However, research on the relationship
between environmental regulation and employment
structure requires further development. Specifically, the
theoretical mechanisms through which environmental
regulation affects employment structure need deeper
exploration.  Additionally, —more  comprehensive
measurement methods for employment structure are
necessary. This study makes three main contributions.
First, it theoretically expands the understanding of
environmental regulation’s impact on employment
structure by examining both direct and indirect
mechanisms. Second, this study focuses on the impact
of environmental regulation on employment structure
and comprehensively examines the employment
structure from three levels: industry, sector, and skill,
to more thoroughly measure the changes in China’s
employment structure under environmental regulation.
Third, in terms of research data and methodology,
we measure the levels of environmental regulation
and employment structure with the help of China’s
2007-2023 provincial data, and use a two-stage
GMM model to measure the employment structure
optimization effect of environmental regulation, which
mitigates the endogeneity problem to a certain extent.

This study is structured as follows: firstly, from
a theoretical level, we initially analyze whether
environmental regulation can lead to the optimization
of employment structure. Secondly, in terms of
empirical design and testing, in order to analyze the
employment structure more comprehensively, this
paper adopts China’s provincial panel data and analyzes
the employment structure effect of environmental
regulation at the industry level, sectoral level, and skill
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level with the help of a dynamic panel GMM model.
It also discusses the heterogeneity of the employment
structure effect of environmental regulations based
on the differences in regions, economic development
levels, and urbanization levels. Finally, the specific
mechanism by which environmental regulation affects
employment structure is examined, and corresponding
countermeasures are proposed.

Theoretical Analysis

The solution to the problem of employment
structure has become the key to improving the quality
of employment, and therefore, the implementation of
environmental policy also needs to pay attention to
changes in the structure of employment. On the one
hand, environmental regulation can directly affect the
allocation of labor factors, and the distribution of labor
in different industries and trades directly reflects the
changes in the employment structure. On the other hand,
the upgrading of industrial structure, technological
innovation, and the improvement of human capital
under environmental regulation are important factors
affecting the transformation of employment structure.
Therefore, the mechanism of environmental regulation
on the employment structure of the labor force can be
divided into two categories: direct and indirect effects;
the specific mechanism is shown in Fig. 1.

Direct Mechanisms

Environmental regulations directly affect the
structure of employment through labor allocation effects
in two main ways. The first is the cost effect, as stricter
environmental regulations increase firms’ production
costs. This puts pressure on energy-intensive polluting
industries in particular, forcing some firms to shut
down and leading to a reduction in the labor force in
traditional industries [26, 27]. As a result, there was an
immediate restructuring of employment at the industrial
level. In addition, the closure of these industrial firms
disproportionately affects middle/low-skilled workers,
driving short-term labor migration to the service sector.
For example, when firms face long-term environmental

shutdowns, displaced workers tend to shift to the
catering and food distribution services sector [28].
While environmental regulations spur green job
creation, these emerging jobs require higher skill levels.
Together, these dynamics reshape the skill structure and
sectoral distribution patterns of employment.

Second, the pollution abatement effect suggests
that firms that endeavor to maintain their operations
increase their pollution control investments, leading to
higher capital intensity. This cleaner production process
elevates the demand for skilled labor [29]. In addition,
environmental compliance requirements and the
operation and maintenance of state-of-the-art equipment
create additional labor demand in the service sector.
These combined effects directly reshape the employment
structure.

Indirect Mechanisms

First, environmental regulation influences industrial-
level employment structure through industrial
upgrading. Increased environmental regulation imposes
higher pollution control costs on pollution-intensive
industries [30, 31]. This cost pressure drives these
industries to adopt cleaner production methods and
transition toward less polluting sectors. Compared with
industry, the service sector has lower energy inputs,
lower pollution emissions, and a stronger absorption
capacity for employment. With the upgrading of
industrial structure, the labor force will also be
transferred from industry to the service industry, so
the employment structure of the labor force at the
industrial level will change as well. Moreover, stringent
environmental regulation accelerates the market exit
of pollution-intensive enterprises while stimulating
environmental protection industries [32]. This dual
process promotes advanced industrial restructuring,
ultimately optimizing employment structure through
industrial transformation.

Second, environmental regulations reshape the
structure of employment at the sectoral level through
technological innovation. It has been shown that
stringent environmental standards can incentivize
firms to increase R&D investment and enhance
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Fig. 1. Mechanisms of environmental regulation affecting the employment structure.
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technological capabilities [33, 34]. Technological
innovation can create new jobs and optimize the
employment structure. For example, the application of
artificial intelligence technology breaks the traditional
employment pattern and increases the labor demand
in high-end manufacturing and service industries.
Governments actively promote green technology
innovation and encourage clean production in the
process of environmental governance. At the same
time, digital technologies (cloud computing, big data,
and Internet applications) have reduced emissions,
improved employment matching efficiency, and changed
the employment structure at the industry level. China
has implemented a series of policies to encourage
technological innovation, such as the establishment
of high-tech industrial parks and e-commerce
demonstration cities, where high-tech enterprises
are clustered in the region [35]. This agglomeration
has generated knowledge spillover effects, and the spread
of technological innovation and advanced equipment
has eliminated some jobs in high-pollution industries
and led to more employment in high-technology sectors.

Third, environmental regulations reshape the
structure of employment at the skill level by increasing
human capital. Strict environmental standards promote
the accumulation of human capital by improving public
health, raising public awareness of environmental
protection, and attracting highly skilled labor to move in.
Human capital is an important factor in optimizing the
employment structure of the labor force, which improves
the skills of the labor force, sends a large number of
workers with new knowledge and new technologies
to the emerging industries, guarantees the effective
supply of the labor force, and promotes the development
of the employment structure of the labor force in the
direction of high skills [36]. Accompanied by the
continuous improvement of environmental standards,
the creation of new production processes and procedures
increases the demand for high-skilled labor [37].
The enhancement of human capital under environmental
regulation helps low-skilled workers transition into high-
skilled labor through education and training to adapt to
the new needs of the market, so that the employment
structure gradually develops in the direction of high
skills.

Materials and Methods
Research Methods

Guided by the theoretical analysis, this section
explores two key research questions: the relationship
between environmental regulation and the structure of
employment, and whether environmental regulation
contributes to the optimization of the structure of
employment through specific transmission channels.
In order to examine these questions systematically, the
modeling consists of the following key components.

First, we empirically examine the specific
relationship between environmental regulation and
employment structure. Theoretical analysis suggests
that environmental regulation exerts both direct effects
on employment structure. Accounting for employment
structure rigidity, we incorporate the one-period
lagged term of employment structure as an explanatory
variable, constructing the following dynamic panel
model:

Ems; = ag + ay Ems;_q +azER; +yY.CVy
+A; + ue + g (1)

Ems, is the explanatory variable of employment
structure, which represents the employment structure
of province i in year t, including three dimensions of
industry, sector, and skill employment structure. ER,
denotes the intensity of environmental regulation of
province i in year t. CV,_ denotes a series of control
variables affecting employment structure. 4. is the fixed
effect of year, u is the fixed effect of provinces, and ¢, is
a random error term.

The mechanism of environmental regulation on
employment structure adopts the mediation effect
model. The specific model setup is as follows.

Medl't = Qy + alMedit_l + azERit + a3ZCVit
+Azi + Uar + E21¢ )

Ems;; = ag + a1 Ems;;_4 + a, ER;; + azMed;;

T, X CVie + A3 + pze + €3¢ 3)

Equation (1) measures the direct effect of
environmental regulation on employment structure.
Equation (2) takes the mediator variable Med, as the
explanatory variable and includes three variables:
industrial structure upgrading, technological innovation,
and human capital. Equation (3) takes the employment
structure as the dependent variables and incorporates
the mediating variables into the explanatory variables
to illustrate the impact of environmental regulation on
the employment structure at different levels through
different mediating variables and to verify the indirect
effect of environmental regulation on the employment
structure.

Variable Description and Data
Measurement of Variables

Dependent ~ Variable:  Employment  Structure
(Ems). To comprehensively capture employment
structure dynamics, we measure it across three
dimensions. At the industrial level, we use the ratio
of tertiary to secondary sector employment. For
sectoral composition, we employ the share of high-tech
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industry employment, encompassing both advanced
manufacturing and high-end services. Advanced
manufacturing data are derived from the annual average
employment in high-tech industries, as reported in the
China High-Tech Industry Statistical Yearbook. High-
end services employment is calculated as the sum of
four sectors: scientific research and technical services;
information transmission, computer services, and
software; finance; and leasing and business services.
Skill-level employment structure is measured by the
ratio of high-skilled to medium/low-skilled workers,
with high-skilled employment represented by the
proportion of workers holding college diplomas,
bachelor’s degrees, or postgraduate qualifications.

Explanatory Variable: Environmental Regulation
(ER). Environmental regulation represents the strength
of environmental protection and environmental policy
objectives. The existing literature uses a variety of
means to measure the level of environmental regulation.
This paper firstly adopts the proportion of investment in
pollution control in each province to GDP to represent
environmental regulation. Secondly, in order to maintain
the reliability of the conclusion, in the robustness test
part, this paper adopts the environmental regulation
intensity, measured based on the textual analysis of
government work reports, as a replacement variable for
the analysis. The government work report of each region
reflects the strength of environmental regulation as well
as the full picture of governance policies in that year.
Therefore, to construct the environmental regulation
intensity variable, we count the frequency of terms
related to ‘environmental regulation’ in the government
work reports of each province in the past years. Specific
terms include: “environmental protection, low carbon,
air, green, PM, , pollution” and 15 other terms.

Mediating  Variables. Guided by theoretical
mechanisms, we employ three mediators: industrial
structure upgrading (Ins), technological innovation
(Tec), and human capital (Hum). Industrial upgrading
is measured by the ratio of tertiary to secondary sector
output value. Technological innovation is represented by
the high-tech industry’s new product sales revenue as a
percentage of GDP. Human capital is quantified using
the education-year approach, calculated as the average
years of schooling for populations aged six and above at
the provincial level [38]. Following China’s educational
system, we assign 6 years for primary school, 9 for
junior secondary, 12 for senior secondary, and 16 for
college education and above. The specific calculation
method is as follows:

Hum =51X6+5s2X9 +s3X12+54X16 (4)

In Equation (4), sl, s2, s3, and s4 represent the
proportions of the population aged six and above with
primary school, junior secondary, senior secondary, and
college or higher education levels, respectively.

Control Variables. We account for additional factors
influencing  employment structure.  Urbanization

rate (Urban) is measured by the proportion of urban
permanent residents, reflecting labor supply expansion.
Trade openness (Open), represented by the ratio of
import-export volume to GDP (converted using annual
average exchange rates), captures regional economic
dynamics and labor mobility. Employment training
(Train) is proxied by the proportion of trainees in
employment training centers, indicating workforce skill
development. Investment level (Invest) is measured by
fixed asset investment as a percentage of GDP, reflecting
capital-driven  structural changes. Transportation
accessibility (Traffic) is represented by passenger
volume per capita, indicating regional connectivity.

Data

In accordance with data availability and consistency,
this study uses panel data from 2007-2023 for 30
provinces, municipalities, and autonomous regions
in China, excluding Hong Kong, Macao, Taiwan,
and Tibet. The data on labor and employment in each
province, city and autonomous region are mainly from
China Population and Employment Statistical Yearbook,
China Labor Statistical Yearbook, and China Urban
Statistical Yearbook, while the data on environmental
regulation and industrial structure upgrading are mainly
from China Regional Economic Statistical Yearbook,
China Environmental Statistical Yearbook, and Express
Professional Superior (EPS) Data. The value variables
are deflated using 2007 as the base period to eliminate
the effect of inflation. Descriptive statistics of the
variables are shown in Table 1.

Results and Discussion
Baseline Regression Results

Accounting for employment structure rigidity and
following the empirical model specification in Equation
(1), we employ a two-step difference GMM approach
for dynamic panel analysis at the provincial level,
with results presented in Table 2. Columns (1) and (2)
report regression results for industrial-level employment
structure, with column (1) excluding control variables.
Columns (3) and (4) present results for sectoral-level
employment structure, while Columns (5) to (6) display
findings for skill-level employment structure.

The regression results in Table 2 yield three key
findings. First, diagnostic tests confirm the model’s
validity: the p-values for AR (1) statistics are consistently
below 0.1, while those for AR (2) exceed 0.1, indicating
no second-order autocorrelation. Hansen test results
further validate the appropriateness of instrumental
variables. Second, the positive and statistically
significant coefficients of environmental regulation (ER)
across all specifications suggest that environmental
regulation generally promotes employment structure
optimization.
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Table 1. Definitions, indicators, and descriptive statistics of the variables.

Variables Description Samples Mean Std.Dev Min Max
Esin Industry employment structure 510 0.701 0.271 0.164 1.481
Essh Sectoral employment structure 510 0.078 0.242 0.013 0.247
Essk Skill employment structure 510 0.190 0.197 0.024 1.649

ER Environmental regulation 510 1.361 0.721 0.300 4.240

Ins Industrial structure upgrade 510 0.830 0.539 0.401 5.061
Tec Technological innovation 510 9.176 1.688 4.248 13.176
Hum Human capital 510 0.770 0.063 0.523 0.875
Urban Urbanization rate 510 0.536 0.144 0.269 0.896
Open Trade openness 510 0.321 0.412 0.043 1.814
Train Employment training 510 14.210 9.730 2.100 62.200
Invest Investment level 510 0.494 0.229 0.190 1.309
Traffic Transport accessibility 510 12.050 0.855 9.129 14.126

Table 2. Baseline regression results.
Esin Essh Essk
Variables
) 2 3) “ ) (6)

L. Ems 0.922%** 0.626%** 0.628%** 0.535%** 0.833*** 0.250%***
’ (0.058) (0.112) (0.056) (0.068) (0.050) (0.002)
ER 0.038*** 0.043** 0.005%** 0.002%* 0.038** 0.012%**

(0.010) (0.018) (0.002) (0.001) (0.017) (0.003)

Urban 0.018*** 0.036 0.004

(0.006) (0.021) (0.002)
Oven 0.049 0.061*** 0.007
P (0.055) (0.021) (0.006)
Train 0.007* 0.007*** 0.019%**
(0.004) (0.002) (0.003)
Invest 0.031 0.001 -0.036%**
(0.067) (0.041) (0.003)
Traffic 0.038 0.002* 0.032%*
(0.040) (0.001) (0.018)

AR (1) 0.012 0.030 0.040 0.060 0.067 0.051

AR (2) 0.584 0.704 0.567 0.783 0.751 0.431

Hansen 0.523 0.700 0.421 0.921 0.471 0.553
N 450 450 450 450 450 450

Note: *** ** and * indicate significant at the 1%, 5%, and 10% levels, respectively, with standard error statistics in parentheses;
the values corresponding to AR and Hansen tests are reported as prob>z and prob>chi2, respectively.

The empirical results reveal three distinct patterns
of employment structure transformation driven by
environmental regulation. At the industrial level, stricter
environmental standards accelerate the transition
from industrialization to service-oriented economies,
evidenced by increasing tertiary sector employment.
Sectoral-level analysis demonstrates that environmental
regulation enhances employment shares in high-tech
industries through technological innovation, as firms
offset pollution control costs with innovation-driven

efficiency gains. Skill-level dynamics show a rising ratio

of high-skilled to low-skilled employment, indicating

a structural shift toward skill-intensive labor markets.
Robustness Test

Alternative Estimation Methods

In the baseline regression part of the paper,
a two-stage dynamic panel GMM approach is used
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to analyze the relationship between environmental
regulation and labor force employment structure at
three levels. To ensure the robustness of the findings,
a systematic GMM approach is used for robustness
testing. The results are shown in Table 3.

From the empirical results in Table 3, after changing
the estimation method, the coefficients of environmental
regulation on different levels of employment structure
are still significantly positive, which is consistent
with the results of the benchmark regression. This
indicates that environmental regulation can promote the
optimization of employment structure, and the research
conclusion is robust.

Alternative Core Explanatory Variables

To further validate the robustness of our findings and
reduce possible measurement bias in the environmental
regulatory indicators, we reconstructed the core
explanatory variables and re-estimated the baseline
model. As shown in Table 4, the new ERS variables are

Table 3. Estimation results of changing estimation methods.

, (D 2 (3)
Variables
Esin Essh Essk
L. Ems 1.089%3%* 1.021%%%* 1.078%%%*
’ (0.017) (0.005) (0.001)
ER 0.029%** 0.086%** 0.037***
(0.010) (0.031) (0.001)
Control YES YES YES
variables
AR (1) 0.010 0.030 0.083
AR (2) 0.599 0.610 0.589
Hansen 0.773 0.654 0.698
N 480 480 480

Table 4. Estimation results of changing the explanatory variable

derived from textual analyses of provincial government
work reports, and we quantify environmental regulatory
intensity by calculating the frequency of occurrence of
ecological protection-related sentences in annual policy
documents.

The results show that after substituting the core
explanatory  variables, environmental regulation
maintains a statistically significant positive effect on
the multidimensional employment structure (industry,
sector, and skill level), consistent with the baseline
regression results. This result confirms the reliability of
our conclusions on the optimal effect of environmental
regulation on labour market structure.

Endogeneity Treatment

To address potential endogeneity from reverse
causality, we employ an instrumental variable (IV)
approach. Reverse causality may arise because
employment structure optimization could incentivize
provinces to increase pollution control investments,
thereby altering environmental regulation levels.
Reverse causality biases the estimation results.
Following Xu et al. [39], we select the green coverage
rate in built-up areas as the IV for environmental
regulation. The greening coverage rate of built-up areas
is related to environmental regulation and does not
directly affect the employment structure, so, according
to the principle of selecting instrumental variables, it
can be considered that the greening coverage rate of
built-up areas is suitable to be used as an instrumental
variable for environmental regulation.

The results in Table 5 show that the coefficients of
the core explanatory variables are still significantly
positive. This further confirms the positive impact
of environmental regulation on the optimization of
employment structure, thus enhancing the reliability of
the findings of this study.

Table 5. Estimation results of endogeneity treatment.

measurement. (] ) (2) (3)
Variables
(1 2) 3) Esin Essh Essk
Variables
Esin Essh Essk 0.986% 0.807*** 1.017%**
L. Ems )
L Ems 1,089 1.021 %%+ 1.078%* (0.003) (0.001) (0.001)
: (0.017) (0.005) (0.001)
0.086%** 0.011%* 0.014%%%
ER 0.029%%** 0.086%** 0.037%%* v
(0.010) (0.031) (0.001) (0.005) (0.006) (0.003)
Control YES YES YES Control YES YES YES
variables variables
AR (1) 0.010 0.030 0.083 AR (1) 0.012 0.034 0.086
AR (2) 0.599 0.610 0.589 AR (2) 0.382 0.538 0.575
Hansen 0.773 0.654 0.698 Hansen 0.799 0.685 0.671
N 480 480 480 N 450 450 450
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Mechanism Examination

In order to verify the indirect mechanism of
environmental regulation on employment structure
proposed in the analysis part of the theoretical
mechanism, this paper adopts the mediation effect model
according to the setup form of Equations (1) to (3) for
verification. The regression results are shown in Tables
6 to 8, which are used to verify the mediating role of
industrial structure upgrading before environmental
regulation and the employment structure at the industry
level of the labor force, the role of technological
innovation between environmental regulation and the
employment structure at the industry level, and the role
of human capital upgrading between environmental
regulation and the employment structure at the skill
level, respectively.

Industrial Structural Upgrading Effects

Based on the regression results in Table 6, it can be
concluded that environmental regulation can affect the
structure of employment by acting on industrial structure
upgrading. Specifically, the regression results in Column
(1) of Table 6 are based on Equation (1), which estimates
the direct effect of environmental regulation on the
industrial structure of employment, consistent with the
results of the benchmark regression. Column (2), when
industrial structure upgrading is used as the explanatory
variable, the environmental regulation variable is
significantly positive, indicating that environmental
regulation plays a facilitating role in industrial structure
upgrading. Column (3) takes industry-level employment
structure as the explanatory variable, and after adding
the mediating variable, the coefficient of environmental

Table 6. Results of the mediating effect of industrial structure
upgrading.

regulation is still significant, and the coefficient of the
industrial structure upgrading variable is significantly
positive. To sum up, the mediating effect exists, and
environmental regulation can not only directly affect
the employment structure at the industry level, but
also have an impact on the employment structure
through industrial structure upgrading. According to
the definition of employment industry structure, with
the increase of environmental regulation intensity, the
employment structure will develop in the direction of
the service industry.

Technological Innovation Effects

In order to verify whether environmental regulation
can have an impact on the structure of labor employment
at the industry level through technological innovation,
this section includes technological innovation (Tec) as
a mediating variable. Column (1) in Table 7 shows the
results of the regression without the mediating variable,
which are consistent with the baseline regression.
Column (2) wuses technological innovation as the
explanatory variable, and the regression results show
that the coefficient of the environmental regulation
variable is significantly positive, which implies that
there is a significant promotion effect of environmental
regulation on technological innovation, verifying
Porter’s hypothesis. According to the regression results
in Column (3), with industry-level employment structure
as the explanatory variable, the estimated coefficient
of the mediating variable, technological innovation, is
positive at 1% significance level. Based on the above
analysis, environmental regulation not only directly
affects the employment structure of the labor force at the
industry level, but also indirectly makes the employment

Table 7. Results of the mediating effect of technological
innovation.

. ey (2) (3) i ey (2) (3)
Variables Variables
Esin Ins Esin Essh Tec Essh
. 0.626*** 0.416%*** 0.535%** 0.514%%*
L. Esin (0.112) (0.013) L. Essh (0.068) (0.003)
0.887%*%%* 0.392%3%%*
L. Ins (0.036) L. Tec (0.098)
ER 0.043%* 0.190%%* 0.025%3%* ER 0.002%* 0.277%%%* 0.002*
(0.018) (0.025) (0.006) (0.001) (0.051) (0.001)
Ins 0.024%*3%%* Tec 0.003*%%*
(0.002) (0.001)
Control YES YES YES Control YES YES YES
variables variables
AR (1) 0.030 0.001 0.044 AR (1) 0.060 0.002 0.054
AR (2) 0.704 0.703 0.371 AR (2) 0.783 0.538 0.740
Hansen 0.700 0.422 0.711 Hansen 0.921 0.476 0.915
N 450 450 450 N 450 450 450
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structure at the industry level develop in the direction of
high technology by promoting the level of technological
innovation.

Human Capital Enhancement Effects

In order to illustrate whether environmental
regulation can drive the employment structure in the
direction of high-skilling through the enhancement of
human capital, human capital is used as a mediating
variable in this section. In Table 8§, Column (1),
with employment skill structure as the explanatory
variable, does not include the mediating variable for
examining the direct effect of environmental regulation
on employment skill structure, consistent with the
benchmark regression. Column (2), with human capital
as the explanatory variable, shows estimation results
indicating that environmental regulation has a significant
effect on the level of human capital. The reason for this
is that higher environmental standards can contribute
to the improvement of the ecological environment,
which is conducive to the increase in the level of human
capital. According to the regression results in Column
(3), the overall effect of environmental regulations on
the employment structure of the labor force at the skill
level remains significant when the employment skill
structure is used as the explanatory variable, and human
capital, as the mediating variable, is added to the model
for regression. From the above analysis, it can be seen
that environmental regulation not only has a direct
impact on the employment structure of labor at the skill
level, but also has an indirect effect on the employment
structure through the human capital effect.

Table 8. Results of the mediating effect of human capital
enhancement.

, )] 2 3)
Variables
Essk Hum Essk
0.250%** 0.730%%**
L. Essk (0.002) (0.010)
0.25] #%%*
L. Hum (0.002)
ER 0.012%** 0.217** 0.006**
(0.003) (0.080) (0.002)
0.013%**
Hum (0.004)
Control YES YES YES
variables
AR (1) 0.051 0.001 0.054
AR (2) 0.431 0.880 0.704
Hansen 0.553 0.418 0.599
N 450 450 450

Heterogeneity Analysis
Heterogeneity of Regions

Due to the differences in geographic location, the
development of various aspects such as industrial
structure and education level varies among regions
in China, which in turn may lead to variability in the
findings of this paper. Therefore, from the perspective
of regional heterogeneity, based on the geographical
distribution of each province, the whole sample is
divided into two sub-samples, the eastern region and
the central and western region, for estimation, and the
estimation results are shown in Table 9.

As shown in Table 9, Columns (1)-(3) present the
relationship between environmental regulation and
employment structures in eastern China. Environmental
regulation significantly enhances sectoral and skill-level
employment structures, consistent with baseline results.
However, its impact on industrial-level employment
structure remains statistically insignificant, potentially
due to eastern regions’ advanced environmental
regulation and industrial structure, coupled with
already high service sector employment shares.
Columns (4)-(6) reveal significantly positive coefficients
for environmental regulation in central-western
China, demonstrating its effectiveness in promoting
employment structure optimization across all three
dimensions.

Heterogeneity of Urbanization

With population growth and economic development,
China’s urbanization level has been increasing, and
is also an important factor influencing labor mobility
between urban and rural areas [40]. For this reason, this
paper uses the proportion of urban population in the
total population to indicate the level of urbanization,
and divides the whole sample into two sub-samples of
high and low urbanization levels according to its median
level, in order to analyze the changes in the structural
effects of environmental regulation on employment
under different levels of urbanization.

In Table 10, Columns (1) to (3) indicate the
relationship between environmental regulation and
employment structure at high urbanization levels. Based
on the results, it can be seen that there is a significant
positive relationship between environmental regulation
and the employment structure of the labor force at
the industry level and skill level, while the effect of
environmental regulation on the employment structure
of the labor force at the industry level is not significant.
According to the regression results in Columns (4) to
(6), environmental regulation can effectively promote
the optimization of the employment structure of the
labor force at the industry level and the skill level
under the low level of urbanization, while its effect on
the employment structure at the industry level is not
obvious. This implies that the impact of environmental
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Table 9. Regional heterogeneity analysis results.

Eastern region Central and western region
Variables (1 2) 3) “ (5) (6
Esin Essh Essk Esin Essh Essk
L. Ems 0.995%** 0.773%** 0.966%** 0.833%** 0.654%** 0.849%**
(0.051) (0.052) (0.125) (0.067) (0.042) (0.045)
ER 0.004 0.002* 0.045%* 0.029%** 0.003*** 0.021%**
(0.014) (0.001) (0.020) (0.012) (0.001) (0.004)
Control variables YES YES YES YES YES YES
AR (1) 0.074 0.012 0.087 0.037 0.031 0.003
AR (2) 0.423 0.416 0.124 0.559 0.704 0.243
Hansen 0.882 0.915 0.799 0.970 0.848 0.916
N 165 165 165 285 285 285
Table 10. Urbanization heterogeneity analysis results.
High urbanization Low urbanization
Variables (e ) (3) “) %) (6)
Esin Essh Essk Esin Essh Essk
L.Ems 0.738*** 0.568*** 0.199%*** 0.267*** 0.627*** 0.020%***
(0.073) (0.059) (0.049) (0.091) (0.109) (0.007)
ER 0.032 0.003** 0.053* 0.142%* 0.003 0.021%***
(0.026) (0.001) (0.027) (0.064) (0.031) (0.004)
Control variables YES YES YES YES YES YES
AR (1) 0.027 0.078 0.037 0.017 0.076 0.004
AR (2) 0.939 0.690 0.424 0.311 0.534 0.494
Hansen 0.883 0.887 0.844 0.861 0.659 0912
N 209 209 209 241 241 241

regulations on employment structure is influenced by
the level of regional urbanization. The reason for this
may be that in regions with a low level of urbanization,
where there is still a large number of laborers in the
countryside as a reserve army, an increase in the intensity
of environmental regulation can have a significant effect
on the industrial structure of employment. However,
in regions with lower levels of urbanization, high-end
industries are not sufficiently developed, and the effect
of increased environmental regulation on the industrial
structure of employment is not obvious.

Conclusions

Promoting the integration of environmental
protection and the high-quality development of
employment, and giving full play to the role of
environmental regulation in optimizing the employment
structure are crucial to solving the employment problem
in the new situation. Based on the provincial panel

data from 2007 to 2023, this paper systematically
examines the changes in employment structure under
environmental regulation at the industry, sector, and
skill levels. It also discusses the heterogeneity of the
findings based on the differences in regions, levels of
economic development, and urbanization.

The main conclusions are as follows. (1)
Environmental regulation has a multi-dimensional
role in promoting the optimization of employment
structure. Specifically, raising the amount of investment
in environmental pollution control is conducive to
accelerating the transformation of industrial structure
in the direction of cleanliness and enhancing the
absorptive capacity of the tertiary industry for labor.
Higher environmental standards stimulate the transfer
of labor to high-end manufacturing and service
industries and increase the number of employees
in high-skill industries. The share of high-skilled
labor under environmental regulation grows steadily.
(2) The mechanism of environmental regulation
affecting employment structure can be divided into
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direct and indirect mechanisms. Industrial structure
upgrading, technological innovation, and human capital
enhancement constitute the three core conduction paths
of environmental regulation on employment structure.
(3) There is obvious heterogeneity in the impact of
environmental regulation on employment structure.
Specifically, the service industry is already relatively
developed in the developed eastern coastal regions,
and the enhancement of environmental regulation has
a limited effect on the optimization of the employment
structure at the industrial level, but it can significantly
promote the shift of the employment structure towards
high technology, and effectively increase the demand for
high-skilled personnel. In addition, under environmental
regulation, the shift of employment structure towards
high technology is more obvious in regions with high
urbanization rates, while regions with low urbanization
rates are more likely to achieve the adjustment of
employment structure at the industry level. This
difference stems from the different dynamic interactions
between regional labor factor reserves and industrial
base under different levels of urbanization.

Implications

Based on the findings of the study, this paper
puts forward policy recommendations for promoting
the optimization of employment structure through
environmental regulation. (1) Optimize employment
structure through multiple channels. Environmental
regulation can promote the optimization of employment
structure through industrial structure innovation,
technological  innovation, and human capital
enhancement. Therefore, localities should pay attention
to industrial structure adjustment while implementing
environmental regulations, and actively play the
role of the tertiary industry in driving employment.
Relying on the digital economy and technological
innovation to promote the development of new and
high-tech industries, it will open up a broader space for
employment. At the same time, strengthen the talent
policy to absorb the inflow of high-skilled talents.
(2) Differentiated environmental regulation strategies
should be adopted in different regions. The central and
western regions need to moderately increase the amount
of investment in environmental pollution control and,
concurrently, should pay attention to the development
of high-tech industries and high-end industries and
strengthen the role of environmental regulation in
the optimization of the structure of the employment
industry and skill structure. The eastern region should
further enhance the level of human capital while
strengthening environmental pollution control to meet
the demand for highly skilled personnel in the green
low-carbon transition. (3) The government should focus
on safeguarding workers’ rights while addressing the
green and low-carbon transformation of the economic
development mode, so as to provide a sustainable and
favorable environment for the optimization of the

employment structure. Regions should actively address
the unemployment problem caused by environmental
regulations, strengthen unemployment protection, and
guide the unemployed to actively participate in green
skills training and return to employment.

Limitations

This study has limitations that warrant further
investigation. First, constrained by provincial-level
macro statistics, we were unable to construct firm-level
employment indicators due to data scarcity on enterprise
environmental investments and disaggregated industry
employment. Future research should develop multi-scale
panel datasets and composite environmental regulation
indices, integrating enforcement intensity and public
responsiveness to elucidate micro-level transmission
mechanisms. Second, while emphasizing regional
heterogeneity, our spatial analysis did not address
inter-jurisdictional policy coordination. Subsequent
studies should employ spatial econometric models to
explore regional synergies in environmental regulation
and conduct cross-national comparative analyses to
refine theoretical frameworks for green employment
transitions.
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