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Indroduction: This study investigates the impact of China’s Low-Carbon City
Pilot (LCCP) policy, characterized by its flexible and “weakly binding” nature, on
Foreign Direct Investment (FDI) patterns.

Methods: We specifically focus on the heterogeneous effects of this flexible
environmental regulation over time and itsmicro-level mechanisms. Employing a
quasi-natural experiment framework and a Difference-in-Differences (DID)
methodology, we analyze city-level panel data and micro-level enterprise
registration data from 2007–2019.

Results: Findings reveal significant temporal heterogeneity: the first LCCP batch
(initiated in 2010) suppressed FDI, while the third batch (2017) promoted it.
Mechanistically, the initial batch deterred the entry of both polluting and high-
tech foreign firms, whereas the later batch encouraged investment expansion by
existing foreign invested enterprises. Furthermore, the policy’s effects are
influenced by FDI saturation, resource endowment, and the rigor of policy
implementation. Contrary to the Pollution Haven Hypothesis, no significant
regional pollution transfer effect was observed; instead, the third batch
stimulated positive FDI spillovers in nearby regions (150–200 km).

Discussion: These results provide empirical evidence on how flexible
environmental policies shape FDI, offering insights for balancing economic
growth and sustainability.
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1 Introduction

The global imperative to mitigate climate change presents a formidable challenge,
particularly for developing nations striving to balance environmental sustainability with
economic growth imperatives. Foreign Direct Investment (FDI) remains a crucial catalyst
for development, yet its sensitivity to environmental regulations creates a significant policy
dilemma, a phenomenon known as the “Pollution Haven Hypothesis”. Does the
implementation of carbon reduction policies inevitably deter essential FDI inflows,
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thereby hindering growth? Or can thoughtfully designed
environmental governance foster greener development pathways
without compromising, or perhaps even enhancing, investment
attractiveness? Addressing this tension is pivotal for crafting
effective climate strategies and achieving sustainable development
goals globally.

China, as the world’s largest developing economy and one of the
largest recipients of foreign direct investment, confronts substantial
environmental pressures alongside rapid economic growth, offering
a unique context for investigating this policy nexus. In response,
China has initiated various environmental programs, among which
the “Low-Carbon City Pilot” (LCCP) policy, launched in three
batches (2010, 2012, and 2017) and now covering 87 cities and
regions (Gao et al., 2022), stands out as a significant institutional
innovation. Distinct from many previous environmental
regulations, the LCCP is characterized by its “weakly binding”
nature, often employing non-mandatory, guidance-oriented
language like “guide”, “encourage”, and “promote”, and granting
considerable autonomy to local governments for policy exploration
and implementation. This unique policy design raises fundamental
questions about its efficacy and economic consequences.

While the extensive literature examining the relationship
between environmental regulation and FDI offers valuable
insights, it predominantly focuses on the impacts of more
stringent policies, such as the US Clean Air Act Amendments
(Hanna, 2010), emission tax rates (Yan and Li, 2023), and COD
(Chemical Oxygen Demand) reduction mandates (Yang et al.,
2018). However, the impact of weakly binding policies like the
LCCP on FDI remains inconclusive. Does the lack of stringent
enforcement render these policies ineffective, or does their inherent
flexibility allow for a more nuanced balancing of economic and
environmental objectives, potentially yielding different outcomes for
FDI? Moreover, previous studies often employ two-way fixed effects
difference-in-differences (TWFE-DID) models, which assume
homogeneous treatment effects across all pilot cities and time
periods. This approach may overlook the potential heterogeneity
in policy effects across different batches of pilot cities and over time.
Recent research has indeed found significant heterogeneity in
carbon reduction effects across different batches of LCCP policies
(Lyu et al., 2023), highlighting the importance of considering these
variations. This ambiguity underscores the necessity and timeliness
of the present study.

Therefore, this study aims to empirically evaluate the impact of
China’s unique weakly binding LCCP policy on the patterns and
evolution of FDI. Leveraging the phased implementation of the
LCCP across three distinct batches as a quasi-natural experiment, we
employ a difference-in-differences (DID) methodology, augmented
by a suite of robustness checks. Our analysis draws upon both
prefecture-level city data andmicro-level enterprise registration data
from 2007 to 2019 to provide a comprehensive assessment of the
policy’s causal effects, underlying mechanisms, and potential
heterogeneity.

This research contributes to the existing literature and policy
discourse in several key ways. First, we provide novel empirical
evidence on the effectiveness and economic implications of non-
mandatory governance tools, moving beyond the traditional focus
on stringent regulations. Second, our analysis reveals significant
temporal heterogeneity in policy effects across different LCCP

batches, challenging monolithic views of environmental policy
impacts and highlighting the importance of considering policy
evolution and design specifics. Third, the use of micro-data
allows for a nuanced examination of the mechanisms,
differentiating between effects on polluting, clean, and high-tech
industries foreign-invested enterprises (FIEs) and shedding light on
the validity of the Pollution Haven Hypotheses within this
specific context.

The remainder of this paper is organized as follows illustrated in
Figure 1: Section 2 reviews the literature and develops hypotheses.
Section 3 details the empirical methodology and data description.
Section 4 presents the empirical results and robustness checks.
Section 5 performs the mechanism analysis. Section 6 conducts
the heterogeneity analysis. Section 7 further examines the “Pollution
Haven” hypothesis. Section 8 concludes.

2 Literature review and hypotheses

2.1 Environmental regulatory policies
and FDI

The implementation mechanism of LCCP policies has
continuously evolved and improved. It transitioned from an
initial exploratory nature to gradually establishing explicit carbon
peaking targets and total quantity control. The focus has deepened
from basic elements like comprehensive planning formulation, the
establishment of low-carbon industrial systems, and statistical
frameworks, to the development of robust target performance
evaluation systems. The requirements for innovation have
expanded from solely technological innovation to multi-
dimensional innovation, encompassing models, institutions,
technologies, and engineering approaches. Furthermore, the
demands on management mechanisms have become
progressively refined, moving from simple data statistical
management to the establishment of complete organizational
structures and coordination mechanisms. The initial target

FIGURE 1
Technical roadmap and content arrangement.
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responsibility system has evolved into a more stringent assessment
and evaluation system. Later policy documents have clearly defined
specific timelines and phased targets, reflecting a significant
strengthening of policy enforcement and the continuous
improvement of accountability mechanisms. The LCCP policy
differs from other environmental regulatory policies in several
key aspects:

2.1.1 Scope
The LCCP policy is primarily implemented at the prefecture-

level city scale, encompassing entire urban areas (Gao et al., 2022).
This comprehensive approach contrasts with other carbon
reduction policies that target specific industries or are limited to
particular trading markets, such as carbon emission trading policies
(Shao et al., 2022; Satoğlu and Salmon, 2024), environmental or
emission taxes (Yan and Li, 2023), or regulations focused on specific
pollutants like SO2 (Yang et al., 2018). The LCCP policy involves
multiple sectors including energy, industry, construction, and
transportation, constituting a systemic urban development policy.

2.1.2 Governance
The LCCP policy is characterized by “weak constraints”, granting

local governments greater autonomy and space for innovation (Tie
et al., 2020). Led by local authorities, this pilot emphasizes the principal
role of local governments in low-carbon development, distinguishing it
from top-down,mandatory emission reduction policies like total energy
consumption control, China’s Two Control Zone policy for air
pollution, the Pollution Quantity Control Policy setting reduction
mandates for local governments (Yang et al., 2018), or the US Clean
Air Act Amendments (Hanna, 2010).

2.1.3 Incentive structure
The LCCP policy features “weak incentives”, emphasizing local

exploration and innovation to achieve policy objectives rather than
relying on direct intervention or economic incentives from the
central government (Yang and Peng, 2022). This approach
contrasts sharply with subsidy policies that offer explicit
economic incentives, such as technology support policies
providing R&D funding or tax credits (Satoğlu and Salmon,
2024), financial incentives like feed-in tariffs and net metering
(Wiredu et al., 2025), or specific green investment incentives
including reduced corporate tax, investment allowances, and tax
credits (Demena and Afesorgbor, 2020), as well as financing
mechanisms like green bonds (Ayo-Balogun et al., 2025).
Consequently, the LCCP policy thereby showcases a greater
capacity for institutional innovation compared to other carbon
reduction policies (Song et al., 2020). The “National Low-Carbon
City Pilot Work Progress Evaluation Report” notably includes
“innovative initiatives” as a key indicator in its evaluation system.

These distinctive features of the LCCP policy have motivated
researchers to assess the policy’s impacts from various perspectives,
contributing to a growing body of literature on urban sustainability
and environmental governance in developing contexts.

The LCCP programs have multifaceted impacts on regional
economic and social development. Existing literature has
demonstrated, from both macro and micro perspectives that the
LCCP policy promotes urban innovation (Ma et al., 2021; Zou et al.,
2022; Yang, 2023; Pan and Zhao, 2024). Zhao et al. (2024) found that

the LCCP policy drives industrial structure upgrading. Wang L. et al.
(2023) research indicates that the LCCP policy can significantly
improve energy efficiency.

Studies evaluating LCCP policy’s impact on FDI show varied
results. Zhao and Wang (2021), examining only the second batch,
found the policy promoted FDI via industrial upgrading. Pan et al.
(2023) and Ni et al. (2022), covering all three batches, reached different
conclusions on FDI quantity: Pan et al. found it attracted FDI through
cost reduction and innovation, while Ni et al. found it reduced FDI
quantity but improved its quality, especially in innovative cities. A
commonality is the reliance on macro-level proxies (e.g., city-level
spending, industrial structure) for mechanism analysis. While
indicating roles for innovation and structural change, this macro-
level approach risks conflating the responses of domestic Chinese
enterprises with those of FIEs. Consequently, it may lead to an
inaccurate identification of the precise mechanisms through which
the LCCP policy influences firm-level FDI decisions.

Regarding the relationship between environmental regulation
and FDI, there are twomain viewpoints in the academic community:
first, the “Pollution Haven Hypothesis”, which posits that stringent
environmental regulations lead FDI to shift to regions with lower
environmental standards (Eskeland and Harrison, 2003); second,
the “Pollution Halo Hypothesis”, which argues that FDI enhances
the host country’s environmental quality through technology
spillover effects (Cole et al., 2008). Cole and Elliott (2005)
through cross-national studies of developed and developing
countries, found that the impact of environmental regulation on
FDI exhibits significant industry heterogeneity. The “Pollution
Haven Effect” is more likely to occur in capital-intensive
polluting industries. While literature sharing the same theme as
this paper interpret their findings in light of the Pollution Haven,
they do not conduct direct empirical tests of these theories.

To sum up, the impact of the LCCP policy on FDI has not yet
reached a systematic conclusion. Specifically, as an environmental
regulation policy characterized by “weak incentives and weak
constraints”, the LCCP policy grants policy implementers greater
flexibility in formulating policies and may adopt strategies that differ
from those of other environmental policies (Chen et al., 2023), which
may inherently introduce a certain degree of policy uncertainty for
market participants (Rehman et al., 2023). The shortcomings of existing
research lie in neglecting this unique nature, relying on TWFE-DID
while overlooking policy heterogeneity across different batches,
obtaining inconsistent results from macro proxy variable analysis of
policy transmission mechanisms, and failing to directly test the validity
of the “Pollution Haven” hypothesis at the FDI level. It remains an
important area of research to investigate whether this affects foreign
investment decisions and through what mechanisms it influences FDI
inflows. This study overcomes these research deficiencies by focusing on
weak binding, considering the effects of different policy batches, using
micro-level data, and examining spatial spillover effects.

2.2 Theoretical analysis and hypotheses

This study explores the transmission mechanisms of the LCCP
policy from the perspectives of the BroadMeaning of Industry Transfer
Theory, the Porter Hypothesis, and the Pollution Haven Hypothesis.
Based on the Broad Meaning of Industry Transfer Theory, industrial
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transfers between regions in China are primarily characterized by the
relocation of low-end industries from themore economically developed
eastern regions to the central and western regions, while high-end
industries remain concentrated in the eastern areas, exhibiting varying
levels of foreign investment saturation (Shi et al., 2019; Ang, 2018).
Building on this transfer pathway and incorporating regional
heterogeneity, the study analyzes the policy impacts. The Porter
Hypothesis posits that appropriately designed environmental
regulations can stimulate corporate innovation, not only offsetting
the costs associated with environmental regulations but also
enhancing the competitiveness and market performance of
enterprises (Porter and Linde, 1995). On the other hand, the
Pollution Haven Hypothesis suggests that multinational corporations
tend to relocate pollution-intensive industries to countries or regions
with more lenient environmental regulations to reduce environmental
compliance costs (Copeland and Taylor, 1994).

Low-carbon city pilot policies are exploratory policies with weak
constraints, differing from other environmental regulation policies with
explicit goals. At the national level, no specific hard targets, such as
carbon emission peak dates or industry-specific emission standards, are
set for the pilot cities. Instead, these policies delegate decision-making
authority to the respective pilot governments, allowing them to advance
low-carbon initiatives based on local conditions (Gao et al., 2022). This
approach follows the “the center decides and the local pays”model (Fan,
2014), wherein different cities may not necessarily adopt mandatory
emission reduction measures during implementation. Pilot cities,
balancing considerations of economic growth and environmental
protection, may make different decisions—either continuing
economic development or strengthening environmental
regulations—thereby influencing FDI.

Furthermore, the designation of low-carbon city pilots as
“exemplars” embodies the central government’s recognition of
the pilot cities’ efforts in environmental governance, granting
them significant environmental legitimacy advantages and
reducing pressure in environmental performance assessments (Xu
and Li, 2022; Zheng and Guo, 2022). Wang Z. et al. (2023)
mentioned that there is an obvious spatial correlation among
interstate carbon emissions. Consequently, local governments
might retain high-pollution enterprises or even attract pollution-
intensive foreign investment.

The temporal span of low-carbon city pilot policies is extensive,
and later batches of pilot cities possess certain latecomer advantages.
They can leverage the successful experiences of earlier low-carbon
cities (Zhang and Zhu, 2018), rapidly accumulate green
development technologies and expertise, shift the focus of early
policies, and improve the inflow of local FDI.

Based on this, the following hypothesis is proposed:

Hypothesis H1: The impact of the LCCP policies on FDI in pilot
cities varies across different batches, indicating temporal
heterogeneity in the policies.

Most LCCP policies establish total carbon emission control
targets and carbon peak requirements for cities. These policies
involve the formation of specialized leadership teams by local
governments to coordinate and oversee the implementation,
delegating emission reduction tasks to enterprises and various
departments (Zhuang, 2020). The government guides and
regulates corporate production and operational activities through

measures such as developing low-carbon development plans,
formulating supporting policies, and establishing a system of
accountability for targets. These policy measures influence the
costs associated with enterprises’ production and operations,
directly affecting the extent of policy support they receive and
their development potential (Ramanathan et al., 2017). Just as
the Pollution Haven Hypothesis, the LCCP policy can influence
the flow of FDI. In a system where GDP is the primary evaluation
metric (Deng, Y. et al., 2024), some regions might choose to lower
environmental standards to attract these enterprises, thereby
creating localized “pollution havens”. This tendency is also
observed among pollution-intensive FIEs, which prefer to transfer
their production activities to areas with relatively lax environmental
regulations, potentially relocating either abroad or to non-pilot low-
carbon cities. Namely, this may impede the entry of pollution-
intensive foreign enterprises into pilot regions.

However, the impact of FIEs relocating to non-pilot areas is
more complex. If the Pollution Haven Hypothesis holds true
between regions, the relocation caused by the LCCP policy could
result in significant sample selection bias, thereby affecting the net
effects derived in this study. Therefore, we propose two competing
hypotheses to empirically test whether the LCCP policy indeed
generates such relocation and bias:

Hypothesis H2a: The LCCP policy creates “pollution havens”,
attracting pollution-intensive foreign enterprises to China.

Hypothesis H2b: The LCCP policy does not create “pollution
havens”, and thus does not attract pollution-intensive foreign
enterprises to China.

Furthermore, from the perspectives of the Broad Industry
Transfer Theory and the Porter Hypothesis, the displacement or
obstruction of entry reduces the intensity of FDI in a region, thereby
providing more investment opportunities that attract green and
clean FDI. As mentioned above, low-carbon cities can improve
energy efficiency (Wang Z. et al., 2023) and promote industrial
structure upgrading (Zhao et al., 2024). This green transformation
and innovative environment may attract more FDI with green
technology advantages while simultaneously potentially inhibiting
FDI that is technologically lagging or has weaker innovation
capabilities, thereby affecting the cost structure of enterprises’
production. The potential cost advantages may attract more FDI
focused on environmental protection technologies and clean
production, but they may also increase overall production costs.
In conjunction with the Porter Hypothesis, it can be inferred that
foreign enterprises not yet operating in China may choose to
establish themselves in other countries, while those already
established in China (FIEs) may opt to increase their R&D
investments to bridge the gap. Based on the above analysis, the
following hypotheses are proposed:

Hypothesis H3: The LCCP policy inhibits FDI by obstructing the
entry of foreign enterprises into pilot regions, particularly by
restraining pollution-intensive foreign enterprises.

Hypothesis H4: The LCCP policy promotes FDI by attracting
clean foreign enterprises to enter pilot regions and by encouraging
existing FIEs to expand their investments.
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These hypotheses are synthesized in Figure 2, which illustrates
the conceptual framework linking LCCP mechanisms to
FDI outcomes.

3 Empirical methods and data
description

3.1 DID model

To identify the impact of the LCCP policy on FDI, this study
treats LCCP policy as a quasi-natural experiment. Referencing the
research of Cheng et al. (2019) and Wei et al. (2023) this paper
employs the difference-in-differences (DID) method and controls
for city and year fixed effects. Subsequently, a series of robustness
checks are conducted, and potential confounding policies are
excluded to alleviate sample selection bias, thereby enhancing the
reliability and accuracy of policy effect evaluations.

lnFDIit � α + βLCCPit + γControlit + μi + λt + εit (1)

In the regression model, ln FDIit represents the scale of FDI in
the i-th prefecture-level city in year t. LCCPit indicates whether the
i-th prefecture-level city was approved as a low-carbon city pilot in
year t, with its coefficient β being the primary focus of this study,
measuring the overall treatment effect of the pilot policy. Controlit
refers to a set of control variables established at the prefecture-level
city level. μi and εit denote city fixed effects and year fixed effects,
respectively, capturing city-specific characteristics that do not vary
over time and controlling for temporal factors present in each
prefecture-level city.

Following Clarke’s (2017) approach, we specify the following
model based on Equation 1 to test Hypothesis 2a:

lnFDIit � α + βLCCPit + ∑
1000

s�50
δsN

s
it + γControlit + μi + λt + εit (2)

Equation 2 relaxes the Stable Unit Treatment Value Assumption
(SUTVA) by introducing a neighborhood treatment group,

requiring only partial adherence to the SUTVA assumption. This
approach allows for the estimation of both Treatment Effects and
Close to Treatment Effects. Building upon Equation 1, a new set of
control variables Ns

it is introduced. Here, s represents the
geographical distance between cities (in kilometers, s ≥ 50),
measured using the spherical distance between any two cities. If
there exists a low-carbon city pilot within the spatial range of (s - 50,
s] kilometers from city i in year t, Ns

it is assigned a value of 1;
otherwise, it is assigned 0. For example,N50

it indicates whether there
was a low-carbon city pilot within 50 km of city i in year t. Therefore,
the coefficient δs measures the impact of establishing a low-carbon
city pilot on FDI in neighboring cities surrounding city i.
Regressions are conducted using Equation 2 with distance
increments of 50 km, and the results for each coefficient δs are
reported when s = 50, 100, . . ., 950, 1,000. By comparing the
economic and statistical significance of δs across different
thresholds, the spatial spillover effects of the LCCP are tested,
specifically examining the existence of “pollution havens”.

3.2 Data and variables

3.2.1 Explained variable
The explained variable in this study is the total actual foreign

direct investment in the region (lnFDIit), which measures the impact
of the policy at an aggregate level. The natural logarithm of the total
actual FDI at the prefecture-level city is utilized to minimize
multicollinearity and heteroscedasticity within the model as
much as possible.

3.2.2 Explanatory variables
LCCPit is the interaction term between the time dummy variable

and the region dummy variable. Based on the three batches of “Low-
Carbon City Pilot Lists” announced by the National Development
and Reform Commission in 2010, 2012, and 2017, the time dummy
variable is assigned a value of 1 for the year of approval and the
subsequent years, and 0 for the years prior to approval. Since the
low-carbon city pilot projects were implemented in three separate

FIGURE 2
Theoretical framework.
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batches, for cities selected in multiple batches, the time definition is
based on the earliest implementation time. If a province is approved
as a low-carbon pilot region, then all cities within that province are
subjected to the LCCP. If a prefecture-level city is designated as a
LCCP, then the region dummy variable is set to 1; otherwise, it is
set to 0.

3.2.3 Control variables
Considering that the selection of LCCPs is not entirely random

and that other city-level factors may have potential impacts on FDI,
following the approaches of Zhang and Wang (2023) and Shao et al.
(2022), this paper selects a series of control variables. These include:
Economic Development Level (lnGDP), measured by the natural
logarithm of per capita GDP, reflects the region’s economic strength
and living standards. Infrastructure Construction Level (lninfra),
calculated as the natural logarithm of per capita road area in
prefecture-level cities, indicates the quality of urban
infrastructure. Human Capital (lnHR), represented by the natural
logarithm of students per 10,000 individuals, captures the region’s
educational attainment and talent pool. Urbanization Level (urb),
the ratio of urban permanent population to total permanent
population, signifies the degree of urbanization and demographic
structure. Government Intervention (gov), expressed as the
proportion of general government expenditure to regional GDP,
quantifies the extent of government involvement in the economy.
Technological Innovation (tech), measured by the share of science
and technology expenditure in general government expenditure,
indicates regional innovation capacity. Marketization Level
(market), calculated as the ratio of total urban private and
individual employed personnel to the year-end number of
employed personnel in urban work units, reflects the
development of the private sector. Labor Costs (lnlabor),
represented by the natural logarithm of average urban employee
wages, provides insight into regional labor market conditions.

3.2.4 Data sources
This study selects panel data from 265 prefecture-level cities

spanning the years 2007 to 2019. The period from 2007 to 2019 was
chosen for three primary reasons: first, the COVID-19 pandemic in
2020 significantly altered various economic indicators, resulting in
substantial differences compared to the pre-2020 period; second, the
gradual nationwide promotion of successful pilot experiences in
2020 contradicts the fundamental assumptions of the DID
methodology; third, FDI data prior to 2007 are severely lacking.

Due to severe data deficiencies, the research excludes regions
such as Hong Kong, Macau, Taiwan, and Tibet, as well as specific
prefecture-level cities in provinces including Gansu, Guizhou, Jilin,
Ningxia, Guangdong, Hubei, Hainan, Yunnan, Qinghai, and
Xinjiang. Additionally, the prefecture-level cities of Chaohu in
Anhui and Laiwu in Shandong were excluded following their
administrative dissolution. For cities with minor data gaps in
specific years or variables, interpolation methods were employed
to complete the missing values.

The data sources for this study include the National Bureau of
Statistics, the “China City Statistical Yearbook”, and the State
Administration for Industry and Commerce (SAIC) of China.
Table 1 presents the descriptive statistics of the observed

variables, including sample size, mean, standard deviation,
minimum value, and maximum value.

4 Empirical results

4.1 Baseline regression

Drawing inspiration from the concept of “group-time average
treatment effects” where groups (g) are defined by the timing of
initial treatment (Callaway and Sant’Anna, 2021), this section first
examines the significance of the pilot effects and tests for
heterogeneity across different LCCP batches using regressions
based on Equation 1. ① For the first batch (g = 2010), we isolate
its impact by either excluding second and third batch cities from the
full sample (Model 1) or by focusing on the initial years 2007–2011
(Model 2).② For the second batch (g = 2012), we estimate its effect
by restricting the sample to 2007–2016 and removing first batch
cities (Model 3), or by using the full sample while excluding first and
third batch cities (Model 4). ③ Likewise, for the third batch (g =
2017), we estimate its impact by excluding the first two batches from
the full sample (Model 5) or by using a restricted 2013–2019 sample,
again excluding the earlier batches (Model 6). Beyond these
individual batch assessments, we also utilize a multi-period DID
model to estimate the average treatment effects considering the
staggered rollout across all batches (Models 7, 8, 9). Table 2, columns
(1) through (9), presents the estimation results from all these
approaches.

Based on the regression results, the coefficients of LCCP in
Models (1), (7) and (9) are all significantly negative. Models (1) and
(2) indicate that the first batch of the LCCP policies does not have a
significant impact on FDI in the short term. However, Models (3)
and (4) show that the impact of the second batch of pilot policies on
FDI is not statistically significant. Conversely, according to Columns
(5) and (6), the third batch of pilot policies significantly promotes
FDI. Model (9) shows that, overall, the LCCP policies exert a
significant negative effect on FDI. Notably, the absolute value of
the LCCP coefficient in this model is the smallest among all models
showing a negative effect, which indirectly reflects the existence of
the third batch’s positive impact. These findings suggest that the

TABLE 1 Descriptive statistics of variables.

Variables N Mean S.D. Min. Max.

lnFDI 3,445 5.354 1.795 −3.507 10.10

lnGDP 3,445 10.50 0.669 4.595 13.06

lnHR 3,445 10.54 1.358 4.522 13.91

urb 3,445 0.523 0.159 0.120 1

gov 3,445 0.174 0.0787 0.0437 0.688

tech 3,445 0.182 0.0430 1.70e-07 0.377

market 3,445 1.132 0.772 0.0519 17.14

lnlabor 3,445 10.64 0.454 9.161 12.68

lninfra 3,445 2.676 0.455 −1.833 4.096
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three batches of pilot policies exhibit strong temporal heterogeneity,
thereby supporting Hypothesis H1.

Likewise, Lyu et al. (2023) found that the effects of the third
batch of policies are inferior to those of the first two batches andmay
even lead to an increase in carbon emissions. This discrepancy may
be attributed to the fact that the first batch of pilots was selected
through a non-public central selection process, prioritizing cities
with better foundational conditions. In contrast, the second and
third batches gradually expanded to include second-, third-, and
fourth-tier prefecture-level cities, with more comprehensive
considerations (Zhuang, 2020). The latter two batches of pilot
cities are less attractive to foreign investment compared to the
first batch, resulting in a smaller impact on local FDI.
Furthermore, the third batch of pilots may incorporated

experiences from previous batches and adopted context-specific
governance measures.

4.2 Robustness tests

4.2.1 Parallel trends test and baseline
model selection

To determine whether the changes in FDI is attributable to the
implementation of the pilot policies, a more detailed examination is
necessary. Drawing on the approach of Beck et al. (2010), this study
employs an event study methodology to test the pre-treatment
parallel trends and the dynamic effects of the policies. The model
is specified as follows:

TABLE 2 Regression results for different batches of LCCP policies.

Model (1) (2) (3) (4) (5) (6) (7) (8) (9)

Batch 2010 2010 2012 2012 2017 2017 2010 + 2012 2012 + 2017 All

Variables lnFDI

LCCP −0.491*** −0.0463 −0.160 −0.213 0.430*** 0.305** −0.261*** 0.0466 −0.153*

(0.106) (0.0856) (0.118) (0.151) (0.120) (0.142) (0.0806) (0.109) (0.0801)

lnGDP 1.373*** 0.271* 0.361** 0.746** 1.152*** 1.172*** 0.663*** 0.782*** 1.040***

(0.223) (0.159) (0.170) (0.291) (0.282) (0.241) (0.238) (0.297) (0.288)

lninfra −0.114 −0.141* −0.181 −0.166 −0.315 −0.173 −0.108 −0.179 −0.129

(0.121) (0.0741) (0.175) (0.166) (0.196) (0.175) (0.129) (0.160) (0.118)

lnHR 0.122 −0.0557 0.150 0.143 0.0784 0.118 0.122 0.126 0.107

(0.0865) (0.111) (0.122) (0.101) (0.142) (0.0957) (0.107) (0.0958) (0.0845)

urb 0.736 −0.581* −0.229 1.231* 2.078* 0.649 −0.172 1.104* 0.952**

(0.475) (0.322) (0.561) (0.638) (1.204) (0.565) (0.435) (0.597) (0.482)

gov 0.578 0.285 0.417 0.231 −0.265 0.728 0.339 0.279 0.0838

(0.867) (0.337) (0.551) (0.458) (1.249) (0.929) (0.557) (0.455) (0.470)

tech −0.125 −1.950* −1.849* −0.119 2.369 0.517 −1.978* −0.222 −0.750

(1.024) (1.123) (1.051) (1.210) (2.015) (1.182) (1.023) (1.138) (1.041)

market 0.0644* −0.00285 0.0726*** 0.0619 0.0124 0.0391 0.0929*** 0.0425 0.0669**

(0.0368) (0.0451) (0.0266) (0.0380) (0.0359) (0.0339) (0.0243) (0.0322) (0.0311)

lnlabor −0.0902 0.297 0.282 0.352 0.406 0.0891 0.258 0.346 0.193

(0.202) (0.234) (0.219) (0.263) (0.518) (0.223) (0.204) (0.257) (0.232)

_cons −9.549*** 0.870 −2.102 −7.959** −12.77* −9.269*** −4.869 −7.973** −8.813**

(3.302) (2.875) (3.053) (3.718) (6.935) (3.517) (3.249) (3.707) (3.427)

Observations 2808 1325 1950 2197 1204 2236 2650 2535 3445

City FE Yes Yes Yes Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes

Adjusted R2 0.807 0.921 0.876 0.809 0.828 0.811 0.860 0.822 0.823

Note: Values in parentheses represent clustered robust standard errors at the city level. *, **, *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. The same notation

applies to Table 3–11.
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lnFDIit � α + ∑
post

n�pre,n ≠−1
βnLCCP

n
it + γControlit + μi + λt + εit (3)

In Equation 3, LCCPn
it is a dummy variable representing the

external policy shock. Here, pre denotes the number of years
from the start of the sample to the policy implementation (pre <
0), and post denotes the number of years from the policy
implementation to the end of the sample (post > 0). The
variable LCCPn

it takes the value of 1 if a city in the treatment
group is observed n years before the policy shock (n < 0) or n
years after the policy shock (n ≥ 0), and 0 otherwise. The
estimated coefficient of LCCPn

it captures the difference in FDI
between pilot cities and non-pilot cities relative to the base
period. All other variables are defined as in Equation 1. To
avoid multicollinearity, the period immediately before the
policy implementation (n = −1) is designated as the base period.

As shown in Figure 3, which presents the parallel trend test
results obtained from Equation 3, before the announcement of the
pilot list, there were no pre-existing differences in FDI between pilot

cities and non-pilot cities for models (1), (5), (6), (7), and (9),
satisfying the parallel trends assumption of the DID model.

Examining the models that passed the parallel trends test: Model
(1), corresponding to the first batch of pilots, shows partially
significant negative and small estimated coefficients for the first
4 years after the pilot list announcement. From the fifth year
onwards, the suppressive effect on FDI intensifies, demonstrating
a certain lag. Starting from the seventh year after the first batch of
pilots, the suppressive effect gradually weakens, showing a U-shaped
pattern over time. Models (5) and (6), corresponding to the third
batch of pilots, differ from the first batch in that the policy not only
promoted FDI but also had a rapid response. Models (7) and (9)
employ the staggered DID approach, providing additional support
for the robustness of our findings. However, the coefficients for the
pre- and post-periods may be slightly affected by the second batch of
pilots, showing minor fluctuations but passing the parallel trends
test and remaining significant in the post-period. This further
supports the notion that using a staggered difference-in-
differences model to study the three batches of pilot policies may

FIGURE 3
Parallel trend test.
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overlook the heterogeneity of policies from different batches
(Hypothesis H1).

In summary, the pilot policies from different batches exhibit
characteristics of heterogeneity and lag, echoing the research

findings of Lyu et al. (2023). Considering the impact of pre-
treatment fluctuations, this paper uses Model (1) corresponding
to the first batch of pilot cities (2010) and Model (5) corresponding
to the third batch of pilot cities (2017) as baseline regressions, and

FIGURE 4
Sensitivity analysis of the parallel trends assumption for Model (1).
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conducts a series of robustness tests, mechanism analyses, and
heterogeneity analyses.

4.2.2 Sensitivity analysis of the parallel trends
assumption

However, pre-treatment trend tests cannot be considered as
definitive empirical evidence for the parallel trends assumption
(Roth et al., 2023). Drawing on the parallel trends sensitivity
analysis method proposed by Rambachan and Roth (2023), we
examine the impact of violations of the parallel trends
assumption on event study point estimates and confidence
intervals through relative deviation degree restrictions. Following
the approach of Biasi and Sarsons (2022), we set the maximum
deviation degree Mbar = 1 × standard error to test the sensitivity of
the treatment effect to parallel trends after the implementation of the
LCCP policy.

Figures 4, 5 present sensitivity tests for the periods where the
policy effects are significantly different from zero after policy
implementation in Models (1) and (5). The test results show that
the confidence intervals under deviation degree restrictions do
not include 0. This implies that even if there are some deviations
from parallel trends, the LCCP policy still significantly
affects FDI.

4.2.3 Heterogeneous treatment effects test
Moreover, Goodman-Bacon (2021) points out that even when

the parallel trends assumption is satisfied, the staggered DIDmethod
may still face a “bad control group” problem due to inconsistent
treatment timings. de Chaisemartin and D’Haultfœuille (2020)
emphasize that the heterogeneity of treatment effects is an
important cause of bias in two-way fixed effects models, which
may still exist in research scenarios where the same policy is
implemented at the same time.

To address this issue, we employ the DID estimator for multiple
periods and groups (DIDM) proposed by de Chaisemartin and
D’Haultfœuille to diagnose potential heterogeneous treatment
effects in the baseline regression, and obtain the event study
graph (Figure 6). The results show that the DIDM results are
largely consistent with the baseline regression. In terms of
weighted average treatment effects, the policy effect for Model (1)
is −0.557 (t-value −5.439), and for Model (5) is 0.430 (t-value 2.707),
confirming the robustness of the research conclusions.

4.2.4 Application of synthetic difference-in-
differences

The synthetic difference-in-differences (SDID) method
proposed by Arkhangelsky et al. (2021) is employed in this
study. This method introduces appropriate individual and time
weights, eliminating the need for strict parallel trends
assumptions. The SDID model is used to estimate the average
treatment effect of the LCCP policy, with results reported in
Table 3. The table shows that the average treatment effect
estimated by the SDID model is consistent with the conclusions
from the baseline regression, further verifying the robustness of the
research results.

4.2.5 Excluding interference from other policies
To further eliminate interference from other policies and more

cleanly identify the policy impact effect of low-carbon city
construction on FDI, this paper, through a review of policy
documents, found that the list of Key Regions for Air Pollution
Prevention and Control (KRAPC) outlined in the “Announcement
on Implementing Special Emission Limits for Air Pollutants”
published by the Ministry of Ecology and Environment in
2013 and the “Three-Year Action Plan for Winning the Blue Sky
Defense Battle” published in 2018, the Free Trade Zones (FTZ)
gradually established since 2013, and the Pilot Zones for Green
Finance Reform and Innovation (PZGFRI) implemented
progressively since 2017 might produce effects similar to the
LCCP policy. Therefore, we incorporate dummy variables for
KRAPC, FTZ, and PZGFRI into the baseline regression model to
mitigate potential interference from these concurrent policies when
estimating the LCCP effect. Based on Equation 1, the following
equation is established:

lnFDIit � α + β1LCCPit + β2KRAPCit + β3FTZit + β4PZGFRIit

+ γControlit + μi + λt + εit

(4)
In Equation 4, KRAPCit, FTZit and PZGFRIit are the DID

estimators constructed in the same manner as LCCPit.
Table 4 reports the corresponding estimation results. It can be

observed that the core explanatory variable LCCP in models (1) and
(5) remains significant. Therefore, the impact of the LCCP policy on
FDI is indeed caused by this policy, rather than others.

FIGURE 5
Sensitivity analysis of the parallel trends assumption for Model (5).
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4.2.6 Placebo tests
The selection of the LCCP policy is not entirely random. To rule

out potential confounding factors and verify the reliability of the
baseline regression results, following Chen et al.’s (2025) approach,
this paper further conducts in-time placebo tests, in-space placebo
tests, and mixed placebo tests.

The treatment time for the 2010 treatment group is moved 1 to
2 periods earlier, and the treatment time for the 2017 treatment
group is moved 1 to 3 periods earlier for regression analysis in the in-
time placebo tests. The results are shown in Figure 7. The P-values of
all placebo effects are greater than 0.1, and the 95% confidence
intervals of all placebo effects include 0. Therefore, the in-time
placebo test is passed.

The core explanatory variable, LCCP, is randomly sampled
1,000 times without replacement and regressed using the DID
method, resulting in Figure 8. From the regression distribution
graph, it can be seen that the estimation results of the virtual
samples are normally distributed around the value of 0. The
estimated coefficient of the baseline regression for the 2010 group
(Model 1) falls completely outside the distribution of the virtual
sample results, while the estimated coefficient for the 2017 group
falls in the right tail of the distribution. This means that the
baseline regression results of this paper have passed the
placebo test.

For the mixed placebo tests (Figure 9), the estimated
coefficients of randomly assigned virtual pilot cities and

virtual policy time points basically show a normal distribution
centered at 0. The real regression coefficients are all located in the
tail of the placebo effect distribution, thus passing the
placebo test.

4.2.7 Replacing the explained variable
To ensure the robustness of the baseline results, the per capita

actually utilized foreign direct investment (lnperFDI) is used as the
alternative explained variable in Equation 1. As can be seen from the
regression results in Table 5, the coefficients of LCCP are all
significant at the 1% level. This corroborates the robustness of
the above baseline analysis.

4.2.8 Including time trends
The selection of cities for the LCCP policy may have

considered certain specific criteria. If these criteria could also
influence economic development trends, then the differences in
FDI between pilot and non-pilot regions after policy
implementation might be due to these selection criteria,
potentially biasing the estimation results of Equation 1. To
address this potential issue, following the approach of Huang
and Yi (2023), we further control for the interaction terms
between the pilot selection variables and the first, second, and
third order time variables based on Equation 1. The regression
results are shown in Table 5, where the coefficient of LCCP
remains significant.

FIGURE 6
Event study analysis using DIDM.

TABLE 3 Average treatment effects estimated by SDID.

Variables Model (1) Model (5)

lnFDI

LCCP −0.460*** −0.518*** 0.361** 0.405***

(0.108) (0.110) (0.147) (0.136)

Control Yes Yes Yes Yes

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Observations 2808 2808 1204 1204

Note: Column (1) and (3) presents estimates based on the method of Arkhangelsky et al. (2021); Column (2) and (4) presents estimates based on the method of Kranz (2022).
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5 Mechanism analysis

Given the significant impact of LCCP on FDI, how would
foreign-invested enterprises (FIEs) respond at the micro level?
Therefore, following the approach of Tian and Xu (2022), we
obtained data on the establishment of FIEs from the State
Administration for Industry and Commerce (SAIC) of China. In
line with the National Bureau of Statistics’ statistical criteria, we use
the number of newly established FIEs to examine the impact of the
pilot policy on FIEs in different industries. FIEs include Chinese-

foreign equity joint ventures, Chinese-foreign cooperative joint
ventures, wholly foreign-owned enterprises, and foreign-invested
joint stock limited companies.

5.1 Industry classification of FIEs

5.1.1 Polluting industries
Based on industry characteristics and environmental impact,

and according to the “National Economic Industry Classification”

TABLE 4 Excluding concurrent policies.

Variables Model (1) Model (5)

lnFDI

LCCP −0.487*** −0.459*** −0.479*** 0.479*** 0.469*** 0.450***

(0.106) (0.104) (0.103) (0.123) (0.124) (0.129)

KRAPC 0.254*** 0.254*** 0.259*** 0.290*** 0.288*** 0.273**

(0.087) (0.087) (0.089) (0.110) (0.110) (0.111)

FTZ −0.143 −0.120 −0.065 −0.059

(0.103) (0.103) (0.108) (0.110)

PZGFRI 0.866*** 0.363

(0.232) (0.314)

lnGDP 1.326*** 1.326*** 1.360*** 1.041*** 1.050*** 1.100***

(0.221) (0.219) (0.220) (0.284) (0.283) (0.277)

lninfra 0.175* 0.184** −0.103 0.117* 0.125* −0.272

(0.093) (0.092) (0.119) (0.063) (0.063) (0.197)

lnHR 0.122 0.119 0.130 0.074 0.074 0.092

(0.085) (0.088) (0.088) (0.145) (0.144) (0.142)

Urb 0.749 0.683 0.687 2.055* 2.042* 2.040*

(0.472) (0.477) (0.477) (1.126) (1.125) (1.137)

Gov 0.784 0.704 0.708 −0.182 −0.208 −0.229

(0.867) (0.871) (0.869) (1.235) (1.226) (1.215)

Tech 0.009 −0.068 −0.234 2.549 2.440 2.459

(1.021) (1.024) (1.028) (2.017) (2.051) (2.050)

market 0.079** 0.077** 0.072* 0.009 0.009 0.009

(0.038) (0.038) (0.037) (0.036) (0.036) (0.036)

lnlabor −0.042 −0.041 −0.035 0.362 0.364 0.343

(0.201) (0.199) (0.202) (0.518) (0.517) (0.513)

_cons −10.595*** −10.533*** −10.113*** −12.465* −12.567* −11.839*

(3.217) (3.199) (3.235) (6.910) (6.906) (6.865)

Observations 2808 2808 2808 1204 1204 1204

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.809 0.809 0.809 0.829 0.829 0.830

Frontiers in Environmental Science frontiersin.org12

Zhang and Jin 10.3389/fenvs.2025.1554728

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1554728


(GB/T 4754-2017), enterprises are categorized into polluting
industries and non-polluting industries. Specifically, polluting
industries mainly include the following categories: chemical
manufacturing, metal smelting and processing, mineral
extraction, textile dyeing and printing, paper and paper products
manufacturing, building materials manufacturing, energy
production and supply, and other high-pollution industries (Shi
et al., 2019). Industries other than those listed above are classified as
non-polluting industries.

5.1.2 Clean industries and high-tech industries
Within non-polluting industries, following the approach of Lyu and

Yu (2020), we further distinguish between non-polluting non-high-tech
industries and high-tech industries, and considers non-polluting non-
high-tech industries as clean industries. Based on the “Classification of
High-tech Industries (Manufacturing) (2017)” issued by the National
Bureau of Statistics, high-tech industries are identified as follows:
pharmaceutical manufacturing, aerospace vehicle and equipment
manufacturing, electronic and telecommunications equipment

FIGURE 7
In-time placebo tests.

FIGURE 8
In-space placebo tests.

FIGURE 9
Mixed placebo tests.

Frontiers in Environmental Science frontiersin.org13

Zhang and Jin 10.3389/fenvs.2025.1554728

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1554728


manufacturing, computer and office equipment manufacturing, and
medical equipment and instrument manufacturing industry. However,
as the database does not contain information on electronic chemicals
manufacturing industry, this category is not considered in our analysis.

5.1.3 Model specification

lnfirmnumit � α + βLCCPit + γControlit + μi + λt + εit (5)

Based on Equation 1, we replace the explained variable with the
logarithm of the number of newly established FIEs in city i in year t
plus one (ln firmnumit), resulting in Equation 5. We then further

differentiate this into the number of enterprises in polluting
industries (ln firmnum poit), clean industries (ln firmnum nit),
and high-tech industries (ln firmnum hiit) to examine the
mechanism through which the policy operates.

5.2 The first batch: hindering the entry of
polluting and high-tech FIEs

According to the regression results (Table 6), overall, the first
batch of the LCCP policy did not significantly deter FIEs from
entering pilot regions. A possible reason is that the policy primarily

TABLE 5 Replacing the explained variable and including time trends.

Variables Replacing the explained variable Including time trends

Model (1) Model (5) Model (1) Model (5)

lnperFDI lnFDI

LCCP −0.439*** 0.429*** −0.492*** 0.451***

(0.107) (0.124) (0.104) (0.160)

lnGDP 1.363*** 1.152*** 0.615*** 0.980***

(0.226) (0.301) (0.133) (0.333)

lninfra −0.075 −0.218 0.025 −0.186

(0.127) (0.228) (0.079) (0.197)

lnHR 0.100 0.074 0.010 −0.082

(0.099) (0.151) (0.044) (0.075)

urb 0.574 1.786 0.206 0.927

(0.495) (1.902) (0.296) (1.143)

gov 0.185 −1.007 1.696** 2.484*

(0.917) (1.502) (0.832) (1.404)

tech −1.257 −0.731 0.836 4.017

(1.102) (2.729) (0.879) (2.488)

market 0.066* −0.007 0.107** 0.044

(0.038) (0.039) (0.050) (0.065)

lnlabor −0.099 0.339 −0.089 0.640

(0.221) (0.612) (0.194) (0.541)

_cons −10.204*** −12.735 −7.107** −9.881*

(3.418) (7.922) (3.285) (5.269)

Observations 2793 1192 2808 1204

Control × t Yes Yes Yes Yes

Control × t2 No No Yes Yes

Control × t3 No No Yes Yes

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Adjusted R2 0.778 0.763 0.813 0.838
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focused on “carbon reduction” and “decarbonization” measures in
high-carbon industries. Therefore, without distinguishing industry
carbon attributes, the pilot policy had limited impact on foreign
enterprise decision-making at the aggregate level.

Further examining the mechanism by differentiating industries,
using the number of newly established enterprises in polluting
industries (ln firmnum poit), the results show that the
2010 batch of pilots significantly inhibited polluting industry
foreign enterprises from entering pilot regions. Using the number
of established clean industry enterprises (ln firmnum nit) as the
explained variable, the first batch of pilots did not significantly
inhibit clean foreign enterprises from entering. However, the pilot
policy significantly inhibited high-tech industry enterprises
(ln firmnum hiit) from entering China. This indicates that the
first batch of pilots may have increased operational costs for
enterprises, demonstrating a “crowding-out effect”, partially
confirming Hypothesis H3.

5.3 The third batch: investment expansion by
existing FIEs

The regression results in Table 7 indicate that the third batch of
pilot policies did not significantly promote the entry of FIEs into
China, with results remaining insignificant across different
industries. The insignificance of the coefficient for the number of
newly established FIEs in polluting industries (ln firmnum poit)
provides partial support for Hypothesis H2b. This suggests that the
growth in FDI inflows to the third batch of pilot cities was not due to
a “pollution haven” effect, and thus the estimation of the net effect in
the main regression was not affected. Furthermore, the general
insignificance of the coefficients suggests that the growth in FDI
inflows was achieved through existing FIEs expanding their
investment scale, which indicates that the Porter Hypothesis
holds to a certain degree in China, partially supporting
Hypothesis H4.

TABLE 6 Mechanism test for the first batch of LCCP policies.

2010 Model (1) All industries Polluting industries Clean industries High-tech industries

Variables lnfirmnum lnfirmnum_po lnfirmnum_n lnfirmnum_hi

LCCP −0.097 −0.124* −0.069 −0.173***

(0.094) (0.071) (0.095) (0.064)

lnGDP 0.024 −0.092 0.031 −0.110

(0.179) (0.139) (0.180) (0.140)

lninfra −0.029 0.054 −0.047 0.037

(0.057) (0.045) (0.062) (0.037)

lnHR −0.052 0.017 −0.082 0.023

(0.063) (0.026) (0.071) (0.033)

urb 1.237*** 1.150*** 1.069*** 0.402*

(0.388) (0.284) (0.401) (0.211)

gov −0.247 0.439 −0.425 0.233

(0.724) (0.464) (0.721) (0.387)

tech −1.311 −0.877 −1.137 −0.713

(0.917) (0.659) (0.908) (0.512)

market 0.042* −0.004 0.052** 0.010

(0.025) (0.020) (0.026) (0.016)

lnlabor 0.330** 0.139 0.291 0.191

(0.165) (0.152) (0.182) (0.124)

_cons −0.897 −0.459 −0.288 −0.839

(2.100) (1.705) (2.245) (1.481)

Observations 2808 2808 2808 2808

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Adjusted R2 0.760 0.645 0.751 0.749
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5.4 Comprehensive mechanism analysis

A comprehensive analysis of the effects of two batches of LCCP
policies reveals that these policies have played a significant role in
promoting the structural adjustment of FDI. Empirical results indicate
that the pilot policies have had a deterrent effect on polluting and high-
tech foreign enterprises entering China, reflecting the selective impact of
the policies on FDI quality. Enterprises that choose to continue
investing in China demonstrate a stronger willingness to comply
and innovate, rather than adopting a “beggar-thy-neighbor” strategy
by relocating to non-pilot areas. Instead, they adapt to the new policy
environment by increasing investment, a phenomenon partially
consistent with the “Porter Hypothesis”. This dynamic adjustment
process not only optimizes the industrial layout of FIEs but also
further strengthens the guiding role of LCCP policy in optimizing
the FDI structure.

However, the reason for such a significant difference between
the first batch of pilots and the third batch of pilots remains

unknown and requires further research examining more detailed
policy texts and specific implementation measures.

6 Heterogeneity analysis

6.1 Regional differences in FDI

From the baseline regression, we concluded that LCCP policy
have a significant impact on FDI inflows. The question then arises:
does this impact exhibit heterogeneity due to differences in foreign
investment saturation levels? Considering the actual situation of
foreign investment entering China, FDI has mainly flowed from the
eastern coastal areas to the central and western regions gradually.
This study examines the heterogeneity of pilot policy effects by
dividing the sample into eastern, central, and western regions.

According to the regression results (Table 8), the first batch of pilots
had a significant hindering effect on foreign investment inflows in the

TABLE 7 Mechanism test for the third batch of LCCP policies.

2017 Model (5) All industries Polluting industries Clean industries High-tech industries

Variables lnfirmnum lnfirmnum_po lnfirmnum_n lnfirmnum_hi

LCCP 0.065 0.028 0.074 0.126

(0.105) (0.090) (0.105) (0.079)

lnGDP −0.003 −0.153 −0.042 −0.120

(0.217) (0.160) (0.219) (0.105)

lninfra −0.186 −0.019 −0.206 −0.193**

(0.138) (0.090) (0.141) (0.083)

lnHR −0.094 −0.095* −0.111 0.068

(0.105) (0.052) (0.107) (0.052)

urb 1.911* 0.243 2.030** 0.691

(0.996) (0.550) (0.991) (0.474)

gov −0.407 −0.124 −0.730 0.034

(0.949) (0.583) (0.909) (0.424)

tech −0.173 0.923 −0.313 −0.758

(1.975) (1.466) (1.881) (0.897)

market −0.001 0.001 0.007 −0.010

(0.023) (0.015) (0.023) (0.017)

lnlabor 0.784** −0.169 0.881** 0.201

(0.343) (0.233) (0.339) (0.154)

_cons −5.238 5.032* −5.758 −0.925

(4.531) (3.019) (4.529) (1.918)

Observations 1204 1204 1204 1204

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Adjusted R2 0.799 0.629 0.792 0.720
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central region, with this effect being significant at the 1% confidence
level. A possible explanation is that under environmental regulation
policies, there might be a non-linear relationship between foreign
investment saturation and FDI. The central region may be at the
“inflection point” of this non-linear relationship, amplifying the
policy effect. The central region differs from the highly saturated
eastern region (where foreign investors have high sunk costs) and the
western region (which still has ample space and investment
opportunities). At the same time, the central region may have
attracted more industries sensitive to environmental policies,
ultimately suppressing FDI through existing enterprises stopping
investment or exiting China.

For the third batch of pilots (Table 9), except for the eastern
region, they had a significant promoting effect on FDI in both
central and western regions, with the strongest promoting effect

in the western region. However, the growth in the central region
did not pass the inter-group coefficient difference test.
Combining these findings with the mechanism analysis
section, this growth trend aligns with the process of foreign
investment entering China, and importantly, this growth is
not due to the “Pollution Haven” effect.

6.2 Resource endowment heterogeneity

This section further examines the potential differences in policy
effects between resource-based cities and non-resource-based cities.
Due to the unique economic structure and development patterns of
resource-based cities, they may have different responses and
adaptability to LCCP policies. This heterogeneity analysis not

TABLE 8 Regional heterogeneity of the first batch of LCCP policies.

2010 Model (1) Eastern Non-eastern Central Non-central Western Non-western

Variables lnFDI

LCCP −0.123 −0.509*** −0.882*** −0.190 −0.073 −0.630***

(0.141) (0.171) (0.198) (0.138) (0.298) (0.108)

lnGDP 1.434*** 1.169*** 1.130*** 1.443*** 1.689*** 1.408***

(0.337) (0.275) (0.293) (0.275) (0.481) (0.256)

lninfra −0.375*** 0.057 0.032 −0.164 0.139 −0.194

(0.130) (0.195) (0.222) (0.137) (0.307) (0.120)

lnHR −0.034 0.103 −0.006 0.204* 0.261** 0.054

(0.242) (0.097) (0.132) (0.107) (0.099) (0.105)

Urb 1.688** 0.838 0.659 1.424** 0.600 0.295

(0.829) (0.599) (0.693) (0.589) (0.909) (0.536)

Gov 1.712 −0.006 −2.869** 1.546 2.212 −0.530

(2.026) (1.019) (1.253) (1.229) (1.741) (1.056)

Tech −1.522 0.139 0.391 −0.155 2.033 0.002

(1.484) (1.310) (1.269) (1.390) (2.596) (1.018)

market 0.085 0.024 0.026 0.057* 0.035 0.113*

(0.064) (0.044) (0.104) (0.031) (0.038) (0.065)

lnlabor −0.053 −0.181 0.111 −0.276 −0.649 0.115

(0.322) (0.233) (0.198) (0.363) (0.684) (0.189)

_cons −8.404 −6.918* −7.298* −9.799** −10.630 −10.457***

(5.308) (4.092) (4.031) (4.689) (8.994) (3.564)

Observations 1001 1807 1066 1742 741 2067

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.821 0.776 0.808 0.822 0.695 0.805

P-value 0.011** 0.000*** 0.002***

Note: The P-values for the between-group coefficient difference tests in the heterogeneity analysis were calculated using Fisher’s Permutation test (with 1000 sampling iterations). The same

notation applies to Table 9–11.
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only helps us comprehensively understand the impact mechanism of
low-carbon policies but also provides important basis for
formulating and implementing environmental policies tailored to
local conditions.

According to Table 10, the first batch of pilots had a greater
inhibitory effect on FDI in resource-based cities compared to
non-resource-based cities. This might be because their industrial
structure is more dependent on high energy-consuming and
high-emission industries, facing higher transformation costs
and compliance pressures. The third batch of pilots, however,
had a greater promoting effect on FDI inflows in non-resource-
based cities, indicating that non-resource-based cities have
successfully transitioned, while resource-based cities may need
more time for adjustment. Resource-based cities face greater
difficulties in transition due to path dependence, making it
challenging to effectively attract new foreign investment in the

short term. This analysis highlights the importance of
considering resource endowment when implementing low-
carbon policies and suggests that different strategies may be
needed for resource-based and non-resource-based cities to
achieve optimal results in attracting FDI while pursuing
environmental goals.

6.3 Rigor of policy implementation

Differences in local implementation capacity, governance
quality, and political incentives can also affect the policy’s
effectiveness. Regarding political incentives, officials with
higher advancement prospects may be more motivated to
actively implement LCCP policies for strong results. In
contrast, those with lower promotion prospects might exert

TABLE 9 Regional heterogeneity of the third batch of LCCP policies.

2017 Model (5) Eastern Non-eastern Central Non-central Western Non-western

Variables lnFDI

LCCP 0.120 0.549*** 0.246* 0.477** 0.924** 0.249**

(0.126) (0.159) (0.130) (0.195) (0.397) (0.099)

lnGDP −0.331 1.575*** 1.621*** 0.833** 1.794*** 0.948***

(0.259) (0.322) (0.460) (0.321) (0.387) (0.350)

lninfra −0.374 −0.308 0.184 −0.563** −0.688** 0.085

(0.331) (0.223) (0.190) (0.258) (0.338) (0.178)

lnHR −0.009 0.100 0.323 −0.081 −0.042 0.233

(0.097) (0.158) (0.248) (0.114) (0.162) (0.206)

Urb 0.630 1.441 1.693 1.855 0.479 2.306*

(1.000) (1.535) (1.904) (1.299) (2.009) (1.286)

Gov 5.198*** −0.120 −1.731 2.113* 2.417 −2.074

(1.751) (1.368) (1.716) (1.248) (1.504) (1.384)

Tech −0.208 2.604 5.340* 1.985 3.368 3.329

(1.623) (2.392) (3.016) (2.384) (3.368) (2.228)

market 0.051 0.012 0.003 0.003 −0.001 0.010

(0.033) (0.045) (0.155) (0.022) (0.024) (0.076)

lnlabor −0.930 0.367 0.982* −0.661 −0.710 1.011**

(0.668) (0.572) (0.547) (0.837) (1.168) (0.501)

_cons 20.356** −16.911** −27.372*** 4.189 −6.268 −19.543***

(8.236) (7.643) (7.971) (10.609) (14.992) (6.983)

Observations 336 868 560 644 308 896

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.897 0.807 0.829 0.834 0.694 0.838

P-value 0.066* 0.155 0.013***
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minimal effort, prioritizing a stable exit over ambitious
environmental goals, aiming only for baseline compliance
(Zeng and Zhou, 2024). Drawing on data from Yao et al.
(2020) and referencing the methodology of Cao et al. (2019),
we define the promotion incentive variable based on the timing of
policy implementation: Party Secretaries aged 55–58 in the year
of policy implementation are classified into the High Promotion
Incentive group; for municipalities, this age range is extended to
60–63. The remaining sample constitutes the Low Promotion
Incentive group. Table 11 shows the high-incentive group had a
smaller LCCP impact in the first batch but a significantly larger
FDI-promoting effect in the third batch compared to the low-
incentive group, which indicates that the policy implementation
intensity of local governments is an important factor affecting the
policy effect.

7 Further examination of the “pollution
haven” hypothesis

Figure 10 depicts the trend ofNs
it coefficient changes with spatial

distance based on the estimation results of Equation 2.

7.1 The first batch: no pollution haven effect

For model (1), the coefficients of Ns
it show no significant

difference outside the pilot cities, indicating that the first batch of
LCCP policies did not lead to obvious FDI transfer or significant
growth in surrounding cities, ruling out the “Pollution Haven” effect
of pollution transfer between regions in China. Thus, Hypothesis
H2b is confirmed, meaning the first batch of pilot cities did not

TABLE 10 City type heterogeneity.

Variables Model (1) Model (5)

Resource-based Non-resource-based Resource-based Non-resource-based

lnFDI

LCCP −0.698*** −0.288** 0.008 0.547***

(0.213) (0.123) (0.253) (0.136)

lnGDP 1.575*** 1.254*** 1.119** 1.122***

(0.372) (0.269) (0.442) (0.341)

Lninfra 0.084 0.305*** 0.437 0.048

(0.149) (0.092) (0.289) (0.069)

lnHR 0.018 0.218** 0.248 −0.077

(0.121) (0.091) (0.279) (0.116)

Urb 1.033 0.400 1.377 3.865*

(0.777) (0.605) (1.352) (2.048)

Gov 0.695 0.461 0.223 −0.891

(1.239) (1.331) (1.674) (1.854)

Tech −0.507 0.103 3.601 0.877

(1.461) (1.366) (3.127) (2.755)

market 0.052 0.096* −0.011 0.063

(0.050) (0.057) (0.047) (0.050)

lnlabor −0.562 0.245 0.437 0.423

(0.430) (0.263) (0.658) (0.829)

_cons −6.664 −13.921*** −16.957* −12.602

(5.546) (4.131) (9.464) (10.705)

Observations 1170 1638 518 686

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Adjusted R2 0.730 0.846 0.777 0.862

P-value 0.002*** 0.012**
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generate a Pollution Haven Effect and the estimation of the net effect
in the main regression was not affected. Surrounding pilots might
adopt a “status quo” strategy.

7.2 The third batch: positive driving effect

For model (5), the LCCP policy formed an “agglomeration
shadow” zone within 150 km; however, in cities 150–200 km
away, the pilots had a significant promoting effect on FDI
inflows; beyond 200 km, the driving effect of pilots on
surrounding cities’ economic growth gradually weakened to
insignificant levels, showing a “∽”-shaped random fluctuation.
This is similar to Zhang and Wang (2023) study on the effects of
LCCP policies on urban resilience.

The spatial effect distribution in model (5) may be due to the
following reasons: When cities are too close to the pilots, the FDI
driving effect is not obvious due to the agglomeration shadow zone;
only when cities exceed a certain distance threshold, escaping the
agglomeration shadow zone (Cuberes et al., 2019), local
governments may face competitive pressure from nearby
“exemplars” due to policy guidance and environmental
optimization, enhancing the attractiveness to high-quality foreign
investment and creating a demonstration effect (Zheng and Guo,
2022). When cities are too far from the pilots, under a “weak
constraint” policy environment, local governments face less
governance pressure and tend to choose a “conservative” strategy,
leading to a gradual decline and eventual insignificance of the
driving effect. Wang et al. (2022) and Wang et al. (2025)
similarly found that regional differences of the carbon emissions

TABLE 11 Promotion incentive heterogeneity.

Variables Model (1) Model (5)

High incentive Low incentive High incentive Low incentive

lnFDI

LCCP −0.236 −0.464*** 0.927* 0.351***

(0.225) (0.126) (0.475) (0.123)

lnGDP 0.625* 1.625*** 0.142 1.119***

(0.363) (0.258) (0.526) (0.353)

Lninfra −0.080 −0.137 0.598 −0.369*

(0.260) (0.132) (0.377) (0.214)

lnHR 0.134 0.072 0.095 0.103

(0.157) (0.093) (0.175) (0.170)

urb −0.298 0.804 0.128 3.799**

(1.136) (0.489) (1.698) (1.476)

gov 2.076 0.511 1.145 −1.000

(1.564) (0.945) (1.265) (1.454)

tech −0.271 0.354 −4.737 1.644

(2.922) (1.132) (4.260) (2.345)

market 0.027 0.031 0.009 0.036

(0.021) (0.061) (0.016) (0.062)

lnlabor 1.036* −0.144 1.047 0.455

(0.620) (0.213) (0.832) (0.641)

_cons −13.687 −11.113*** −9.584 −13.789*

(8.648) (3.672) (11.600) (8.310)

Observations 595 2203 262 930

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Adjusted R2 0.863 0.809 0.867 0.826

P-value 0.121 0.040**
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of the construction industry and construction waste exhibit strong
spatial heterogeneity, providing insights into spatial spillover effects
from different perspectives.

It is worth noting that although the LCCP policy formed an
agglomeration shadow zone within 150 km, its impact is not
significant. This result suggests that the pilot policy’s promoting
effect on urban foreign investment inflows is not achieved through
spatial reallocation of stock resources, but shows a significant net
growth effect. This finding emphasizes, from a spatial perspective,
the positive role of LCCP policies in promoting regional economic
development and attracting foreign investment, consistent with the
conclusion in the mechanism analysis that the third batch of pilot
policies promoted FDI through existing foreign enterprises
expanding investment scale rather than promoting new foreign
enterprises to settle in China (corresponding to the latter part of
Hypothesis H4).

8 Conclusion

8.1 Key findings

Our analysis reveals China’s weakly binding Low-Carbon City
Pilot (LCCP) policy exhibited significant temporal heterogeneity in
its impact on Foreign Direct Investment (FDI): the initial 2010 batch
inhibited FDI inflows by deterring polluting and high-tech entrants,
while the later 2017 batch significantly promoted FDI by
encouraging existing foreign firms’ investment expansion. These
findings challenge the Pollution Haven Hypothesis in this context,
demonstrating evolving adaptation of foreign-invested enterprises
(FIEs) under weakly binding regulations.

8.2 Theoretical contributions and policy
implications

8.2.1 Theoretical contribution
This study uniquely contributes by analyzing the complex,

evolving effects of a weakly binding environmental policy on
FDI. It highlights that under such flexibility, firm strategies
involve not just compliance but active adaptation, explaining the

shift from initial entry deterrence to later investment expansion by
incumbents.

8.2.2 Policy implications
The results suggest that appropriately flexible or moderately

lenient environmental policies can serve as an effective screening
mechanism for FIEs, attracting firms willing to adapt and innovate,
thereby enhancing overall FDI quality, as evidenced by the third
batch’s outcomes. Policymakers should leverage this by designing
adaptive regulations, supporting incumbent transitions, tailoring
regional approaches, and aligning local incentives. Specifically, our
enhanced policy recommendations include:

Designing Adaptive and Dynamic Environmental Regulations:
Given observed temporal heterogeneity, policies should incorporate
mechanisms for regular review, evaluation, and flexible adaptation
to maximize effectiveness. Differentiated policies and targets are
needed to align with regional diversity and specific local conditions.

Supporting Incumbent Industries and Foreign-Invested
Enterprises (FIEs) in Green Transitions: Given the challenges
resource-based cities have faced in their transition, targeted
support, including financial incentives and technical assistance, is
crucial to facilitate the green transformation of existing
industries and FIEs.

Aligning Local Government Incentives and Performance
Evaluation: Integrating environmental performance into cadre
evaluation systems and reforming fiscal transfers will ensure
stronger commitment and effective policy implementation.

8.2.3 International context
China’s experience indicates that exploring moderate, adaptable

environmental regulations, rather than solely stringent mandates,
offers a potentially viable pathway for other developing or transition
economies. This approach can help balance growth and
sustainability, potentially fostering innovation and attracting
higher-quality FDI without necessarily triggering widespread
capital flight.

8.2.4 Practical significance
This offers a novel pathway for achieving sustainable

development goals. Rather than being ineffective, loosely
constrained environmental policies may, through their inherent

FIGURE 10
Spatial spillover effects.
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flexibility, stimulate innovation and guide high-quality FDI, thus
enabling policymakers to more accurately reconcile environmental
and economic aims.

8.3 Outlook: limitations and future research

Key limitations include the lack of firm exit data and the
difficulty in pinpointing the exact policy elements driving batch
heterogeneity from econometric analysis alone. Future research
should prioritize using Natural Language Processing (NLP)
techniques on regional policy texts to systematically analyze the
specific implementation processes and variations across pilot cities
and batches, thereby providing deeper insights into the mechanisms
behind the observed heterogeneous effects. Combining this with
firm-level exit data would offer a more comprehensive
understanding.
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