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1 Introduction

The concept of a sustainable transition is multifaceted and encapsulates fundamental objectives such as
meeting human needs, alleviating hunger and poverty, and curbing emissions and pollutants (Parris &
Kates, 2003). Within this diverse landscape, this thesis focuses on sustainability transitions in the
environmental and energy sectors. In an era characterized by escalating global environmental concerns,
a concerted effort toward sustainability is required to combat challenges related to climate change,
public health, social equity, and energy security (Markard et al., 2012, 2020; Williams & Doyon, 2019;
Lindberg et al., 2019). The adoption of the Paris Agreement in 2015 stands as a testament to the
international commitment to limit the rise in global temperatures to within 2 °C above pre-industrial
levels throughout the 21st century; this calls for nations to continually update their nationally
determined contributions (Li & Taeihagh, 2020). Given its status as the world's largest GHG emitter
and a significant driver of global resource consumption, China's journey toward sustainability holds
profound implications for the entire planet.

In 2021, following a reduction the previous year resulting from measures enforced to contain the
COVID-19 pandemic, global emissions rebounded sharply to their highest ever level. China’s CO2
emissions rose above 11.9 billion tons, accounting for 33% of the global total and largely attributable
to China's reliance on coal, which highlights the country’s substantial global footprint (IEA, 2022).
Alarmingly, China exhibits relatively high-unit GDP energy consumption and carbon dioxide emissions
comparing to the global average (Zhang & Chen, 2022). It is evident that a reduction in China's CO2
emissions carries unparalleled significance in the context of climate change mitigation. Concurrently,
China grapples with severe air pollution, a pressing environmental issue that poses grave threats to
human health and the natural environment (Fan et al., 2020). Therefore, China's shift toward sustainable
development is pivotal not just for its own well-being but also for the collective ability of the world to
address climate change and safeguard our shared environment.

China strengthened its commitment to climate action in 2020, pledging to peak CO2 emissions by
2030 and aiming for carbon neutrality by 2060 (Su & Tan, 2023). It has since implemented a series of
stringent air quality standards, rolled out a nationwide air quality monitoring network, and initiated the
Clean Heating Program to combat pollution (Kuerban et al., 2020). These efforts show China's long-
term ambitions and priorities on sustainability transition. The current policy supports for a sustainable
transition in China focus on a few aspects, as described in China's 14th Five-Year Plan; in particular,
these are the energy transition, sustainable urban development, and sustainable investment priorities
(Hepburn et al., 2021).

The academic domain of sustainability transitions investigates the intricate interplay between
technology, policy, institutions, markets, and society, all while embedding these within the national
political economy (Bhamidipati et al., 2019). One of the core themes in sustainability transitions

research is the role of public policies in transition processes (Rogge & Reichardt, 2016; Alkemade et



al., 2011; Haley, 2017). Previous studies argue that sustainability transition policies are vital for
addressing the multifaceted challenges of climate change, because the traditional market-failure
perspective falls short of grasping the complexity of the climate crisis and the need for comprehensive
systemic change (Rosenbloom et al., 2020). Sustainability transition policies recognize that a low-
carbon future requires various levers, from nurturing innovations to phasing out carbon-intensive
technologies and reshaping regulations. It isn't about a single policy but a sequence of decisions driving
change in technologies, business models, and practices.

In the realm of transition studies, there is a burgeoning research agenda focused on attaining a more
profound comprehension of policies and their political dimensions (Markard et al., 2012). Much of the
theoretical framework in this field underscores the impact of policies in shaping the trajectories of
transitions by formulating long-term sustainability targets (Reichardt & Rogge, 2016), defining
environmental standards (Girod, 2016), providing R&D funding (Alkemade et al., 2011) or granting
market support for new technologies (Lindberg et al., 2019). Scholars have also elaborated on analytical
conceptualizations concerning 'policy mixes' within the domains of innovation studies and sustainability
transitions, emphasizing the importance of employing a combination of policy objectives and
instruments rather than relying on single instruments (Rogge & Reichardt, 2016; Rogge et al., 2017;
Kern & Rogge, 2018). Building upon the findings of previous studies, this dissertation seeks to address
a fundamental research question: How are sustainability transition policies formulated and executed,
and what impact do they have on the transition process within the Chinese context?

This cumulative dissertation comprises four interlinked papers, each addressing a unique aspect of
sustainability transition within the Chinese context. It explores the fertile landscape of sustainability
transition in China, providing a comprehensive analysis of policy instruments and their practical
implications. The central theme of this work revolves around the examination of policy support for
sustainability transition at various levels and across diverse geographic contexts in China. This research
represents an in-depth exploration of the interactions between policies, stakeholders, and geographic
disparities, enhancing our understanding of the intricacies involved in policy design and implementation
and of how these are crucial to achieving sustainability objectives. It offers valuable insights for
policymakers, researchers, and stakeholders, with the aim of advancing China and other nations toward
a more sustainable future.

The papers in this dissertation are categorized into two parts. The first part, comprising Paper One
and Paper Two, delves into the examination of policy instruments and policy implementation in the
context of sustainability transitions within China, taking a multilevel approach. This part aims to dissect
the interplay between various actors and factors across distinct governance levels and their impact on
the processes of policy formulation and implementation. This analysis provides insights into the
evolution of sustainability transition policies and into changes in China’s environmental governance.
The second part, encompassing Paper Three and Paper Four, shifts the focus to policy outcomes,

adopting a geographical perspective. The aim here is to illustrate the spatial disparities and
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heterogeneity within sustainability transitions and to explore the role of policies in contributing to these
geographical variations. Additionally, it delves into the vital concepts of a just transition and social
equality, emphasizing the significance of policies in ensuring the equitable distribution of sustainability
benefits and in strengthening communities and ecosystems to withstand environmental changes.

The rest of this dissertation's introduction commences with a presentation of the key concepts
employed in the subsequent chapters. Subsequently, it delineates the principal theoretical underpinnings.
This is followed by a condensed summation of the findings from the four papers. Finally, the conclusion

highlights the contributions made and identifies potential avenues for future research.

1.1 Central concepts

Sustainability transition encompasses various dimensions, and in the past decade, extensive research
has contributed to understanding the complex shifts required for sustainable modes of production and
consumption in sectors like transport, energy, housing, agriculture, and food (Geels, 2005; Jacobsson
& Bergek, 2004, Markard et al., 2012). China's Five-Year Plans (FYPs) play a crucial role in guiding
the country's economic and social development while outlining sustainability transition goals. The 14th
FYP emphasizes three key areas: energy transition, sustainable urban development, and investment
priorities. This thesis focuses on two of these areas, specifically energy transition and investment
priorities, offering insights into China's sustainability journey and delving into the challenges and
opportunities within these domains. The thesis examines various policy processes, including policy
design, implementation, and outcome evaluation, to provide a comprehensive analysis.

The first paper focuses on green finance policy, which involves channeling public and private green
investment through a green financial system supported by green finance policies (Welling, 2017). This
is particularly important for sustainability transitions because insufficient investment has been a major
concern for green projects around the world (Hafner et al., 2020). The primary objective of the first
paper is to examine the evolution of the green finance policy mix in China. The concept of policy mixes,
which encompasses multiple policy goals and instruments, processes of policy formulation, and the
evolution of instrument selection, has gained prominence in policy science research over time (Howlett
& Rayner, 2007). Time and scale are two crucial dimensions of a policy mix, as policy strategies and
instruments change over time, and policies are designed and implemented at different scales (Flanagan
et al., 2011; Milhorance et al., 2020).

The temporal changes in policy mixes follow different paradigms and are often discerned through
the analysis of shifts in policy focus and instruments (Capano & Howlett, 2020). Policy patching and
policy stretching are common mechanisms in the development of policy mixes (Rayner et al., 2017).
Both "patching" and "stretching" policies are prevalent in China and can be identified in the evolution
of green finance policy. Vertical interactions between instruments and actions at different levels of
governance are also significant in policy mix analysis (Flanagan et al., 2011). Policy instruments

enacted at one level of governance can influence policymaking at other levels. In China, policymaking



and implementation involve a two-way interaction across governance levels. Subnational governments,
instead of passively receiving policies, also adapt policies to suit local contexts and initiate innovative
policies that may influence policymaking at higher levels.

The second paper focuses on the energy transition of China's heating system, particularly
examining its policy implementation. It's widely recognized that not all policy implementations are
successful. In fact, the implementation gap presents a significant challenge to environmental
governance (Schreifels et al., 2012). Existing literature predominantly centers on explaining weak and
inefficient policy enforcement, often referred to as under-implementation (van Rooij, 2006).
Interestingly, under China's authoritarian regime, policy over-implementation is a well-known
phenomenon and is manifest, for instance, in its anti-corruption measures and its response to the
COVID-19 crisis (Cai et al., 2021). However, this phenomenon has only emerged over the last decade
in the field of environmental governance. To address this research gap, the second paper explores how
China's environmental policy implementation, specifically through the coal-to-gas clean heating
program (CTG), has tackled long-standing challenges within the environmental governance system and
resulted in over-implementation.

Policy over-implementation in China is often linked to its authoritarian approach. Scholars have
categorized China's environmental governance as authoritarian environmentalism, emphasizing the
significant role of a strong central authority in ensuring the swift and effective implementation of
environmental policies (Eaton & Kostka, 2014). In recent years, the centralized reform of China's
environmental governance system has been propelled by the recentralization of power within the
central government and by its strong commitment to environmental issues since 2012 (Kostka & Nahm,
2017). These changes have resulted in notable improvements in the local implementation of central
environmental policies and occasional instances of over-implementation in environmental policy.
However, an authoritarian approach may involve a trade-off between rapid environmental response and
the safeguarding of individual freedoms and rights, potentially leading to social injustice (Jia & Chen,
2019).

The third and fourth papers of this thesis focus on the energy transition in the automotive sector,
with a specific emphasis on electric vehicles (EVs). In the third paper, | demonstrate that the distribution
of the EV sector in China is uneven, and explore how factors such as policy, economics, and socio-
demographics can account for this spatial variation. The fourth paper investigates how EV policies
generally promote EV adoption but also reveals that their impact varies across different local contexts,
which can exacerbate the existing disparities in EV adoption.

Energy transitions occur within specific socio-economic contexts that are characterized by unique
institutions, historical backgrounds, infrastructures, and energy compositions. Consequently, the
outcomes of these transitions are often distributed unevenly across different regions (Balta-Ozkan et al.,
2015). Given the vast size and complexity of China, it is reasonable to expect that the energy transition

will exhibit regional disparities at the provincial level. Despite the significant growth of EVs in China,
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it is essential to acknowledge that EV adoption varies widely among the country's diverse regions (Yao
et al., 2022). Furthermore, existing research in this area has predominantly focused on two aspects: EV
sales and the performance of the EV industry. However, the lack of a comprehensive framework inhibits
an assessment of the overall development of EVs. Therefore, the third paper of this thesis serves as a
valuable starting point for the development of a comprehensive framework that takes into account
different geographical areas.

In the third paper, | examine various factors influencing the EV sector. These encompass economic
and socio-demographic elements such as GDP per capita, income per capita, degree of urbanization,
and population density. Furthermore, given the disruptive nature of EVs within the automotive industry,
the study also explores the role of existing automotive industries in the development of EVs.
Additionally, considering the significance of policy mixes in the EV sector, the third paper delves into
the specific details of policy instruments and their external influence on the development of the EV
sector. Building on this exploration of policy instruments, the fourth paper shifts its focus to EV policies.
It provides a deeper understanding of how policies function, particularly in diverse geographical
contexts, and underlines their varying impacts.

The fourth paper aims to address two key questions: First, it examines the effectiveness of EV
policies; and second, it investigates whether the impact of these policies varies across different local
contexts. This study acknowledges two dimensions of heterogeneity in policy implementation: the
variations in the policies themselves, which encompass different policy instruments and the extent of
their implementation, and the heterogeneity in policy effectiveness as influenced by other factors,
especially the characteristics of the local context. It's important to note that geographical factors have
the potential to amplify the impact of EV policies in specific areas. The research findings highlight a
strong association between the uneven distribution of EVs and the alignment (or misalignment) between
EV policies and the diverse local contexts in which they are implemented.

Understanding the varying patterns of EV adoption across regions and reevaluating existing policy
frameworks are essential steps in achieving a just energy transition. Such a transition seeks to ensure
that safe, affordable, and sustainable energy is accessible to all individuals, irrespective of their income,
wealth, gender, or ethnicity (Wang & Lo, 2021). Ideally, well-crafted policies should play a critical role
in addressing these disparities. However, current local-level EV policies often fall short of this objective,
and in certain cases, they may even worsen existing societal inequalities (Sovacool et al., 2019). An
uneven energy transition can lead to problems when new technologies, investments, and job
opportunities concentrate in more affluent areas, exacerbating economic disparities and further

disadvantaging those in less prosperous regions (Naqvi et al., 2021).



1.2 Theoretical rationale

1.2.1 Sustainability transition policy: Multilevel perspective and multilevel governance

In the realm of sustainability transitions, the multi-level perspective (MLP) stands out as a valuable
analytical framework (Grin et al., 2011; Genus & Coles, 2008). The MLP serves as a middle-range
theory designed to provide a comprehensive conceptualization of the dynamic patterns within socio-
technical transitions (Geels, 2011, 2012). These transitions are intricate, non-linear processes influenced
by interactions at three crucial levels: the niche (micro), socio-technical regime (meso), and landscape
(macro) (Geels, 2002, 2004, 2005; Verbong & Geels, 2007). The MLP focuses on understanding the
evolution of radical innovations in space and time, emphasizing the interplay between processes at
different societal scales over time (Sorrell, 2018). The primary focus of this thesis rests on the meso
level, where it closely examines the roles of regimes and governance, investigating how actors, policies,
and power from diverse levels impact sustainability transitions over time.

While the importance of politics, policies, and power in sustainability transitions is apparent given
the complex nature of these transformations (Smith et al., 2005), the MLP has overlooked the
distribution of power and politics within landscapes, dominant regimes, and socio-technical niches,
along with their varying allocations and mediation, which has resulted in a marked research gap
((Lawhon & Murphy, 2012; Patterson et al., 2017; Geels, 2019). Politics is intricately woven into all
three levels of the Multi-Level Perspective. At the landscape level, it influences economic conditions,
innovation direction, and technological deployment (Meadowcroft, 2011). The regime level
encompasses legal and regulatory aspects that can either support or undermine dominant regimes, while
the niche level plays a role in shielding or exposing niches and in influencing innovation (Markard et
al., 2016).

Researchers have also taken an interest in understanding how policies, originating from various
levels, can propel the shift toward environmental sustainability (Kern & Rogge, 2018). Policies
encompassing incentives, regulations, and standards are pivotal in influencing the trajectory of
sustainability transitions. Successful sustainability transition policies frequently entail collaborative and
harmonized interactions, knowledge exchange, and policy learning across different tiers of government
(European Environment Agency, 2018). Recent research has been transitioning toward the diffusion of
niche innovations, shifting the focus from individual policy instruments to recognizing the significance
of policy mixes (Kivimaa & Kern, 2016; Rogge & Reichardt, 2016; Kern et al., 2019).

A second criticism of MLP is its lack of consideration for scales and agencies (Markard et al., 2012;
Geels & Schot, 2010). MLP's primary focus on niches and regimes from a single scale overlooks
significant distinctions between different scales (Coenen et al., 2012). Actors operate at various scales,
exerting influence and molding transitions. Hence recent studies have endeavored to emphasize agency
(Ehnert et al., 2018; Hess, 2014). Government, among the most influential agencies, plays a crucial role
in promoting and shaping sustainability transitions (Kemp et al., 2007). To address this concern, | also

incorporate multilevel governance (MLG) frameworks into the analysis.



MLG delves into the impact of power on policy development and implementation across various
governance levels, often concentrating on national-supranational relationships in existing literature (Di
Gregorioetal., 2019). In the study of sustainability transitions, MLG helps to elucidate how institutional
structures shape transition governance by examining the dynamic relationships among actors and the
distribution of power across multiple territorial levels (Ehnert et al., 2018). Researchers have pursued
two primary avenues: One involves authority allocation and highlights the distribution of decision-
making power among actors at different levels and of different types (Liesbet & Gary, 2003; Daniell &
Kay, 2017);the other concerns governance scales and investigates decision-making and interactions
among actors at different scales (Gibson, 2019).

The multilevel and multiscale interactions in this context are particularly relevant given China's
multilevel political structure (Huang, 2019). In the realm of sustainability and climate governance, the
central government generally sets policy goals, but implementation experiments are often introduced at
the regional or local level (Schreurs, 2017). National governments play a crucial role in shaping
sustainability policies and regulations by establishing frameworks, setting targets, and allocating
resources to promote sustainability across various sectors. Simultaneously, sustainability transition
policies may originate at the local level, where communities, municipalities, and regional governments
develop and implement initiatives tailored to their specific needs and contexts. Notably, the interaction
between different policy levels is not a purely top-down process but involves a two-way influence in
which the local level can also impact policies at higher levels (Faller, 2014). This rationale is a
significant focus of this thesis.

The incorporation of the MLG approach into the study of sustainability transition policies enables
researchers, policymakers, and stakeholders to analyze the interplay of factors and stakeholders across
various levels, from the local to the global, and to consider different timeframes. Effective coordination
and collaboration among these levels are pivotal for the successful development and execution of
sustainability transition policies. Furthermore, ensuring the consistency and coherence of policies
across different levels of government stands as a central concern within multilevel governance. MLG
mechanisms can assist in reconciling conflicting policy objectives and in ensuring a unified approach
to sustainability transitions. This characteristic carries significant importance within this thesis,
particularly when investigating sustainability transition policy instruments and their implementation (as

presented in the first and second papers).

1.2.2 Unlocking the complexity of sustainability transition: A geographical perspective

How do sustainability transitions manifest in diverse geographical settings, and what is the significance
of spatial contexts in these transitions? While MLP theory offers a robust analytical framework for
evaluating the potential of more sustainable socio-technical systems, it has faced criticism for its limited
consideration of the spatial dimensions where transitions occur and the spatial structures and dynamics

of the networks in which transitions evolve (Coenen et al., 2012, Smith et al., 2010; Truffer et al., 2015).



Given the multitude of interconnected factors, contexts, and actors operating at various geographical
scales, examining geographic disparities becomes crucial for providing the necessary spatial context to
comprehend the institutional mechanisms involved in sustainability transitions (Truffer & Coenen, 2012;
Coenen et al., 2012; Raven et al., 2012; Binz et al., 2020).

A geographical perspective offers insights into the scales, spatial aspects, and context-specific
variables that influence transitions, aiming to elucidate the reasons and mechanisms behind the
similarities and differences in transitions across various locations (Binz et al., 2020; Koéhler et al., 2019).
The concept of socio-spatial embedding considers the unique conditions of specific places, regions, or
cities, which can either facilitate or hinder sustainability transitions. These conditions are shaped by
factors such as natural resource availability, distinct cultures, localized institutions, regulatory and
transnational environments, policies, networks, and regional industrial specialization (Raven et al., 2012;
Bridge et al., 2013; Hansen & Coenen, 2015; Markard et al., 2020). An examination of these contextual
elements enriches our comprehension of why particular developments take place in specific locations
and not in others. This understanding provides valuable insights for policymaking and the adaptation
of successful initiatives to diverse geographic settings (Coenen et al., 2012; Coenen & Truffer, 2012).

Research on the geographical perspective of sustainability transitions emphasizes the importance
of sustainability-focused industrial and regional policies (Truffer & Coenen, 2012). Different regions
possess unique characteristics that influence their sustainability profiles. Consequently, local actors are
crucial in formulating effective policies because they have on-the-ground knowledge, specifically,
insights into place-specific conditions and the capacity to tailor policies accordingly (Hansen & Coenen,
2015). When crafting policies, it is essential to consider the innovative potential at the local level and
account for regional variations in this potential. The effectiveness of policies is highly dependent on
local contexts, and what succeeds in one region may not work as well in another due to variations in
local ecosystems, cultures, or economic structures (Bachtrogler et al., 2020; Gagliardi & Percoco, 2017).
Additionally, the capabilities and motivations of local governments play a central role in shaping
sustainability policies. Local governments differ in their capacity to address climate-related issues and
promote sustainability transitions through public policies (Salvador & Sancho, 2021).

As can be gleaned from the above, sustainability transitions often result in spatial differentiation
and uneven development, highlighting the need to manage these transitions in a way that reduces
inequalities rather than exacerbates them, which poses a significant policy challenge (Balta-Ozkan et
al., 2015; Bridge et al., 2013). Incorporating a geographical perspective into transition analyses is
crucial for understanding the factors that influence geographically disparate transition processes. Spatial
contexts provide valuable insights into the spatial disparities observed in sustainability transition
pathways (Strambach & Pflitsch, 2020; Shove & Walker, 2007). Governance structures and policies
vary significantly across different levels and play a pivotal role in shaping sustainability transitions. As
a result, scholars emphasize the importance of addressing social justice within sustainability transitions

(Bennett et al., 2019). The concept of a "just transition" within the energy sector, which focuses on
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equity and justice issues related to energy and climate challenges, has gained prominence in the past
decade (Wang & Lo, 2021). Specific policies need to be designed to make transitions more equal
because current low-carbon transitions may inadvertently create new injustices and vulnerabilities
instead of addressing existing socio-economic inequalities (Sovacool et al., 2019).

This thesis pays special attention to policies in order to uncover the disparities in the geographical
landscape of sustainability transitions. Adopting a geographical perspective allows for the examination
of how policies and regulations interact across various regions, particularly within distinct local contexts.
This perspective is vital in my thesis for assessing the outcomes of sustainability transition policies in
the third and fourth papers. It recognizes the diverse contexts that play a role in sustainability transitions,
enabling researchers and policymakers to formulate more comprehensive, context-specific strategies
for tackling the multifaceted challenges of sustainability.

Sustainability transition is a complex process that unfolds across multiple levels and geographical
contexts and thus requires a thorough understanding of policy drivers. The Multi-Level Perspective
offers a robust framework that underscores the significance of politics, policies, and power in shaping
transitions. The Multi-Level Governance approach provides insights into how power influences policy
development and implementation across various levels of governance, facilitating effective
sustainability transitions. Exploring spatial dimensions and geographical disparities enhances transition
research by revealing geographic aspects of sustainability transitions, which in turn enables the
development of context-specific policies and strategies for promoting fair and equitable transitions.
These frameworks provide a solid theoretical foundation for analyzing China's sustainability transition

policies.

1.3 Methodological approach

This thesis has used a variety of research methods, including qualitative and quantitative research.
Specifically, the first paper used document analysis to trace the development of China’s green finance
policy mix. It conducted a systematic review of the national and provincial policy documents to uncover
the evolution and characteristics of the green finance policy mix in China. | extracted data from the
policy databases, obtaining 418 relevant policy documents including notices, guides, announcements,
plans, and government work reports, all published between 2006 and 2020. To code the documents and
conduct an in-depth analysis of policy mixes, | used a tri-fold classificatory scheme that includes
command and control, market-based, and information instruments.

The second paper conducted a case study focusing on the implementation of the coal-to-gas (CTG)
clean heating policies in China. | chose the CTG program as it is a good case to study environmental
policy over-implementation in China. In response to the worsening smog problem, China launched the
Air Pollution Action Plan during the 12th FYP period (provide DATES in brackets), with the aim of
improving air quality within five years. As part of this plan, the CTG program was implemented to

phase out the use of bulk coal for heating in rural areas of Northern China. The central government



initiated a campaign-style enforcement of CTG in 2017 to achieve the environmental goals set by the
2013 Action Plan. However, the implementation of CTG has also resulted in issues such as over-
implementation, gas shortages, and inequality. This paper employed a combination of secondary and
primary data. The analysis primarily relied on publicly available secondary data, which | sourced from
governmental websites, social media, local newspapers, academic literature, and other public texts. In
addition to the secondary data, | collected primary data through semi-structured interviews.

The third paper employed a two-step analysis approach to investigate the spatial distribution of EVs
at the subnational level in China and to identify the factors influencing it. In the first step, I used five
indicators related to the EV sector as variables and conducted a cluster analysis. The variables included
EV production, purchase, patents, charging infrastructure, and electric buses. To this end, | used a fuzzy
c-means clustering method (FCM). This approach allowed for a more comprehensive assessment of the
development level of the EV sectors by integrating multiple indicators and generating spatial patterns
in the distribution of the EV sectors as well as by identifying their characteristics in different regions.
Unlike hard-clustering techniques such as k-means clustering, FCM does not assign observations to a
single cluster alone. Instead, it provides degrees of membership as an output, expressed in percentages,
indicating the extent to which each observation belongs to each cluster.

Subsequently, in the second step, | selected one province from each cluster and examined it as a
case study, according to the result of degrees of membership obtained from the cluster analysis. Four
provinces from four clusters were identified. The goal of the comparative case study was to understand
the reasons behind the differences observed among the clusters of provinces. Several factors including
economic and socio-demographic ones, the role of existing automotive industries, and policy
instruments were extracted.

The fourth paper employed a three-step analysis. Firstly, | used panel data analysis to evaluate
China’s EV incentive policies in 80 pilot cities from 2010 to 2022. The panel data model has gained
widespread acceptance for analyzing policy effects thanks to its ability to provide more accurate
predictions of individual effects by utilizing a larger number of degrees of freedom and sample
variability (Qiu et al., 2019). The dependent variable in this study is the EV market share of each city.
The independent variables encompass various EV policies and comprise two financial policies — total
purchase subsidy and parking benefits — along with two non-financial policies: driving privilege and
charging infrastructure. Secondly, cities were stratified based on varying income levels, traffic
congestion, population density, and administrative hierarchy, enabling a detailed examination of the
heterogeneous impacts of EV policies across diverse local contexts. Additionally, 1 employed the
Difference-in-Differences (DID) estimation method to assess the robustness of the panel model results.
While panel data models provide insights into the effects of policies over a substantial period, the DID

method allows for an investigation of dynamic changes in policy effects over time.
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1.4 Empirical findings
This section briefly summarizes and compares the empirical findings of the four articles in this

cumulative dissertation.

1.4.1 The policy mix of green finance in China: An evolutionary and multilevel perspective

The first paper delves into the evolving landscape of green finance policies in China from a multilevel
perspective, employing an evolutionary lens that underscores the importance of time and scale as
dimensions.

In response to global climate imperatives, green finance has gained significant traction as a policy
tool aimed at channeling investments into environmentally sustainable projects. This study conducted
comprehensive document analysis to examine the temporal progression of green finance policy mixes
in China, shedding light on the nuanced shifts in policy objectives and instruments, both at national and
provincial levels. The findings of this study highlight three key points.

To begin, this study demonstrates the significance of considering time and scale as fundamental
dimensions in policy mixes. Policies and their associated strategies evolve over time and are
implemented at various governance levels. The evolution of green finance policy mixes reveals
mechanisms known as 'policy patching' and 'policy stretching,’ which, despite some scholars' concerns
about suboptimal outcomes, can be cautiously designed to yield effective policy mixes. Furthermore,
within China's multilevel political framework, it is important to recognize that policies operate at
different governance levels, and the decisions made at one level can significantly influence
policymaking at others. This interaction is a two-way process, encompassing both top-down and
bottom-up dynamics.

Secondly, the study's results reveal a transitional phase in China's green finance policy mix. Over
time, the policy objectives have maintained consistency, progressing from broader environmental
protection and energy conservation to more specific targets, such as carbon emission reduction,
enhanced energy efficiency, and fostering green development. The policy instruments have also evolved,
moving away from traditional command-and-control tools and toward a more intricate mix of
instruments. China has progressively shifted its policy strategy away from direct government
intervention and investment. Instead, it has embraced a market-oriented approach, focusing on the
development of a green finance market that relies on market-based mechanisms and financial products.

Thirdly, the study's results reveal a vertical progression in the evolution of China's green finance
policy mix, shifting from primarily top-down processes to multi-level interactions. During the initial
stages of green finance policy development, subnational practices significantly lagged behind central-
level policy design and implementation. The central government took the lead in policy design and
provided guidance to local governments on policy development and implementation. However, as time
passed, local experimentation began, with subnational governments becoming more proactive in

stimulating local innovation. These innovative practices influenced green finance policy design at the
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central government level and in other regions. For example, local experiments in green finance policies
explored various development models for the local financial system and took into account diverse local
contexts. These innovations subsequently impacted the central government's policy design and, in some
instances, diffused to other jurisdictions.

In this new stage of China's green finance policy, several changes have emerged. Notably, there is
an effort to promote the involvement of non-state actors in green finance activities. Until recently,
China's green finance policy was primarily characterized by substantial government intervention in
financial activities, with public actors being the driving force behind green finance development. State-
owned banks in particular have played a significant role in implementing central policies. However, the
influence of the private sector and civil society has been relatively limited, resulting in a highly policy-
driven and top-down approach to the development of green finance in China. Nevertheless, the
increasing demand for green investments, driven by China's commitment to achieving carbon peaking
by 2030 and carbon neutrality by 2060, has necessitated the expansion of participation beyond public

actors.

1.4.2 Implementation gap of China’s environmental policies: Logic behind the over-implementation of
the Coal to Gas transition

The second paper delves into the reasons for the over-implementation of environmental policies in
China within the framework of the country's multilevel governance. Using the coal-to-gas clean heating
program as a case study, this research constructs a conceptual framework to elucidate how local
environmental policies are implemented in the context of China's evolving environmental governance.
The findings of this paper posit that the recentralization of environmental governance and a stronger
environmental commitment have redefined the interactions between various levels of government.
Policy over-implementation can be ascribed to several factors, including political pressures,
administrative advantages, and positive economic incentives, all under the backdrop of a high degree
of state control in an environmentally authoritarian context.

In China, conflicts of interest between government levels, discretionary power, inadequately
designed incentive mechanisms, and institutional fragmentation have frequently led to the under-
implementation of environmental policies, as documented in previous research (Schreifels et al., 2012;
van Rooij, 2006). However, China has undergone significant changes in its political landscape,
including political recentralization and shifts in environmental governance. Steps have been taken to
enhance the central government's control over local actors, and the central government has transitioned
from prioritizing economic growth to emphasizing sustainable development. Consequently, the central
government has exhibited a heightened commitment to environmental protection and adopted more
authoritarian and top-down enforcement strategies (Lo, 2021).

These contextual changes have brought about positive shifts in the implementation of

environmental policies. First, the central government's strong commitment to environmental protection
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serves as a motivating factor for subnational governments to diligently carry out environmental policies.
Subnational government officials, driven by their career ambitions, often engage in self-reinforcement
strategies, displaying behavior characterized by "political awareness" or "high political sensitivity."

Second, the central government formally engages subnational governments through its
administrative system. Officials' career advancement relies on recommendations from higher-level
authorities, and the recentralization process has bolstered the evaluation of local officials, intensifying
competition based on performance. Local officials are encouraged to surpass their competitors by
setting higher targets. The central government has amplified the significance of ecological indicators in
evaluations, introduced penalty mechanisms, and applied promotion pressure. These measures compel
local governments to prioritize environmental protection and meet higher-level targets.

Third, the central government employs various financial strategies. Transfer payments are used to
offset the opportunity costs associated with environmental protection, effectively aligning the interests
of central and local authorities. Additionally, the central government offers subsidies and rewards for
policy implementation, linked to performance, thereby stimulating local competition for larger
incentives.

In summary, when the central government demonstrates a strong commitment to environmental
protection, establishes ambitious targets, and provides substantial incentives, the conflicts of interest
between different government levels can undergo a transformation. Faced with intense top-down
pressure, local governments are compelled to prioritize specific policies in accordance with the central
government's preferences and to mobilize all possible resources to meet the assigned targets. Moreover,
when a higher-level government launches a governance campaign, local governments may incline
toward over-implementing certain policies to bolster their political achievements and compete with
other governments.

Nonetheless, although recentralization can aid in resolving conflicts between environmental policy
designers and re-designers, it may also give rise to new conflicts among local implementers at various
levels. The centralized policy-making process, which excludes the participation of local implementers,
falls short of addressing conflicts at the grassroots bureaucratic level. Furthermore, the authoritarian
enforcement of policies overlooks opposition from policy recipients, which can potentially harm
specific social groups and communities, perpetuating social injustice and inequality. It is essential to
ensure the meaningful participation of all stakeholders, particularly those impacted by the policy, in the

policy-making process.

1.4.3 Why does electric vehicle deployment vary so much within a nation? Comparing Chinese
provinces by policy, economics, and socio-demographics
The third paper navigates the multifaceted landscape of EV deployment within China, shining a

spotlight on the spatial disparities in the EV sector.
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In the initial step, this study employs a cluster analysis technique, specifically the c-means
clustering method, utilizing five EV-related indicators. This analysis is conducted to examine the spatial
distribution of the EV sector across 25 provinces in Mainland China. The results uncover regional
disparities and categorize the provinces into four distinct clusters: Producers, Retailers, Green Transport,
and Laggards. The Retailers cluster is characterized by above-average metrics for EV sales, charging
infrastructure coverage, and EV patents. The Producers cluster exhibits a high proportion of EVs in its
overall vehicle production and a significant share of electric buses in its total bus fleet. The Green
Transport cluster is marked by its high proportion of electric buses in the total bus fleet but receives
lower scores in other indicators. The Laggards cluster displays low values across all variables,
indicating an underdeveloped EV sector.

The cluster analysis brings to light specific geographic trends in China's EV development. Firstly,
coastal regions emerge as leaders in terms of production and sales, in line with the overall economic
advancement at the provincial level. Conversely, provinces in the northeast and southwest regions of
China are predominantly categorized within the Laggards cluster, signifying a comparatively lower
level of EV sector development. Additionally, the significance of two major cities, Beijing and
Shanghai (classified as provinces), underscores the urban-rural divide. These spatial trends highlight
the diverse attributes of EV sectors among provinces and emphasize the necessity of comprehending
the underlying factors contributing to this diversity. Such insights can provide valuable guidance to
policymakers when designing more effective policies and strategies.

In the second step, | conducted a comparative case study, selecting one representative province from
each cluster to explore the factors contributing to variations in provincial EV development. The results
highlight that provincial economic and socio-demographic factors, in conjunction with policy
combinations, significantly influence this variation. More specifically, wealthier provinces in the
coastal regions of Eastern China, characterized by higher GDP per capita, displayed elevated rates of
EV production and adoption, as well as more advanced EV infrastructure. The findings also reveal an
urban-rural divide, with urbanized provinces generally surpassing rural areas in various aspects of EV
development.

The results underline the significance of the local industry and how a strong automotive sector can
boost the development of EVs. Conversely, an excessive protectionist stance by provincial governments
can impede the integration of new technologies and the acceptance of novel business models. These
findings open avenues for future research regarding the impact of protectionism on energy transitions
and the intricate role of well-established traditional automotive industries in the shift toward new
mobility solutions.

The significance of policy mixes is also a notable finding. While the Chinese central government
establishes goals, formulates strategies, and provides guidelines, a considerable portion of
policymaking, especially implementation, is delegated to subnational levels. Consequently, provincial

EV policies closely align with the central government regarding core content but exhibit variations in
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policy specifics and execution across provinces. Local policies play a pivotal role in addressing unique
challenges and steering local EV sector development. Therefore, measures tailored to address specific
local needs appear to be particularly crucial. The study's findings highlight the continued strong
government intervention and support in driving the EV sector in China. This raises a significant question
for future research: How can the future development of EVs transition away from reliance on
government policies? This concern is not exclusive to China but extends to other nations, as long-

standing financial incentives have been the primary global drivers of EV adoption.

1.4.4 How does local context matter? Assessing the heterogeneous impact of electric vehicle incentive
policies in China

The fourth paper endeavors to reassess the efficacy of EV policies while shedding light on potential
disparities in the influence of these policies across distinct jurisdictional landscapes. To achieve this
goal, in the first step, this study employs a panel data analysis approach to examine the EV incentive
policies enacted in 80 pilot cities across China, covering the period from 2010 to 2022. The results
indicate that purchase subsidies, parking benefits, driving privileges, and charging infrastructure
positively impact the market share of EVs. These policies can be categorized into two types: financial
instruments, which encompass total purchase subsidies and parking benefits, and non-financial
instruments, including driving privileges and charging infrastructure. Nevertheless, there is no
significant evidence to determine which type or stage of policy is more effective.

In the second step, | categorize these cities based on levels of income, traffic pressure, population
density, and political hierarchy to assess the varying impacts of EV policies in different local contexts.
The results indicate that total purchase subsidies, parking benefits, and charging infrastructure have
significant positive effects in cities with lower income levels and cities experiencing lower traffic
pressure. In contrast, driving privileges prove effective in cities with higher income levels, more traffic
pressure, and higher population density. This pattern is logical because financial subsidies can
effectively offset the price disadvantage of EVs, making them more appealing to price-sensitive
individuals with lower incomes. On the other hand, in densely populated and congested areas, EVs can
benefit from their usage advantages, such as exemptions from driving restrictions, which increase their
appeal and efficiency for consumers, consequently boosting their market share.

However, these results highlight a significant policy mismatch within China's EV landscape.
Notably, the data in this study reveal that cities in the high-income category tend to provide more
generous purchase subsidies for EVs, averaging 1038 RMB more per EV. However, total purchase
subsidies are more effective in stimulating EV adoption in low-income cities. Such policy mismatches
can undermine the effectiveness of fiscal policies and result in fiscal losses. Additionally, the findings
indicate that the number of newly constructed charging stations has a more significant impact on EV
adoption in areas with low population density. Nevertheless, the data show that most public charging

stations are concentrated in economically developed coastal cities, resulting in significant urban-rural
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disparities. Suburban areas with low population density typically have fewer charging stations. Policy
mismatch issues also arise among cities with differing levels of traffic congestion and political hierarchy.

For instance, EV policies tend to perform better in cities with lower political hierarchy, especially
in the case of parking benefits, charging infrastructure, and driving privileges. However, in China,
provincial capital cities hold higher administrative status compared to other cities and play a leading
role in local industrial planning. They enjoy priority access to central and provincial funding and receive
preferential policy support from the provincial government. The findings in this study suggest that the
existing policy focus on provincial capitals may not be the most effective approach to drive sustainable
EV adoption. Instead, policies may need to be more inclusive and target a wider range of cities to
achieve more equitable and efficient outcomes of EV promotion.

In the third step, this study applies the DID estimation method to investigate the changing effects
of these policies over time, providing additional evidence in line with the results obtained from the
panel model. The findings indicate that the effects of these three policies are increasing over time,
suggesting that usage-based policies can continue to drive effective EV adoption. This indicates a shift
in consumer preferences as the EV market matures. Consumers are no longer solely focused on
incentives related to the initial purchase but are increasingly considering the convenience and benefits
they can derive during the usage phase. This finding holds significant implications for policymakers,
underscoring the importance of adapting policies to reflect the evolving nature of the market.

This study reveals the importance of acknowledging that uniform, one-size-fits-all policy
approaches are insufficient for addressing the diverse contexts within a country. It highlights that
neglecting local characteristics can undermine policy effectiveness. When viewed from the perspective
of a just transition, existing policies in China have exacerbated disparities in EV distribution, further
marginalizing low-income groups and rural residents during the transition process. Over the 13 years
of purchase subsidy implementation, these subsidies have primarily benefited high-income cities and
affluent individuals (Guo & Kontou, 2021). To achieve a more equitable and effective transition, it is
essential to implement tailored policies. These may involve redirecting subsidies toward lower-income
individuals and shifting policy focus toward the usage phase in densely populated and congested urban
areas. Such targeted policies can help to strike a balance between policy effectiveness and equity,

promoting a more just transition to EVs.

1.5 Conclusion

Global imperatives underline the need for sustainable development. With the world facing critical
environmental issues and striving to curb carbon emissions, the significance of sustainable
transformations across various sectors cannot be overstated. China, being the largest emitter of CO2
and the biggest energy consumer, has the potential to make substantial contributions to global climate

and energy challenges through its sustainability transition.
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In this context, the importance of policies supporting sustainability transition is evident. These
policies have the potential to provide incentives for the research, development, and adoption of
environmentally friendly technologies and to guide businesses and individuals toward more sustainable
practices. Furthermore, well-designed policies are important for ensuring that sustainability transitions
are inclusive and that they benefit marginalized communities and promote social justice. Thus, effective
policy support is not only desirable but essential for achieving sustainability transitions, making studies
in this field crucial. This cumulative dissertation comprises four interlinked papers, presenting a
comprehensive exploration of the crucial role that policies play in propelling sustainability transitions.
Its objective is to shed light on the complex interplay between governance structures, policies, and
sustainability outcomes, recognizing the multifaceted nature of sustainability transitions, which span
various governance levels, geographies, and dimensions. Within this intricate landscape, the
significance of adopting a multilevel and geographical perspective becomes apparent. This dissertation
contributes to a deeper comprehension of how policies can guide societies toward a more sustainable
and resilient future.

The first paper of this dissertation centers on the critical domain of green finance policy mix, a
pivotal component of sustainability transitions. It undertakes a comprehensive examination of the
evolution of China's green finance policy mix, highlighting the importance of considering temporal and
scaling aspects in policy formulation. Furthermore, it delves into the transition toward a more market-
oriented financial sector and the dynamic vertical interactions between various levels of government.
This paper significantly contributes to bridging the research gap in the realm of China's green finance
studies. Secondly, it advances our comprehension of transition policy design by incorporating both
temporal and multilevel perspectives. It shows that policy changes adhere to specific paradigms, with
past policy goals and instruments continuing to influence current policies and overall policy outcomes.
Simultaneously, policy evolution is shaped by a variety of vertical interactions. Lastly, this paper
enhances the international community's understanding of the Chinese government's policy design and
evolution in the realm of sustainability financing, elucidating its contributions to global sustainability
efforts.

The second paper concentrates on the process of policy implementation, a pivotal aspect of the
analysis of sustainability transition policies. It delves into the phenomenon of over-implementation in
the context of an energy transition program for heating systems, considering the changes in China's
environmental governance landscape and the evolving interactions across various levels of government.
By dissecting the factors contributing to the shift from policy under-implementation to over-
implementation, this paper presents a novel perspective on the prevailing environmental
authoritarianism in China and its far-reaching consequences. Notably, it addresses a significant research
gap concerning policy over-implementation, expanding our comprehension of implementation gaps
within environmental policies. It also enriches the existing body of literature concerning the influence

of contextual changes on policy regimes and their implementation, thereby advancing theories related
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to implementation gaps. Lastly, it offers valuable insights into the discourse surrounding
recentralization in China's environmental governance and its effects on policy outcomes. Not only do
the findings of this paper expose issues of injustice and energy poverty stemming from authoritarian
environmentalism, they also hold substantial implications for the study of implementation gaps,
authoritarian environmentalism in China, and the successful execution of environmental policies.

The third paper focuses on the dynamic realm of EV sector development, a domain of importance
for clean and sustainable transportation. It examines the spatial distribution of the EV sector across
China's provinces, uncovering regional disparities and classifying these provinces into distinct clusters.
This paper delves into these disparities, shedding light on the multifaceted factors that shape the diverse
contexts in which the EV sector evolves. In doing so, it makes a valuable contribution by addressing a
notable research gap pertaining to the spatial dimension of energy transition and the subnational
distribution of EVs. Furthermore, it provides a pioneering framework for measuring and assessing the
overall development of EVs, an area where existing literature has fallen short. Lastly, this study aligns
with the broader discourse on energy transition as a geographical process, contributing to the
understanding of the unequal distribution of costs and benefits that accompany sustainability transitions.

The fourth paper narrows its focus to undertake a comprehensive evaluation of the effectiveness of
EV incentive policies. Building upon the foundational insights garnered from the third paper, which
unveiled the substantial influence of policies on the heterogeneous development of the EV sector, this
paper employs a rigorous empirical approach to assess the impacts of these policies across a broad
spectrum encompassing 80 pilot cities in China. Significantly, it illuminates the marked variability in
the influence of these policies within cities characterized by distinct local contexts, thereby shedding
light on the inherent policy mismatch challenges that can hinder progress toward sustainable mobility.
This study aspires to provide a nuanced and in-depth understanding of the interplay between local
contextual factors and the outcomes of EV policies, ultimately offering valuable input for more
informed and effective policymaking in the realm of EV promotion. In essence, this research
significantly enhances our comprehension of the multifaceted process of decarbonizing transportation
in various contextual settings and advances the discourse on fostering a just energy transition. The
findings serve as a vital source of insights to guide the development of effective and equitable policies
aimed at promoting EV adoption.

This cumulative dissertation underscores the complexities and nuances involved in achieving
sustainability transitions within a large, diverse, and rapidly developing nation like China. It reveals the
pivotal role of policies, institutions, and their geographical contexts in steering the trajectory of
sustainability transition. The employment of a multilevel governance framework elucidates how
institutional structures shape transition governance by examining the dynamic relationships among
actors and the distribution of power across multiple governance levels. The geographical perspective
illuminates how transitions and policies are distributed and function across different regions and local

contexts, fostering a more holistic approach to addressing multifaceted sustainability challenges.
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Crucially, this dissertation highlights the importance of a just sustainability transition (Carley &
Konisky, 2020). It argues that significant regional differences exist in sustainability transitions. Many
transition processes exclude disadvantaged groups or regions, which can have various negative impacts,
including the exacerbation of existing social inequalities. Policies aimed at promoting sustainability
transitions often fail to address these inequities and, in some cases, may worsen them. The design and
evaluation of transition policies should be more comprehensive and scientifically informed. This
dissertation not only enhances our understanding of sustainability transitions within China but also
contributes to the broader global discourse on sustainability, offering valuable insights into policy
formulation, implementation, and evaluation. By bridging multilevel governance and geographical
perspectives in policy analysis, it provides a comprehensive framework for understanding sustainability

transitions.
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2 The policy mix of green finance in China: An evolutionary and multilevel perspective”
Written together with Dr. Ping Huang

Abstract. Against the background of climate change, green finance has received worldwide attention
in recent years, as policymakers bring the ‘green’ idea into financial sectors and encourage investments
in green projects. From an evolutionary and multilevel perspective, this study conducts a comprehensive
review of the policy mix of green finance in China. Our analysis emphasises the dimensions of time
and scale of a policy mix that are important elements to understanding the evolution process. We
identify a transition process in green finance policies in China with changes in both policy objectives
and policy instruments. China has gradually shifted its policy focus from direct public intervention and
investment to the construction of a green finance market. From the multilevel perspective, the dynamic
vertical interactions between different levels of government have played an important role in this

transition.

2.1 Introduction
In the face of climate change and ecological degradation, low-carbon transition offers a promising
pathway towards a sustainable and low-carbon future. Many countries have embarked on changing
demand and supply patterns into an environmentally friendly system (Capellan-Pérez et al., 2018; Le
Billon et al., 2021). Though green finance (or sustainable finance), and investing guided by
environmental, social and governance (ESG) principles, are receiving more attention today, the question
of how to finance green projects remains largely unanswered (OECD, 2021). According to innovation
theory, financial institutions and private investors often lack interest in green investment in the early
stages of technological innovation, deterred by low return rates and by the perception of associated risks
(Noh, 2019). The COVID-19 pandemic and the energy crisis sparked by the war in Ukraine have
presented both challenges and opportunities to the low-carbon transition in many countries, including
China. While there has been a shift in priority from energy transition to energy security and economic
rebound, leading to increased investment in fossil fuels (Gosens & Jotzo, 2020; Li et al., 2021,
Taghizadeh-Hesary et al., 2021), the energy crisis has also provided an opportunity to accelerate the
green transition.? In fact, data indicates that transition investment has matched fossil fuel investment
for the first time in 2022.2 Green finance is a practical option to attract private capital; it does so by
creating vehicles through the development of good policies, appropriate regulation, and financial
frameworks (Wistenhagen & Menichetti, 2012; Azhgaliyeva et al., 2018).

Public policies play an essential role in financing green projects because of the public characteristics

and externalities of green investments (David, 2017; Gramkow & Anger-Kraavi, 2017; Bhandary et al.,

* Published in Climate Policy, 2023, Taylor & Francis

2 “Energy crisis sparked by Ukraine war to speed up green transition — IEA” (Reuters, October 2022).

3 “Global Low-Carbon Energy Technology Investment Surges Past $1 Trillion for the First Time”
(Bloomberg BNF, January 2023)
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2021). Green finance policy encompasses a variety of policy goals and instruments that change over
time. Likewise, these policies are designed and implemented at different scales. The complexity
highlights the necessity of a strong policy mix, one that combines several policy instruments and focuses
more on systemic arrangements, as a comprehensive approach in this field (Reichardt & Rogge, 2016).

In this study, we adopt an evolutionary (time) and multilevel (scale) perspective to analyse the
evolution of China's green finance policy mix. China's ambitious low-carbon transitions are taking place
at various scales, and its green finance market is rapidly developing and maturing. As reported by the
Climate Bonds Initiative (CBI), China has become the world's second-largest green bond market since
2020,! attracting growing attention as a significant contributor to global green investment and the clean
energy transition. This is highlighted in various studies, including Climate Policy’s special issue on
Green Finance in Asia.? Nevertheless, low-carbon transition entails a high rate of investment in
infrastructure (Hall et al., 2017). In China, the significant funding gap between available fiscal resources
and expanding green investment demand is a major challenge, with public funds covering only about
15% of estimated demand (Peng et al., 2018). For China to achieve its commitments of carbon peak by
2030 and carbon neutrality by 2060, it is necessary to explore new financial instruments and policies
that can attract private financing for low-carbon and environment protection sectors (Hall et al., 2017).
Green finance policy has great potential to elevate the private sector’s share of investment to fill the
green financing gap by increasing the rate of return (Sachs et al., 2019). Thus, it has received increasing
attention in both academic and policy circles (Zhang et al., 2019).

In recent years, China has been advancing steadily towards developing a green financial system that
functions across the country and at different levels of government. All levels of the Chinese government
have introduced a package of policies to “green” the financial system. Despite progress, the absence of
market-based green finance mechanisms hinders the acquisition of private capital in China. Unlike
western countries with relatively mature market mechanisms for incentivizing green financing, China
relies more on governmental administration and financial regulation to guide financial institutions.
Reform focusing on establishing market mechanisms has become the latest trend in green finance in
China, bringing new goals and challenges to green finance policy design. Thus, investigating how green
finance policies evolve in China’s multilevel governance system can bring important insights into the
dynamic interactions between the components of the green finance policy mix (Matti et al., 2017).

This analysis focuses on the dimensions of time and scale (Scordato et al., 2018) of China’s green
finance policy mix. We identify a transition process of the policy mix with changes in both policy
objectives and policy instruments. Looking across time, China has gradually shifted its policy focus
from direct intervention and investment to the development of a green finance market. Looking at the

dimension of scale, China has transitioned its green finance policy mix from a top-down driven process

LChina is the world’s second largest source of labelled green bond issuance with USD44bn issued in 2020
2 Green Finance in Asia: Challenges, Policies and Avenues for Research
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to a one with interactions across multiple levels of governance (referred to here as multi-level
interactions).

The remainder of this paper is structured as follows. Section 2 provides background on the
development of green finance in China and reviews the literature on policy mix, with a particular focus
on the dimensions of time and scale. Section 3 introduces the method and data of the research. Section
4 traces the evolution of China’s green finance policy mix in five-year increments and presents the
policy change process from the dimension of time and scale. Section 5 explains the identified temporal

and vertical patterns of China’s green finance policy mix and Section 6 concludes.

2.2 Green finance development and policy mixes in China

As the world’s largest energy consumer and CO; emitter, China is radically decarbonising its coal-based
energy system (Li & Taeihagh, 2020; Jiang & Green, 2018; Guo et al., 2019). During its 11th Five-
Year-Plan (FYP) period (2006-2010), the Chinese government started to attach greater importance to a
low-carbon transition (Tosun & Rinscheid, 2020; Dikau & Volz, 2021).

Broadly speaking, “green finance” refers to channelling public and private green investment
through a green financial system supported by green finance policies (Eyraud et al., 2011; Zadek &
Flynn, 2013; Welling, 2017). The People's Bank of China (PBOC) (2016) defines green finance as
“financial services provided for economic activities that are supportive of environment improvement,
climate change mitigation, and more efficient resource utilization.” Due to different political systems
and financial markets, the policy design and taxonomies of green finance may vary from country to
country. For instance, nuclear energy is included in green finance in China and in the European Union
but excluded in Korea and Bangladesh. The term “green finance” is closely associated with related
concepts, such as sustainable finance. Though it is difficult to draw a line between them in practice, as
institutional investors usually take ESG impacts into account simultaneously when identifying
appropriate investments (European Commission, 2017), strictly, we understand green finance as a
subset of sustainable finance. Green finance places more emphasis on the environmental pillar of ESG
criteria, as a response to increasing concerns about climate change, pollution, and energy issues.

Green finance in China emerged in 2006 and is primarily policy-driven due to the heavy government
involvement in the financial system, which is dominated by state-owned banks under the control of the
Chinese government (Ren et al., 2020; Xu & Gui, 2019). Currently, the Chinese banking system is
composed of China’s central bank (PBOC), three policy banks, six state-owned banks, 12 joint-stock
commercial banks, and many city commercial banks, rural commercial banks, and rural credit unions.
The Chinese government and state-owned shareholders own policy banks and the majority interest in
all the other banks. Therefore, Chinese banks operate under the control of the Chinese government and
undertake a variety of policy functions. In the case of green finance policy, the PBOC and the China
Banking Regulatory Commission (CBRC) are the main supervisory entities of financial institutions.

Their policies regulate all aspects of financial activities and allocate financial resources (Lu & Yao,
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2009). Despite a shift in the financial structure towards a more market-based structure (Ji et al., 2019),
state-owned banks still dominate the Chinese financial system and play the main role in the practice of
green finance (Wang & Wang, 2021).

China has made noticeable achievements in green financial policymaking, practices, and products.
The Guidance on the Construction of a Green Financial System, for instance, outlines the basic
framework for China’s green financial system and represents a top-level policy design for green finance
(Gilbert & Zhao, 2017). In 2017, the designation of eight green finance pilot zones marked a more
radical implementation of green finance at the local level. Despite noteworthy progress, considerable
challenges remain that hinder the expansion of green finance in China. For example, as the main actor
in the Chinese financial system, banks are not motivated to invest in green projects because of their
reluctance to take risks; moreover, underdeveloped financial markets and the lack of venture capital
limit the funding sources for green projects (Sachs et al., 2019). For instance, the investment in
renewable energy from financial institutions highly relies on the fiscal and pricing policies from the
government and is vulnerable to changes in national policies on clean energy subsidies, meanwhile
governmental funds to support green transition are limited. The design and development of the green
finance policy mix are expected to confront these challenges.

This article aims to investigate the evolution of the green finance policy mix in China. The
investigation of the policy mix with respect to multiple policy goals and instruments, processes of policy
formulation, and the evolution of instrument selection is gaining ground in policy science research over
time (Howlett & Rayner, 2013; Kern et al., 2017). Time and scale are two important dimensions of a
policy mix, as policy strategies and instruments change over time, and policies are designed and
implemented at different scales (Flanagan et al., 2011; Scordato et al., 2018; Milhorance et al., 2020).

The temporal changes of policy mixes follow different paradigms (Capano & Howlett, 2020) and
are often unravelled through the analysis of the shift in policy focus and instrument (Knill et al., 2012).
Scholars have identified several common mechanisms of policy mix development (Wellstead et al.,
2016). “Policy patching” occurs when new policy goals or instruments are added to the existing regime.
The layering of elements may lead to incoherence amongst the goals, and inconsistency of instruments
(Rayner et al., 2017). “Policy stretching” occurs when policy elements are extended to cover areas they
were not intended to. Policy stretching may cause inconsistency between the old and the new policy
instruments or pose risks of incongruence between the old instruments and new goals (Howlett &
Rayner, 2007). ‘Patching’ or ‘stretching’ a policy are common measures in China and many other
countries. These mechanisms also can be identified in the evolution of green finance policy. Though
some scholars argue that policy patching and stretching may bring sub-optimal outcomes (Howlett &
Rayner 2007), they are also possible to create effective policy mixes by cautious design.

The vertical interactions between instruments and actions at different levels of governance are also
important in policy mix analysis (Flanagan et al., 2011; Colenbrander et al., 2018). Policy instruments

enacted at one governance level would exert influences on policymaking of other governance levels
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(Bressers & O'toole, 2005). The outcomes of policy implementation at the local level would also trigger
policy responses from higher-level governments. Particularly relevant to this vertical dimension of the
policy mix is the multilevel political structure of China (Huang, 2019). In China, policy goals are
generally set by the central government, but implementation experiments are introduced at the regional
or local level (Schreurs, 2017). Rather than passively receiving policies, in many cases, subnational
governments would reshape and tailor policies according to specific local contexts. To implement the
green finance policy, China has launched eight green finance pilots. Pilot areas serve as an ideal arena
for analysing the verticality of the policy mix for green finance, particularly how overarching policy
objectives are aligned with local contexts.

Investigating how policy mixes evolve over time and across different levels of government is a
promising research direction for policy studies, particularly for understanding green finance
policymaking in China (Ongaro et al., 2019). Nevertheless, while existing literature has analysed
individual instruments within a single governance level, little attention has been paid to the interactions
between components of a policy mix over time and across different governance levels. In the following
section, we analyse the evolution of the green finance policy mix, and how different instruments interact,

in China, from the two dimensions of time and scale.

2.3 Research methodology and data

In this study, we use document analysis to trace the development of China’s green finance policy mix.
We first conduct a systematic review of the national and provincial policy documents to uncover the
evolution and characteristics of the green finance policy mix in China. Data were extracted from the
“PKULAW” (www.pkulaw.cn) and “BAILUZHIKU” (www.bailuzhiku.com) databases, both of which
incorporate China’s national and local policy documents. In the end, we downloaded 418 relevant policy
documents (127 national documents and 291 provincial documents), including notices, guides,
announcements, plans, and government work reports, all published between 2006 and 2020. Appendix
A.1 elaborates on the coding framework, and Appendix A.2 lists the most relevant policy documents.
We cite the related policies in this study using the corresponding coding numbers. Both Appendices
can be found in the Supplementary Materials (SM): Appendix A.

In the literature, policy instruments are generally categorised as either technology-push versus
demand-pull, or regulatory versus economic instruments (Bernstein, 1993; Di Stefano et al., 2012; Xu
& Su, 2016). In the analysis, we follow Vedung (1998) and Park (2015) and categorise policy
instruments using a tri-fold or three-part classificatory scheme that includes command and control,
market-based, and information instruments. Command and control policy instruments are regulatory
instruments implemented by governments to influence targets through authoritative means (Park, 2015).
Market-based instruments are also referred to as economic instruments; they are designed based on the
market failure theory, using prices, market-based rights, and economic incentives to influence actors’

strategic choices (Filoche, 2017). Information instruments target people and influence behaviour
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through knowledge transfer, communication, and persuasion (Park, 2015). Appendix A.3 presents a
detailed classification of the typology of policy instruments (see SM: Appendix A).

While our threefold typology for coding policy instruments is based on conventional typologies in
the literature, the approach is not without limitations. The primary limitation is that the typology we use
is uniquely focused on our subject of green finance, which means it might neglect some other significant
distinctions of the policy instruments. Therefore, alternative typologies may reveal different patterns of
policy instruments and lead to additional insights and results. However, these limitations also provide

opportunities for more nuanced exploration in further research.

2.4 Evolution and periodic policy characteristics

Figure 2.1 shows the temporal distribution of green finance policies at the national and provincial levels.
As can be seen, green finance policymaking at the provincial level significantly lags behind the central
level, as central-level policy documents began to emerge in 2006 and provincial documents not until
2011. The number of issued policies changes in provincial policies showed a similar trend to those at

the central level in the early stages but later started to exhibit different patterns.
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Figure 2.1. The temporal distribution of China’s green finance policies.
Data source: The 418 policy documents collected in the database (The Appendices, which contain some of the

main policy documents, can be found in the Supplementary Material for this article.).

Since 2016, the number of green finance policies at the provincial level has surged. This
development is likely to be driven by the Guidance on the Construction of a Green Financial System
(policy document N38%), which was released by the central government in August 2016. Because in the
early stages, subnational governments lacked the experience and capacity to explore green finance, they

relied mainly on policy guidance from the central government (see, e.g. provincial document P10, P19,

! In this article, policy documents are coded as two categories. We use “Nx” to code national policies, where listed
policy documents can be found in SM Appendix A.2, Table A.2.1; we use “Px” to code provincial policies, where
listed documents can be found in Appendix A.2, Table A.2.2.
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P31-33). However, as policies, instruments, and technologies matured, subnational governments gained

more experience, so they no longer simply followed the guidance of central policies but instead

developed more detailed or diverse policies adapted to local contexts.

Table 2.1. The evolution of green finance policy objectives and instruments in China during 2006-2020

(national level).

Policy objectives and policy instruments

11th FYP (2006-2010)

12th FYP (2011-2015)

13th FYP (2016-2020)

objective

(1) Environmental protection and
energy conservation by financial

(1) Environmental protection,
reduce carbon and energy intensity.

(1) Support green development by
green finance. (N33, N49)

Instrument
measures. (N7 N14, N15, N26 . .
type (N7) ( ) (2) Build a market-orientated
(2) Develop green credit. (N5) (2) Green financial products green finance framework (N38)
innovation. (N17, N15, N32)
Command Credit access or restraint (N1) Credit access or restraint (N20) Credit access or restraint (N33)
and control Information-sharing for corporate  Information-sharing for corporate Information-sharing for corporate
environmental protection (N2) environmental protection (N20) environmental protection (N55)
Environmental audit (N5) Simplified procedure (N27) Approval process (N65)
Administrative penalty (N10) Entry barrier removal (N28) Green banking evaluation (N68)
Environmental audit (N16) Green index and standard (N39)
Approval process (N30) Administrative penalty (N36)
Administrative penalty (N14) Market monitoring and evaluation
(N38)
Market- Loan (N5) Loan (N17) Long-term loan (N54)
based Grants for R&D (N12) Subsidised interest rates (N21) Government guarantee fund (N44)
Government direct investment (N4) Grant and award (N13) Grant and award (N59)
Subsidised interest rates (N12) PPP (N21) Subsidised interest rates (N59)
Environmental pollution liability ~ Green bond (N29, N31) PPP (N43)
insurance (N8) . . I
Environmental pollution liability =~ Green bond (N34, N65)
Clean Development Mechanism insurance (N18, N23) . .
Fund (CDM Fund) (N13) _ ) Certificate and license (N36)
Tax incentives (N16, N21) .
Pricing (N40, N41)
Special Fund (N16, N32) . . -
Environmental pollution liability
CO, ETS (N25) insurance (N58)
Tax incentives (N59, N67)
Green development fund (N64)
CO, ETS (N36)
Information Mandatory disclosure (N9) Voluntary disclosure (N29) Risk exposures (N37)

Moral persuasion (N2)

Moral persuasion (N16)

Mandatory/Voluntary disclosure
(N44)

Moral persuasion (N64)

Source: Authors (based on collected policy documents. The Appendices, which contain some of the main policy
documents, can be found in the Supplementary Material for this article.).

Periodically, the evolution of the green finance policy mix parallels China’s FYPs, which guide the

country’s economic and social development. By setting environmental and energy goals, FYPs help to

accelerate the demand for green investment. Studies have shown that a transparent and stable

governmental strategy may positively influence investors’ risk-return perceptions (Falcone & Sica,
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2019; Guild, 2020). In this regard, FYPs that endorse emission reduction and low-carbon transition can
act as a political stimulus for private investments (Zhou et al., 2020). In light of this, we divide the
development of green finance policy between 2006 and 2020 into three phases following the periods
covered in successive FYPs: 11" FYP (2006-2010); 12" FYP (2011-2015); and 13" FYP (2016-2020).
Table 2.1 presents the policy mix evolution and reviews policy objectives and instruments for green
finance in China according to these three phases.

Vertically, as the central government plays the main role in designing top-level policies to guide
subnational policy design and implementation, green finance policies at the provincial level highly align
with those at the central level. On the other hand, local experimentation of green finance explores
different development models against different circumstances, hence offering diverse practical samples

for promoting green finance across the country and in turn, influencing policy design at the central level.

2.4.1 Phase 1: 11" FYP (2006-2010)
Since the 11th FYP, China started to place greater emphasis on environmental protection, with a shift
in policy direction that sought to integrate financial sectors into environmental protection and use
financial instruments to restructure the economy. In 2006, the issuance of the first green credit product
for energy conservation and emission reduction indicated the emergence of green finance in China
(Papapano, 2020). Policy objectives in this period were quite focused and targeted, as the main aim of
the green finance policy mix was to reduce pollution and energy intensity by financial means (see, e.g.
N7). Policy mixes for green finance during this period lacked a comprehensive framework, and the
primary policy objective revolved around the promotion of the green credit system (see, e.g. N3, N5).

During this period, China implemented policies supporting the green credit system (see, e.g. N10;
P1), which became the primary financial channel for green investment in the country (Zhang et al.,
2021). These policies call on banks to approve loans by considering compliance with environmental
regulations and by introducing Equator Principles?® into green credit. The focus was on clean
technologies in highly polluting and energy-consuming industries, with support for (cleaner) coal power.
Information sharing between the former State Environmental Protection Administration (SEPA) and
financial sectors was another key measure, with corporate environmental violations incorporated into
the corporate credit system and shared with financial institutions to evaluate investment risks. This
measure significantly reduced the likelihood of loans for polluting enterprises (see, e.g. N2). The policy
mixes during this period also mentioned green insurance and green security but did not offer specific
guidance for policy implementation (see e.g. N8).

The government also favoured command and control instruments in this period; specifically, it used

supervision and regulation to guide bank credit and to give loan support to green projects. We identify

! The Equator Principles were formulated in 2003 based on sustainability standards from the International
Finance Corporation (IFC). It serves as voluntary guidelines for financial institutions to identify, assess and
manage environmental and social risks when financing projects.
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supervision in environmental pollution liability insurance and mandatory environmental audits. In
addition to command and control instruments, the government introduces a few economic incentives,
such as loan pricing and government funds, mainly to support research and development of green
technology. During this time, economic instruments relied heavily on direct governmental investment
instead of private capital. Information instruments were supplementary to command and control
approaches.

Looking vertically at lower levels of governance, at this stage we do not find any policy that refers
to green finance at the provincial level. The 11th FYP was a period of exploration and introduction of
green finance policy at the central or national level of governance. The concept of green finance is not

introduced at sub-national levels of government until later.

2.4.2 Phase 2: 12" FYP (2011-2015)

During the 12th FYP, the political priority of energy conservation and emission reduction significantly
increased the demand for green investment. In 2012, building an ‘ecological civilisation’ is considered
one of China’s national priorities, necessitating robust financial infrastructure. Consequently, renewable
energy development became an important arena in green finance (see, e.g. N16; N31). In this period,
green finance policy aims to introduce more innovative financial instruments based on a market
mechanism and to build a more pluralistic green finance system; it is based on green credits, green
bonds, and green insurance.

We observe a few significant developments in policy instruments in this period. First, China initially
builds a practical green credit system, the focus of which transitioned from (cleaner) coal power to
renewable energy (see, e.g. N17). Since 2013, the loan balance of green credit for renewable energy
projects continued to increase, especially for solar and wind capacity investments (Li et al., 2021).
Second, green bonds are introduced as a new financing channel (Kidney & Oliver, 2014). The Chinese
government supported green bond issuance by lowering restrictions on issuers and by raising incentives,
such as investment subsidies for purchasers, government guarantee schemes, and bond interest
discounts (see, e.g. N32). Third, China’s carbon trading market developed rapidly from 2013; as
commercial banks moved into the fledgling carbon markets, helping clients hedge carbon-trading risks
and financing new investments using carbon certificates as collateral (Munnings et al., 2016).

During the 12th FYP, the green finance policy mix in China also became more pluralistic. As for
policy instruments, economic incentives played an important role in supporting green investment. A set
of financial incentives, including investment subsidies, green credit guarantee schemes, and fiscally
subsidised interest rates, were used to attract green investment through multiple channels. Further, the
establishment of special funds became common practice to increase profitability and decrease the risk
of green investments, specifically private sector investment (see, e.g. N13).

Vertically, following policy guidance from the central government (e.g. N4, N7), some subnational

governments began to engage with green finance policy practices. In 2011, to achieve targets for energy-
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saving and carbon reduction assigned by the State Council, Beijing Municipal Government proposed
green finance approaches, encouraging financial institutions to establish green credit mechanisms and
to set up funds to support emerging green industries (e.g. P3). In following years, other regions
replicated this practice to extend green credit and to develop environmental pollution liability insurance,
including in Hebei and Gansu (e.g. P4, P6). Moreover, the Chinese central government designed a pilot
CO; Emissions Trading System (ETS) in 2011 and launched seven pilots at sub-national level in 2013
(Li & Taeihagh, 2020). The emergence and development of green finance at the subnational level occurs
during the 12" FYP period, where we notice that subnational governments largely follow suit of the

central government, not only in policy design but also in the implementation of green finance policy.

2.4.3 Phase 3: 13" FYP (2016-2020)

Promoting green finance to facilitate the development of a low-carbon and green economy is one of the
major foci of the 13" FYP. In 2016, the Chinese government promulgates the Guidance on the
Construction of a Green Financial System (N38). Green finance thus enters a new stage of systematic
development, with a policy mix that focuses on framework establishment, financial products innovation,
and market construction. In this period, progress is made in the development and implementation of
green finance standards in constructing a framework to expand green credit; to evaluate green banking;
to securitise green loans; to expand and improve performance of the pilot CO, ETS; and to implement
the Green Development Fund (GD Fund).

Building on existing green credit policy, governments at the provincial level encouraged financial
institutions to issue more green loans through mechanisms such as interest subsidies, on-lending, and
loan guarantees, while preventing the extension of loans to highly polluting industries through
regulatory and information means (see, e.g. N54). To balance the development of diverse financial
channels, the central government established a more comprehensive policy mix for green bonds and the
market-based GD Fund for leveraging private capital. To motivate banks in green finance, the CBRC
developed a green banking evaluation system (see, e.g. N68). Moreover, the development of new
financial technologies (“fintech”), such as blockchain and big data, made green investment more
efficient in this period.

During 2016-2020, the policy mixes for green finance in China were significantly influenced by
market factors. A primary focus was on developing innovative green financial products and establishing
a financial market mechanism (see, e.g. N32; N60), which was supported by various economic
incentives like discount interest, re-loans, macro-prudential assessments, and government guarantee
schemes (see, e.g. N38). The GD Fund became an important instrument, with both central and provincial
governments adopting a Public-Private Partnership (PPP) to leverage private capital with limited use of
government funding. Though less dominant, command and control instruments, such as stricter credit

constraints on polluters, continued to play an important role in addition to market-based instruments.
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Additionally, we observe vertical development of the green finance policy mixes ranging from the
carbon trading market to the local demonstration and uptake of green finance mechanisms. The carbon
trading market in China was expanded nationwide, building on the experience gained from sub-national
carbon trading pilots. This process demonstrated the interaction between central policies and local
experimentation. Furthermore, in June 2017, the State Council approved the establishment of eight
“National Pilot Zones for Green Finance Reform and Innovation” to explore innovative development
pathways in unique local contexts and to offer practical means of diffusing, locally-tailored green
finance policy across the country. So far, these pilot zones have made considerable progress in the
design and implementation of green products and services, in the specification of supporting policies,
and in market construction for green finance. Some innovations have diffused to other provinces and,
in turn, informed the policy design at the central level. For example, environmental equity like carbon
emission allowance as an innovative financing tool, which was first initiated in Guangdong, has now

diffused nationwide.!

2.5 Discussion

2.5.1 Analysis of the policy change from the temporal dimension

We identified a temporal transition process of China’s green finance policy mix. Over the years, green
finance policy objectives have been quite coherent, from broader environmental protection and energy
conservation (see, e.g. N5, N7) to more specific carbon emission reduction, energy efficiency (see, e.g.
N14-15) and green development (see, e.g. N33, N49). The instruments in place have evolved from
command and control tools to a more complex instrument mix, to include market-based and information
instruments (see Table 1). Specifically, China has gradually shifted its policy approach from direct
government intervention and investment to the construction of a green finance market that builds upon
a market-oriented mechanism and market-based financial products.

China’s initial approach to green finance policy relied mainly on government intervention,
supervision and administrative measures. But in later stages, through the use of various financial
products, such as green credit and green bonds, economic incentives became more important
instruments for supporting green finance. Those economic incentives include subsidies, tax incentives,
grants, long-term loans, green development funds, etc. Lately, green finance policy has developed into
a comprehensive policy mix stressing both command and control and market-based policy instruments
in the context of market reform, where a key objective is to establish a systematic and practical green
financial system framework; this framework consists of a combination of policies, incentives, and
disincentives, and a regulatory structure, aiming to mobilise private capital markets to support green
projects. Increasingly, market mechanisms are being used in combination with regulatory measures to

promote green investment and green growth.

! Environmental Equity Financing Instrument (financial industry standard) officially launched (cfstc.orq).
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The establishment of the GD Fund shows a significant process of “policy patching” used to address
gaps in the existing green finance policy framework. “Policy patching” is the addition of new policy
goals or instruments to an existing regime (Rayner et al., 2017). The Chinese government officially
established a National GD Fund in 2020 (Qu & Tian, July 2020). It originated from the Clean
Development Mechanism Fund (CDM Fund) and the Renewable Energy Development Fund (RED
Fund). The CDM Fund was established in 2007 to support the development of low-carbon industries,
while the RED Fund, established in 2011, provided electricity tariff subsidies for renewable energy
(Lewis, 2010; Mo, 2018). Unlike its predecessors, the GD Fund serves the new objective of building a
market-oriented green finance system. It aims to diversify investment channels for environmental
protection and use market mechanisms to support green development. The GD Fund adopts leverage-
based mechanisms, and through professional management, it shifts the government's focus toward a
public finance system that generates a leverage effect to attract private investment. Additionally, the
GD Fund helps multiple stakeholders share the risk of investing in green projects and provides
stakeholders with diversified asset distribution channels. The establishment of the GD Fund indicates
that the government prefers to add new instruments to the old ones to serve new objectives, based on
an assessment of what is missing; this is what we refer to as policy patching.

The introduction of CO, ETS onto administrative penalty presents a “policy stretching” process.
“Policy stretching” occurs when policy elements are extended to cover areas they were not intended to
(Howlett & Rayner, 2007). The environmental administrative penalty is a long-standing administrative
tool in China, originating from the “Measures on Administrative Penalties for Environmental
Protection” promulgated in 1999. Currently, the most common penalty is administrative fines on
companies that exceed their emissions quota. China began piloting CO, ETS in seven cities in 2013
(see, e.g. N15) and launched the national carbon emissions trading market in 2021. Although the
environmental administrative penalties and ETS both follow the principle of quantifying environmental
costs and “the polluters pay,” they differ in specific policy targets. The purpose of administrative
environmental penalties is to control the total amount of pollutant emissions. China’s ETS is essentially
a tradable performance standard (TPS): it targets reductions in the CO; intensity of economic activity
rather than total CO, emissions (Karplus, 2021). In other words, the ETS extended the instrument

functions of administrative penalties, thus our reference to policy stretching.

2.5.2 Analysis of the policy change from the vertical dimension

We also identified a vertical pattern in China’s green finance policy mix evolution from a largely top-
down, national process to multi-level interactions. In the early stages of green finance policy
development, China’s policymaking was “top-down” in nature. The practice of green finance at the
subnational level significantly lagged behind the central level policy design and implementation. The
central government played the main role in policy design and guided local governments on how to

develop and implement relevant policies (e.g. N7, N17, N38). Subnational governments mainly
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followed central-level guidelines, and no distinctive local instruments emerged in the earliest period of
green finance in China (e.g. P31, P33, P36). With time, local experimentation occurred, and subnational
governments no longer passively implemented central policies but took more proactive actions to
stimulate local innovation (see, e.g. P52). These innovations, in return, influenced green finance policy
design of the central government and other jurisdictions.

The success of CO, ETS is a good example of vertical or bottom up innovation influencing central
policy. In 2013 and 2014, China established seven pilots for CO; ETS (Li & Taeihagh, 2020). These
pilots have effectively reduced carbon emissions in the pilot regions and have provided rich experience
on which to base the construction of a national carbon market. As of the end of May 2019, a total of
310 million tons of CO2had been traded in the pilot carbon markets (Hong, 2020). In 2017, the National
Development and Reform Commission (NDRC) issued the National Carbon Emission Trading Market
Construction Plan (Power Industry), and in July 2021, following the same trading mechanism as those
used in the pilot areas, the national carbon emissions trading market was officially launched. This
approach “from point to surface” shows the interactions between central and local governments: the
central government designs the policy goal, but rather than releasing a policy package directly, it allows
and encourages local policy innovations that absorb and adapt the ideas into local contexts for

implementation.

Table 2.2. An overview of the “National Pilot Zone for Green Finance Reform and Innovation”

Pilot zone Province Key task

Huzhou o  Explore effective ways for green finance to support the transformation and upgrading of the

industrial structure
Zhejiang

Quzhou o  Explore effective ways for green finance to promote the optimization of regional economic
structure
o  Explore effective ways for financial support to promote the development of an ecological
economy
Ganjiang Jiangsi o Build a green financial organization system
New District o  Explore innovative credit products and financing modes in the fields of energy conservation and

emission reduction, and clean energy

o  Explore the policy effects of financial support for the development of green finance

o  Explore a new development model compatible with green financial reform and economic growth
Guangzhou Guangdong ©  Encourage the establishment of new energy automobile finance companies and actively carry out

the innovation of financial products for new energy automobiles

o  Explore effective ways for green finance to guide the economic transformation and development

of underdeveloped areas in Western China
Guian New

o Guizhou o  Explore innovative green agricultural credit products, focusing on supporting agricultural
pistrict industry projects such as modern urban agriculture, organic ecological agriculture, rural water
conservancy project construction, and agricultural sewage treatment
Hami o  Combine the development of green finance with local endowments such as agriculture, clean
Changji energy resources, and energy-related, high-end manufacturing industries
Prefecture Xinjiang o  Explore innovative green agricultural credit products such as innovative wind power,
K (photovoltaic) power generation index insurance, the first set of insurance packages for major
aramay

technical equipment, etc.
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Source: Authors (based on program data, policy documents, and government websites).

The design of green finance pilots follows a similar approach. China has currently launched eight
pilot zones for green finance reform. Each pilot zone was assigned specific tasks that were rooted in
local contexts to address place-specific challenges (Table 2.2). For instance, for more developed areas,
such as the provinces of Zhejiang and Guangdong, a key focus was the structural transformation of the
local economy, while for more underdeveloped regions, such as Guizhou and Xinjiang, special attention
was paid to greener and more efficient utilisation of local resources. As an example, Xinjiang is
emphasising the development of innovative green agricultural credit products as well as index insurance
for wind power and photovoltaic power generation due to its abundant renewable energy resources and
strong agricultural sector.

Given the different tasks, the policy design varied among regions. For example, two regions
prioritised the energy sector in green finance development. Guangzhou had a more comprehensive and
pluralistic approach to green finance development, with policies covering different dimensions such as
institutional infrastructure, green finance products, and services. In comparison, Changji focused on
targeted sectors such as agriculture and renewable energy, seeking innovative measures to efficiently
boost production factors. The policy tools selected by local governments were also closely related to
local governance capacities. In Guangzhou, economic instruments such as subsidies and awards were
frequently used by the municipal government to incentivise the engagement of enterprises in green
finance development. By comparison, economic incentives were rare in Changji, and the local
government played a more enabling and mediating role between enterprises and financial institutions.

As can be seen, the central government authorises and guides local experimentation, but local
governments differentiate policy innovations to adapt to unique local and regional contexts. These
dynamic vertical interactions are rooted in complex central-local relations in China. China has a
multilevel political structure under a decentralised authoritarian regime (Landry, 2008). As
environmental rights often conflict with short-term economic growth in China, the central government
typically plays the primary role in the policy design for sustainability. This is evident in the early policy
design of green finance at the national level (e.g. N7, N17, N38) and the similar policy contents at the
provincial level (e.g. P3, P11, P12, P13).

However, local governments in China are not only responsible for implementing central policies,
but also have the authority to create local policies. With the decentralisation reform in China, which
shifted central-local relations to federalist principles, local governments have some discretion in policy
implementation and innovation (Zheng, 2006). Some of these local innovations can be recognised and
adopted by the central government to further refine policy design. One such example is the adoption of
green bonds and carbon emission rights as collateral for bank loans in Guangdong Province. In 2014,
the first successful carbon allowance collateralised finance was implemented in Guangzhou, with

Huadian New Energy Company obtaining a mortgage of RMB 5 million using carbon emission
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allowances allocated by Guangdong Province.! This policy innovation has now been adopted by the
PBOC and is being implemented in many other provinces across China. In 2021, the PBOC released
the Environmental Equity Financing Instrument, which clarifies the implementation process of

environmental equity financing instruments and provides guidance for its nationwide implementation.?

2.5.3 Green finance policy in the new stage
Despite changes in policy over time and across different levels of government, China's green finance
policy is characterised by notable government intervention in financial activities, and public actors are
the main driving force behind green finance development. This approach contrasts with that of
developed countries, where green finance is typically spearheaded by financial institutions and operated
under a market-based mechanism. For example, in 1992, a group of commercial banks, including
Deutsche Bank, HSBC Holdings, Royal Bank of Canada brought attention to the environment and
sustainable development in the banking sector (Jeucken, 2010). Similarly, the now widely used Equator
Principles were initially proposed by a number of private banks (Xu & Li, 2020). In developed countries,
investor communities, non-profit associations, and a wide array of civil society actors are drivers of
green finance development. Nevertheless, in many developing countries (e.g. Brazil and India), the
development of green finance is highly policy-driven and features a top-down design. This is
particularly true in China, where banks, particularly state-owned banks, serve as an agent of central
policy, and the influence of the private sector and civil society is thus less significant (Huang, 2022).

China'’s green finance policy has recently endeavoured to foster the engagement of non-state actors
in green finance activities (e.g. N55-56, N64). More non-state stakeholders, such as listed companies,
institutional investors, and insurance companies, alongside traditional financial institutions, seize the
opportunity to actively participate in green finance services and green financial products innovation
(Green Finance Committee, 2021). The impetus for this expansion of participation is the escalating
demand for green investments, brought about by China's commitment to reach carbon peak by 2030
and carbon neutrality by 2060. Following the commitment, we can observe augmented support for green
finance policies, with the introduction of targeted policies by the central government and the People's
Bank of China, such as the national emissions trading system, fiscal incentives, tax breaks for low-
carbon activities, and disclosure of carbon reduction for loans (State Council, 2021; PBOC, 2021). Thus,
the changes in green finance policies can be seen as a response to the nation's development strategies
in the new stage.

As the pace of development of green finance continues to accelerate in China, the country's efforts
to seek international collaboration are also evident in its green finance policies. In 2022, the NDRC

issued the “Opinions on Promoting Green Development of ‘One Belt, One Road’,” which proposed to

! The first carbon allowance collateralised finance succeeded in Guangzhou successfully completed
(https://lwww.cnemission.com/article/cgal/201505/20150500000892.shtml).

2 Environmental Equity Financing Instrument (financial industry standard) officially launched
(https://www.cfstc.org/jinbiaowei/2929436/2980681/index.html).
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align domestic and international green financial standards through international cooperation and to
promote the orderly two-way opening of the green financial market. The latest edition of the Catalogue
of Green Bond Support Projects in 2021 incorporates the widely accepted “Do No Significant Harm”
principle to improve the alignment of China's domestic green bond standards with international
standards. The aforementioned policies aim to not only enable Chinese capital to enter foreign countries
but also to entice international green investment into China. Consequently, the push for international
green financial cooperation has necessitated further development of green financial policies in China
beyond green standards. Further investigation is necessary to determine how the incorporation of these

new factors may impact future changes in China's green finance policy.

2.6 Conclusion

‘Green finance’ represents a ‘green’ shift in the financial system to promote low-carbon transitions. The
development of green finance needs to be guided by public policies through a combination of
regulations, economic incentives, and market-based mechanisms. This study provides a detailed
interpretation of the development of China’s green finance policy mix from both temporal and
multilevel governance perspectives. It speaks to the literature on green finance policy by emphasising
time and scale (or level of governance) as important elements in policy evolution.

The comprehensive document analysis conducted here reveals that the central government's FYPs
have a dominant role in guiding policymaking in China. The development of green finance policies is
closely aligned with the objectives of the FYPs, as they are designed to complement and fulfil them.
We identify a temporal transitional process in China’s green finance policy mix, characterised by a shift
from direct public intervention and investment towards the construction of a green finance market. This
involves placing greater emphasis on attracting private investment and financing and moving away from
top-down intervention towards a market-based, polycentric approach with greater engagement and
interaction with the private sector, including developing more market-based financial products (e.g.
ETS, green bond) and motivating the participation of varied actors (e.g. insurance companies, angel
investors, and venture capital). Moreover, the dynamic vertical interactions between different levels of
government have also played an important role in this transition. For instance, local experimentation of
green finance policies explores different development models for the local financial system against
diverse local contexts, and these have, in turn, both influenced policy design of the central government
and in some instances diffused to other jurisdictions.

In the past years, in response to rising demand for green finance stemming from strengthened
climate and environmental governance, the Chinese government carried out significant efforts to
develop green finance, including at a system level. The COVID-19 pandemic highlighted the
importance of using green finance to enhance green investments to achieve climate-related goals, in
parallel to responding to the global economic crisis, calling for more attention to new policy approaches.

Despite noticeable progress made in green finance development in China, substantial challenges lie
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ahead, which include, but are not limited to, the integration of green standards, the re-translation of
local experiences into central policy design and implementation, the need for active participation of
non-state stakeholders, and the overall fostering of a market-based financial system.
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3 TImplementation gap of China’s environmental policies: Logic behind the over-implementation

of the Coal to Gas transition”

Abstract. China has implemented numerous energy-related policies to tackle environmental and energy
challenges, but not all policies have yielded desired outcomes. While policy failure due to insufficient
implementation is often highlighted, less attention has been given to the issue of over-implementation.
In the last decade, China has experienced a process of power recentralization, which has brought about
systemic changes in environmental policy implementation. Over-implementation has emerged as a
prevalent phenomenon in environmental governance. The questions thus arise are: why does over-
implementation happen? What are the consequences? This study examines the phenomenon of policy
over-implementation within China's environmental governance system, using the coal-to-gas clean
heating project as a case study. The findings reveal that China's recentralization efforts have addressed
long-existing root problems in the environmental governance system. The strong environmental
commitment from the central government, coupled with authoritarian pressure and positive incentives,
has resulted in local implementers self-reinforcing for better career prospects, leading to over-
implementation of policies. However, such authoritarian enforcement may overlook conflicts at the
street bureaucratic level and opposition from those affected by the policies, potentially causing social

injustice.

3.1 Introduction
China’s economic growth has been accompanied by high energy and environment costs. As the world's
largest energy consumer and carbon dioxide (COZ2) emitter, China is facing severe energy and
environmental challenges (Heggelund, 2021). The burning of coal, which accounted for approximately
58% of China's total energy consumption in 2019 (Wang, 2019) is a major contributor to CO2 emissions
and a leading cause of severe air pollution in the country. As such, transitioning to renewable energy
sources and implementing energy-efficient practices not only allows China to tackle its energy and
environmental issues, but also plays a crucial role in global climate change mitigation and the
improvement of public health. As concerns over pollution and climate change has escalated alongside
the substantial energy demand of economic growth, the Chinese central government has sought
measures to overcome the country's energy-environmental dilemma (Lo, 2015). Numerous energy-
related policies have been enacted to reduce the country’s dependency on coal, prioritise investment in
renewable energy, and enhance energy efficiency.

However, despite the best intentions behind policy formulation, not all policies yield the desired
outcomes. Policy implementation is one of the general factors that cause policy failure, as it largely

determines the effectiveness of a policy system (Tosun, 2012). In fact, implementation gap poses a

*Published in Journal of Environmental Policy & Planning, 2023, Taylor & Francis.



significant challenge to environmental governance (Schreifels et al., 2012). Studies on implementation
gap attempt to explore why and how policies deviate from their intended outcomes (Signé, 2017).
Existing literature primarily focuses on explaining the weak and inefficient enforcement of policies,
commonly known as under-implementation (van Rooij, 2006). Scholars have argued that factors such
as the distribution of authority (O’Brien & Li, 1999), conflicts of interest across different levels of
government (Van Rooij, 2006), China’s fragmented vertical and horizontal governance structure
(Kostka, 2014) and local incentive structure (Ran, 2013) may impede the implementation of
environmental policies, resulting in under-implementation.

Under China's authoritarian regime, policy over-implementation is a well-known phenomenon in
certain areas such as anti-corruption and the response to COVID-19 crisis (Cai et al., 2021). However,
in the field of environmental governance, this phenomenon is relatively new and has emerged over the
last decade. Despite extensive literature on policy under-implementation, there is a limited amount of
research focusing on over-implementation, which forms the opposing pole of implementation deficit to
under-implementation. This study aims to fill this research gap by examining the reasons behind the
occurrence of over-implementation. Additionally, this study explores whether there have been systemic
changes in the implementation of local environmental policies in China, leading to a shift from under-
implementation to over-implementation.

Policy over-implementation in China is often associated with an authoritarian approach. Scholars
have classified China’s environmental governance as authoritarian environmentalism (Eaton & Kostka,
2014), highlighting the role of a strong central power in ensuring rapid and effective implementation of
environmental policies. In recent years, the centralized reform of China's environmental governance
system has been driven by the power recentralization of the central government and its strong
environmental commitment since 2012 (Kostka & Nahm, 2017). These changes have resulted in
significant improvements in the local implementation of central environmental policies and occasional
instances of over-implementation of environmental policy. However, the question remains whether
China has overcome the fundamental challenges of inefficient environmental governance through
environmental recentralization.

The issue of social justice stemming from environmental authoritarianism has garnered scholarly
attention, as it is widely acknowledged that the top-down and non-participatory decision-making
processes in environmental authoritarianism can result in a trade-off between rapid environmental
response and the protection of individual freedoms and rights (Jia & Chen, 2019; Hu, 2020; Lo, 2021).
This trade-off creates a heightened tension between environmental governance and social justice, as
local governments are incentivized to prioritize efficiency over the interests of residents (O'Brien & Li,
1999). For instance, during the 13th FYP period (2015-2020), some provinces resorted to

counterproductive and short-term strategies, such as electricity supply cuts, to achieve the "double
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control" targets, which aimed to control energy intensity and total energy consumption. *Environmental
authoritarianism may aggravate existing inequalities and further marginalizes disadvantaged social
groups (Lo, 2021).

This study aims to investigate the reasons behind the over-implementation of China's environmental
policies and the resulting consequences. Focusing on the coal-to-gas clean heating program (CTG), it
explores how China's environmental policy implementation has addressed longstanding challenges in
the environmental governance system, leading to over-implementation. The study also examines the
consequences of authoritarian enforcement and policy over-implementation. The findings underscore
the contextual change, higher political pressure, administrative benefit and economic incentives in
reshaping the interactions between multilevel governments and the behaviour of local implementers.
However, an authoritarian approach may disregard the conflicts that arise at the street bureaucratic level
and the opposition from policy receivers, leading to potential social injustice.

The contribution of this paper is threefold. Firstly, it addresses the research gap on policy over-
implementation, expanding the understanding of implementation gaps in environmental policies.
Secondly, it enriches the literature on the influence of contextual changes on policy regime and
implementation, advancing implementation gap theories. Thirdly, it provides insights into the debate
on recentralization in China's environmental governance and its impact on policy outcomes, while also
shedding light on issues of injustice and energy poverty caused by authoritarian environmentalism (Jia
& Chen, 2019; Hu, 2020; Fan et al., 2022). The findings of this study have significant implications for
the study of implementation gaps, authoritarian environmentalism in China, and the successful
implementation of environmental policies.

The rest of the paper is structured as follows. Section 2 provides theoretical rationales and analytical
framework. Section 3 describes the methods and data used. Section 4 conducts an analysis of the case

study on CTG. Finally, Section 5 discusses and concludes the main findings.

3.2 Theoretical rationales and framework

3.2.1 Implementation gaps in environmental governance

The success or failure of a policy is heavily influenced by its implementation strategy (Durlak and
DuPre, 2008; Knill & Tosun, 2020). Scholars have extensively studied policy implementation outcomes
and have developed theories of implementation failures through case studies (Hogwood & Gunn, 1984).
Numerous analytical frameworks have emerged in "implementation gap" research, including top-down,
bottom-up, and comprehensive approaches (Sabatier, 1986; Lipsky, 1980; Goggin, 1990). The
implementation gap refers to the difference between a policy's intended objectives and its actual results,
as policies may suffer from delayed implementation or unintended consequences (Palfrey, 1999). The

literature has identified several factors that contribute to unsuccessful implementation, including overly

1 Three reasons behind the impact of China's power cuts and restrictions on residents' lives (BBC News).
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optimistic expectations and ambiguous policy design (Hudson, 2019), diverse perceptions of policy
goals and the preferences of implementers in dispersed governance (May & Winter, 2007), policy
resources and agency capacity (Van Meter & Van Horn, 1975), incentive structures (Ran, 2013), and
intergovernmental relations (van Rooij, 2006).

The issue of policy implementation gaps in environmental governance is a significant challenge in
China (Zhang & Cao, 2015). While the central government in China recognizes the importance of
addressing environmental issues and has implemented a range of policies to tackle them, many of these
policies have faced difficulties in achieving their intended outcomes, resulting in an implementation
deficit (Zhan et al., 2014). Several scholars ascribe this to institutional constraints, particularly the
distribution of authority and the incentive structure (van Rooij, 2006; Ran, 2013).

China's approach to environmental governance is dominated by a powerful party-state and a reliance
on command and control instruments (Liu et al., 2012). However, scholars argue that the effectiveness
of environmental policies and authoritarian central power is usually offset by the dispersion of
implementation, as local bureaucracies often prioritize their own interests and lack the motivation to
implement environmental policies (Ahlers & Shen, 2018). The decentralization reform initiated in the
1980s led to a “decentralised authoritarian regime” (Zheng, 2006; Landry, 2008), which has posed
challenges for policy implementation at the subnational level. Fiscal decentralisation in 1994 has
created financial competition among local governments, leading them to prioritize economic
development over environmental concerns (van Rooij, 2006). Despite the issuance of environmental
standards by the central government, these standards have had limited impact on local environmental
conditions, as subnational governments often lower them to attract capital (Luo & Ling, 2020).
Therefore, the decentralised authoritarian regime has created disincentives for environmental policy
implementation, resulting in policy conflicts and under-implementation due to conflicting interests

between different levels of governments often (Wang & Lin, 2010).

3.2.2 Recentralisation and over-implementation

Policy regime theory emphasizes the significance of incorporating politics into the understanding policy
implementation, as political context influences policy legitimacy, coherence, and durability (May &
Jochim, 2013; Liu et al., 2015). Over the past decade, China has experienced both political
recentralization and changes in environmental governance. Under the leadership of Xi Jinping,
measures have been implemented to increase the central government's control over local actors by
reducing the powers and discretion of local governments, recentralising administrative control, and
introducing new monitoring and sanctioning practices (Kostka & Nahm, 2017). Concurrently, the
central government has shifted its focus from pursuing economic growth to prioritising sustainable
development (Hansen et al., 2018). Consequently, the central government has demonstrated a stronger
commitment to environmental protection and employed more authoritarian and top-down approaches

to policy enforcement (Lo, 2021).
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The contextual changes have led to positive shifts in the implementation of environmental policies,
addressing some fundamental issues associated with China's decentralized authoritarian regime,
including conflicts between different levels of government. Figure 3.1 presents the conceptual
framework illustrating the transformed dynamics of environmental policy implementation resulting
from the recentralization of power and increased environmental commitment in China. The opposition
from local stakeholders to environmental policies, arising from conflicting interests and institutional
fragmentation, may diminish as higher-level governments demonstrate a stronger commitment to
environmental protection (Liu et al., 2018). Three mechanisms contribute to explaining the reshaping

of these interactions.
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Figure 3.1. Conceptual framework.

Political pressure

Existing literature highlights the significant influence of political factors on China's environmental
performance. As a unitary system led by the Communist Party of China (CPC), the central government
and CPC utilize “political philosophy” (zheng zhi li nian) to regulate and mobilize subnational
governments. This guiding ideology serves as the fundamental framework for implementing policies
(Zhu & Moser, 2014). Consequently, effective policy programs are often driven and supported by
explicit political efforts rather than relying solely on legal mechanisms (Eaton & Kostka, 2014).
However, this influence operates informally. Environmental protection in China has been positioned as
a political imperative by the government. The recentralization reforms have signalled the central
government's strong commitment to environmental protection, thereby motivating them to faithfully
implement environmental policies. Subnational government officials, driven by their career aspirations,
often engage in self-reinforcement strategies, demonstrating a behaviour of “political awareness” or

“high political sensitivity” (Zhu, 2012).
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However, subnational governments are also facing an "over-mobilization problem" as they seek to
elevate their governance goals and establish more stringent assessment mechanisms during policy
implementation process. The increasing political pressure, which cascades down the hierarchy, often
undermines the hierarchical incentive logic based on "order-obey" and "assessment-incentive,"
reflecting the internal dynamics of self-reinforcement among local officials. Furthermore, the
authoritarian approach and limited participation or bottom-up input in the policymaking process often
overlook the conflict of interest among policy makers, implementers, and policy recipients. The pursuit
of policy efficiency often comes at the cost of curtailing individual freedoms and rights (Hu, 2020). In
the process of recentralisation, the resurgence of central government power may also have a "crowding-

out effect” on citizen participation and market mechanisms (Beeson, 2010).

Administrative benefit

The central government mobilizes subnational government formally through its administrative system.
The career advancement for Chinese government officials relies heavily on the approval and
recommendations from higher-level leadership (Li et al., 2019). In the recentralization process, the
central government has strengthened the evaluation of local officials, thereby reinforcing its power.
This has intensified the "yardstick competition” where lower-level officials compete for promotion
based on their performance evaluations (Caldeira, 2012). Consequently, local officials are incentivized
to not only perform well but also outperform their competitors by setting higher targets than those set
by higher-level governments. In recent years, the central government has increased the importance of
the ecological environment in the assessment of officials by raising the proportion of ecological
indicators in overall performance evaluations, implementing the environmental protection target
responsibility system, and implementing the "one vote veto" in ecological environment assessments
(Kostka & Nahm, 2017). The introduction of penalty mechanisms and promotion pressure has
compelled local governments to prioritize environmental protection and achieve the targets set by
higher-level governments.

Furthermore, the recentralization of environmental governance in China has not only consolidated
power in the environmental sector, but has also facilitated intersectoral collaboration, addressing the
issue of administrative fragmentation. This is evident in the increased power of environmental
bureaucratic agencies, which have become more centralized at the provincial level, and the adoption of
campaign-style enforcement in environmental governance over the past decade. By mobilizing
administrative resources and all actors, campaign-style enforcement can overcome the fragmentation
typically associated with hierarchical governance and help establish sustainable cooperation
mechanisms (Jia & Chen, 2019).
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Economic incentives
Local governments heavily depend on central fiscal incentives and their own financial resources to carry
out environmental policies. In order to promote and support local governments in enhancing
environmental protection, the central government employs a range of strategies. Transfer payments are
utilised as a mechanism to offset the opportunity costs associated with environmental protection,
effectively aligning the interests of both central and local authorities in environmental preservation.
Additionally, the central government provides economic support in the form of subsidies and
rewards for the implementation of environmental policies. The level of budgetary support and the size
of the subsidy or reward received by local governments are contingent upon their spending and
performance. Consequently, local governments engage in competition to complete more projects and
secure larger subsidies, which are then incorporated into their local fiscal systems. With the
recentralization of power and a stronger commitment to environmental protection, the central
government has consistently increased transfer payments, incentives, and subsidies, including the
establishment of special funds dedicated to local environmental protection (Zhou, 2018). These
measures serve as effective motivators for local governments to actively implement environmental

protection policies.

3.3 Methodology

3.3.1 Case selection

This study focuses on the implementation of the CTG policies in China. Energy-related pollution has
been a persistent environmental issue in the country, and the reduction of coal usage has been considered
as an option to address air pollution (Heggelund, 2021). In response to the worsening smog problem,
China launched the Air Pollution Action Plan (2013-2017) during the 12th Five-Year Plan period, with
the aim of improving air quality within five years. As part of this plan, the CTG clean heating program
was implemented to phase out the use of bulk coal for heating in rural areas of Northern China (Zhang
etal., 2021). The central government initiated a campaign-style enforcement of CTG in 2017 to achieve
the environmental goals set by the 2013 Action Plan (Hu, 2020). However, the implementation of CTG

has also resulted in issues such as over-implementation, gas shortages, and inequity (Xie et al., 2022).

3.3.2 Data collection

This study employed a combination of secondary and primary data. The analysis primarily relied on
publicly available secondary data, which were sourced from governmental websites, social media, local
newspapers, academic literature, and other public texts. In addition to secondary data, primary data was
collected through 13 semi-structured interviews. The interviews were conducted in two cities from,
Yantai in Shandong province and Duandian Township in Linfen, Shanxi province. The interview
participants included three villagers from Lvjiagou Village, one government official from the Housing

and Urban-Rural Development Administration of Fushan District, two village heads from the

53



government office of Gaotong town. In the jurisdiction of Duandian Township, participants included
one city-level official from Linfen Environmental Protection Bureau (EPB), three township-level
officials from Duandian Township, one village head, and two villagers from Xideng village.

The data collection for this study has certain limitations. While primary data from semi-structured
interviews were collected, they alone were not sufficient to form the main data of this study. Moreover,
the sample did not include some important actors such as national and provincial level officials, natural
gas companies and installation enterprises. As a result, secondary data were used as the main data, and
primary data were used to supplement it. To ensure accuracy, sufficient secondary data were collected

to cross-check all the important information presented in this study.

3.4 Analysis and results

CTG is a state-led initiative to reduce bulk coal consumption in the heating sector by replacing it with
natural gas, thereby improving air quality and reducing emissions. The project was initiated in 2013,
implemented in early 2017, suspended shortly later that same year due to problems related to over-
implementation, and is currently operational in certain provinces. Although the project was designed
with good intentions and fully implemented by local governments, the over-implementation caused by
the authoritarian enforcement style led to gas shortages and social injustice (Hu, 2020).

3.4.1 The policy implementation process

In 2013, the Chinese State Council issued an “Action Plan for the Prevention and Control of Air
Pollution” to combat smog. This plan set out clear targets for air quality improvements in specific areas
over a five-years period. Addressing coal consumption was a key focus of the plan. However, despite
the plan’s objectives, air pollution remained a serious problem by 2017, the year set for assessment
(Wang & Ren, 2021). In light of this, the Chinese government regarded the CTG project as a necessary
policy to be implemented if the country was going to achieve clean heating.

In 2017, a series of policy documents was issued to facilitate the successful implementation of the
CTG project. The guiding documents included the “2017 Work Plan for Air Pollution Prevention and
Control in Jing-Jin-Ji and Surrounding Areas” and a “Notice on the Central Financial Support of
Clean Winter Heating Pilot in Northern Areas”. These policies chose “2+26” cities (presented in
Appendix B.1) as pilots for implementing the CTG project. According to the project goal, six provinces
and cities were required to complete a target of 300,000 (Beijing), 290,000 (Tianjin), 1.8 million (Hebei),
390,000 (Shanxi), 350,000 (Shandong), and 420,000 (Henan) households’ worth of coal-to-gas-
conversion respectively (Ministry of Environment Protection (MEP), 2017).

All these provinces created detailed plans to restructure clean heating (coal-to-gas) and allocated
targets to local municipalities, enabling them to develop action plans accordingly. Under the pressure
of achieving project goals, all levels of local governments set higher targets than their allocated targets,

which resulted in the conversion rates far exceeding the central government’s plans (Wang, 2018). For
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example, in Hebei province, the total CTG conversion rate, which is a sum of the targets set by the local
governments, reached 2.56 million households’ worth (Wang & Ren, 2021), which accounted for 142%
of the target set by the central government. By the end of October 2017, Hebei had completed the
conversion of 2.3 million households, exceeding the central target by nearly 30% (Yu, 2017). Similarly,
other provinces achieved about 162% of the target set by the central government for 2017 (Ma & Wei,
2018). This over-implementation reflects the pressure faced by local governments to demonstrate
progress and meet ambitious goals.

However, many problems arose during the CTG project, of which the most severe was a gas
shortage. In 2017, the gas demand from industries, civilian usage, and power generation increased while
the gas supply decreased. The CTG project further exacerbated the imbalance between supply and
demand. Data revealed that daily gas consumption in December 2017 increased by 20% on the previous
year over the same period, with the CTG project contributing approximately 30% of the new demand
(Gao, 2017). This led to a severe “gas shortage” in northern China during the winter of 2017, which
spread to the middle region of the country and a few provinces in the south (Huang & Liu, 2021). In
November 2017, Hebei issued an orange warning (level 2 warning) for gas supply, which entails
reducing or stopping gas supply by order of the provincial government (Dong, 2017). Southern regions
such as Hunan, Hubei, and Jiangxi were also affected by the gas shortage. In December 2017, the MEP
issued an urgent document to suspend the CTG project in winter, allowing coal burning again to
alleviate the “gas shortage” (MEP, 2017).

In 2018, the CTG program experienced a slowdown, but it continued in 2019 with the release of a
new three-year plan (Hu, 2020). However, challenges such as gas shortage and high heating costs also
continued (Clean Heating Industry Committee, 2021). In July 2019, the National Energy Administration
issued the “Notice on Addressing Issues Related to the Promotion of Coal-to-Gas, Coal-to-Electricity
and Other Clean Heating”. It proposed a shift away from the campaign-style enforcement of the CTG
program and advocated for a more flexible approach that takes into account local conditions. This
change marked a departure from the previous "one-size-fits-all* approach to clean heating

implementation.

3.4.2 The logic of over-implementation

CTG is a campaign that took place during a significant shift in China's environmental governance. The
central government has demonstrated a strong commitment to ecological civilization and environmental
protection since 2012. As a result, the incentive system for local governments has undergone
restructuring, placing greater emphasis on meeting environmental targets (Kostka & Nahm, 2017). In
2014, China implemented the strictest responsibility and assessment system for air quality management,
which made the achievement of air quality improvement a mandatory assessment indicator and
introduced a "one-vote veto" mechanism. In 2016, a central environmental protection inspection system

was launched to monitor local implementation of environmental policies and regulations (Jia & Chen
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2019). The "Action Plan for the Prevention and Control of Air Pollution” was launched in response to
the mounting pressure placed on local governments.

The “Action Plan” set a target of controlling the annual average PM2.5 concentration in Beijing at
60 micrograms per cubic meter by 2017. However, according to the 2016 interim assessment conducted
by the MEP, the existing approach was insufficient to achieve this target (MEP, 2016). Bulk coal
burning was identified as one of the primary sources of pollution (Liu et al., 2016). Government officials
who failed to meet the emissions targets faced rectification and suspension from office. Thus, to meet
the emissions targets, the CTG project was employed as a strategy to mitigate pollutants produced by
coal burning, as gas conversion proved to be effective in this regard (Hu, 2020). The implementation
of target responsibility and accountability has had a significant impact on local governments who
previously prioritized economic growth over environmental protection. This approach sends a clear
message that environmental policies must be implemented without selective enforcement. The Linfen
EPB official mentioned that: “the mayor just had an admonishing talk (yuetan)” with the MEP due to
the deteriorating air quality before the coal-to-gas conversion was implemented, so we definitely had
to act aggressively.”

The CTG project's low level of conflict between the policy designer (central government) and policy
re-designers (provincial and municipal governments) has facilitated its extensive roll-out. The author's
survey revealed that the over-achievement of CTG conversion was largely due to the provincial and
municipal governments' autonomy to increase the task targets during the policy interpretation and
redesign process. Unlike many other environmental policies that directly impact local enterprises and
economies, the CTG programme targeted the clean heating for households, thereby avoiding any harm
to local development and generating positive policy benefits, considering that environmental
governance is a local government responsibility. Additionally, as the procurement of gas equipment is
often contracted by local companies, the CTG project was perceived as an opportunity for related local
industries to benefit and contribute to local economic growth. As an official from Fushan District
explained, "We have to procure our gas fireplaces through a tender process, but the bidders are mainly
local companies. We require bidders to have after-sales maintenance sites within the local area;
although it's more difficult for foreign companies, this requirement is necessary for the convenience."

To further reduce the conflict, the central government provided financial incentives. Substantial
financial subsidies and awards were allocated to local CTG projects, creating an additional motivation
for local governments. Beijing and Tianjin were eligible to receive an annual subsidy of one billion
RMB, while provincial capitals could receive 0.7 billion RMB annually, and other cities could receive
0.5 billion RMB annually (Ministry of Finance, 2017). These incentives, combined with the low conflict

level, led to local governments setting more ambitious targets than those set by the central government

*To enhance the environmental governance of local governments and promote greater accountability, the
MEE initiated a system of administrative admonishing talks starting in 2014. These talks were conducted with
local government leaders who were identified as having insufficient implementation of environmental policies.
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(Wang, 2018). As pointed out by an official from Duandian Township, "Any locality will want to take
advantage of subsidies to step up their efforts, because the subsequent subsidy support policy is not yet
clear." However, this proactivity ultimately led to over-implementation.

The CTG project benefitted from an empowered and centralized governmental bureaucracy, which
effectively addressed institutional fragmentation and fostered intersectoral collaborations during
implementation. This was achieved through a redistribution of power that increased the authority of
higher-level environmental agencies in appointing personnel and overseeing lower-level environmental
agencies. Simultaneously, it reduced the influence of local governments over environmental agencies
of similar status (Jia & Chen, 2019). Local environmental protection departments were granted more
authority to coordinate with other government departments in implementing environmental policies.
Interviews revealed that the local environmental protection department, acting as the coordinating
department through the "inter-ministerial joint meeting" mechanism, played an active role in promoting
the CTG project.

The excessive roll-out of the CTG project can also be attributed to the mobilization capacity of an
authoritarian regime. The central government's clear support and the top-down pressure from
environmental authoritarianism create a strong political incentive for lower levels of government.
Multiple policy documents have been issued by the central government to assign task goals and establish
strict assessment systems for ministries, provinces, and municipalities. These policy objectives are
considered political tasks, aiming to enhance local motivation for policy implementation. The pressure
to achieve environmental targets can be intense, as exemplified by an EPB official: "we had one leader
preferred to fabricate data rather than admit that the target was not met." Lower-level local
governments tend to engage in self-reinforcement for career advancement, demonstrating a behaviour
of “political awareness” or “high political sensitivity” (Zhu, 2012).

Furthermore, the result-oriented control in China's current administrative performance appraisal
mechanism grant local governments autonomy in implementing policies (Wu et al., 2017), which
activates their proactivity and prioritization of short-term interests. The CTG project serves as an
example of this trend, as it was planned and executed within a span of 10 months using top-down
approaches such as cascading, tasking, and fast-tracking of policy implementation. Moreover, political
mobilization was utilized to concentrate resources and efforts towards achieving specific objectives. An
official from Duandian Township confirmed that many cadres feel that “achieving more work brings
political achievements (Zhengji), while less work may lead to criticism from superiors. As a result, the
cadres responsible for this project are very active.” The over-implementation of the CTG project is a
result of multiple factors, including strong environmental commitment from the central government,
intense top-down political pressure, favourable financial incentives, administrative performance
appraisal mechanism, self-reinforcing pursuits of local implementers, and a high level of state control

over society in the context of recentralization of environmental authoritarianism.
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3.4.3. Varieties of conflicts and injustices

While recentralisation can help resolve conflicts between environmental policy designers and re-
designers, it may introduce new conflicts among local implementers at different levels. As part of its
enforcement of CTG, The Chinese central government allocated targets to provincial governments, who
then distribute detailed tasks to municipal, county and township governments and local cadres (Zhang,
2020). The increased targeting by provincial and municipal governments in translating higher-level
policies and setting policy targets for lower levels of government is the main cause of the over-
implementation of CTG. Local cadres, responsible for ground-level implementation, have the least
discretionary power but face the highest pressure, as stated by a local cadre in Gaotong town: "The
decision on which village to implement coal-to-gas conversion is made by the province, and all villagers
have to participate. We (local cadres) are only responsible for implementation. But the villagers do not
cooperate, and our work is very difficult."

The CTG project is a highly centralized decision-making process that excluded the participation of
ground-level implementers. The upper levels of government imposed significant pressure on lower
levels due to the tight schedule and heavy workload. In the case of Duandian Township, since October
2020, the responsibility for coal-to-gas conversion was entrusted to the township government, which
then assigned tasks to regional heads and administrative village cadres through target responsibility
letters. To ensure progress, the township government formed an inspection team to provide daily
feedback on CTG conversion, and the work was integrated into the assessment system for township and
village cadres. "Zeroing in on bulk coal burning" became a “hard” target. Failure to achieve the target
within the stipulated timeframe would face rectification for local cadres, while villages that completed
the requirements on time would receive financial incentives. Driven by this top-down pressure,
Duandian Township completed the clean heating renovation for all 34 administrative villages, totaling
11,482 households, in a remarkably short period of six months.

Conflicts not only arise between policy designers and implementers but also between implementers
and recipients, resulting in various challenges during the implementation of the CTG project. One
notable issue is the gas shortage, which led to the suspension of industrial and commercial gas use in
certain cities, and a rapid increase in gas prices. Additionally, some local governments failed to fulfil
their subsidy commitments due to over-implementation of the policy (Qi & Xiao, 2019). In more
extreme cases, individuals like a construction worker in Xinzhou, Shanxi, faced administrative
detention for burning coal outdoors for heating (Liu, 2017). Villagers express concerns about the rising
cost of heating, as gas subsidies are insufficient to cover the additional cost. The high price of natural
gas makes heating more expensive than coal. As one villager mentioned, "We usually use it for cooking,
but we can't really afford to use it for heating. In rural areas with large rooms, it costs at least 50 yuan
a day to heat rooms with gas, and even more if you want to get warmer." Another villager mentioned
that “some households in their village still do not have gas connections even after two years. People

bl

purchase additional stoves to burn coal, which is not as strictly enforced as before.’
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The conflicts that emerged during the implementation of CTG project failed to impede its excessive
expansion. Scholars often analyze China's environmental policies through the lens of authoritarian
environmentalism, which differs from the democratic approach that prioritizes public participation,
decentralization, and civil society's role in environmental governance (Beeson, 2010). Authoritarian
environmentalism involves the central government's authoritative control over local governments and
the state's domination over society, restricting individual liberties and public participation (Gilley,
2012). The priorities of the authorities may not necessarily align with those of other stakeholders, even
if the latter are the ones directly affected by the policies. Unlike in an electoral system, the Chinese
authoritarian system holds local governments accountable to their superiors rather than their
constituents. Consequently, local governments prioritize conflicts with their superiors over those with
policy beneficiaries. Other stakeholders who are affected by the policies are often compelled to accept
them passively. This practice is deeply ingrained in China's longstanding authoritarian regime which

inevitably leads to injustice for these stakeholders.

3.5 Discussion and conclusion

In China, resource limitations often lead local governments to prioritize certain policies over others
(O’Brien & Li, 1999). The interest conflicts between government levels, power discretion, poorly
designed incentive mechanism and institutional fragmentation often result in under-implementation of
environmental policies (Schreifels et al., 2012; van Rooij, 2006; Wang & Lin, 2010; Ran, 2013).
However, recent centralization reforms have brought about some changes in this context. When the
central government shows strong commitment to environmental protection, sets hard targets, and offers
significant incentives, the interest conflicts between government levels may shift. Under high top-down
pressure, local governments will be forced to prioritize certain policies according to the central
preference and mobilize all available resources to meet the assigned targets. Furthermore, when a higher
level of government initiates a governance campaign, local governments may tend to over-implement
certain policies to enhance their political achievements and compete with other governments.

This study sought to pinpoint the logic behind the over-implementation of energy-related
environmental policies in China, focusing on the case of the CTG project. It investigates how policy
implementation overcomes long-standing problems in the environmental governance system, leading
to over-implementation. It argues that the context of environmental governance recentralisation and
stronger environmental commitment have reshaped the interactions between multilevel governments.
Policy over-implementation can be attributed to several factors, including political pressure,
administrative benefit, positive economic incentives, combined with a high degree of state control over
society in the context of environmental authoritarianism.

It is important to recognize that recentralization can increase the likelihood of over-implementation,
although it is not always the outcome. Over-implementation tends to occur in areas that are explicitly

prioritized by the central government and face significant pressure from higher levels of government,
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particularly in environmental issues, also can be seen at the COVID-19 response. The occurrence of
over-implementation is influenced by a combination of power pressure and operational discretion,
reflecting the awareness and self-reinforcement of lower levels of government towards the concerns of
the central government or higher levels of government. Subnational officials continuously adapt their
strategies to align with the policy priorities of the central government and allocate limited resources
accordingly.

However, the centralized policy-making process that excludes the participation of local
implementers fails to address conflicts at the street bureaucratic level. The authoritarian enforcement of
policies also disregards opposition from policy receivers, potentially causing harm to certain social
groups and communities and perpetuating social injustice and inequality. When the interests of non-
participants are affected, they may seek to draw the attention of the central government through petitions
and social media, exerting pressure for a change in the implementation approach of a particular policy,
as observed in the CTG project. While the Chinese government often responds to public opinion with
responsive and remedial measures to maintain social stability (Qiaoan & Teets, 2020), scholars argue
that procedural or participatory justice is essential for promoting justice. Meaningful participation of all
stakeholders, especially those affected by the policy, in the policy-making process is crucial (Walker &
Day, 2012).

The implementation of environmental policies is a crucial issue in environmental and energy studies
as even well-designed policies can fail if not implemented properly at the local level. This study offers
a unique contribution to the literature on policy implementation gap by analyzing the political and policy
regime factors (Kostka & Nahm, 2017; Li, 2010; Liu et al., 2018) underlying the over-implementation
of environmental policies, a relatively new phenomenon. It also sheds light on China's authoritarian
environmentalism and the root problems in its environmental governance system. Implementation gaps
are common across various political regimes, and the factors that cause these gaps are particularly
noteworthy when comparing different systems. While discretion among implementers may result in
implementation gaps in a democratic regime (Edwards, 1980), an authoritarian system may enable more
faithful policy implementation due to the concentration of authority.

China has undergone a recentralisation process over the past decade (Chen & Lees, 2019), which
has aimed to achieve policy targets through coercive measures. However, this study highlights that
authoritarian environmentalism is more effective in producing policy outputs than outcomes,
particularly when local governments prioritize environmental targets under high political pressure by
sacrificing other local needs. This perspective challenges the assumption that increasing the power of
the central government through recentralization will lead to better outcomes. By offering a diversified
perspective, this study contributes to the ongoing debate on the advantages and disadvantages of
authoritarian environmentalism (Kostka & Nahm, 2017; Li et al., 2019).

Some limitations of this study should be acknowledged. Firstly, the methodology section outlines

the data limitations. Secondly, the focus on China restricts the generalizability of the findings. Thirdly,
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the study only examines the gap between central policy design and local policy implementation, without
delving into the nuances between different local governments. As some scholars have pointed out, a
uniform policy implemented by the central government may have different outcomes in different
political jurisdictions due to their varying situations, such as uneven levels of development and unequal
distribution of resources (Ahlers & Shen, 2018). Hence, the implementation gap in local governance

could be an important area for further research.
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4 Why does electric vehicle deployment vary so much within a nation? Comparing Chinese
provinces by policy, economics, and socio-demographics”
Written together with Mile Misi¢

Abstract. Despite the global growth of the electric vehicle (EV) market, disparities in EV distribution
within countries remain apparent. To shed light on the issue, this study investigates the spatial
dimension of China's EV sector. Using five EV-related indicators and the c-means clustering method
(FCM), this study conducts a cluster analysis to examine the spatial distribution of the EV sector across
25 provinces in Mainland China. By selecting one representative province from each cluster, a
comparative case study was subsequently performed to uncover the factors contributing to variations in
EV development among provinces. Our findings reveal the presence of regional imbalances and identify
four distinct clusters: producers (five provinces), retailers (two provinces), green transport (seven
provinces), and laggards (eleven provinces). The study reveals that provincial economic and socio-
demographic factors, along with policy mixes, play significant roles in shaping this heterogeneity. A
robust economy drives EV demand and support the establishment of charging infrastructure and new
technologies. Additionally, a thriving automotive sector can facilitate the EV development. However,
protective tendencies exhibited by provincial governments towards existing production hinder the
adoption of new technologies and impede EV sector growth. The proactive approach of governments

and the integration of policies into the local context are vital for fostering the growth of the EV sector.

4.1 Introduction

Global sales of electric vehicles (EVs)? peaked in 2019, with 2.3 million units sold and the United States,
Europe, and China sharing around 90% of the market (Gersdorf, 2020). Compared to two years earlier,
the sales volume doubled, continuing a perennial trend since 2012 (Hertzke, 2018). This remarkable
growth mirrors the efforts and funds that governments, through subsidies and other policies, have
invested in EVSs, seeing them as a cornerstone of their strategies for energy transition in the transport
sector (Zhang & Bai, 2017; Li et al., 2019; Zheng et al., 2022).

Energy transition, among others, represents a governance challenge that demands action from
multilevel actors, including nation-states and subnational actors (Kéhler et al., 2019; Hsu et al., 2020;
Bjerkan et al., 2021). While governments set the tone and steer the transitions, there are many other
factors that can influence it (Sovacool, 2017; Sovacool et al., 2019; Trencher et al., 2021). From the
literature, we know that energy transitions take place in socio-economic contexts with specific
institutions, histories, infrastructures, and energy mixes and that the results are usually not equally
distributed spatially (Balta-Ozkan et al., 2015). This can occur in microregions, countries, or even

different jurisdictions within a country. Uneven energy transition results in problems when concomitant

* Published in Energy Research & Social Science, 2023, Elsevier.
2 In China, EVs are called new energy vehicles (NEVS), a term which encompasses BEVs (battery electric
vehicles), PHEVs (plug-in hybrid electric vehicles), and fuel cell electric vehicles (FCEVs).
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new technologies, investments, and jobs cluster in more affluent areas, further aggravating the economic
stagnation of the laggards (Naqgvi et al. 2021; Laurentis & Pearson 2018; O'Sullivan et al. 2020;
Bouzarovski & Tirado Herrero, 2017; Eicke & Goldthau, 2021; Sovacool et al., 2020). Considering the
increased concerns about regional inequality, this problem might be even more serious within a country
(Lipps & Schraff, 2021; Riva et al., 2021). However, although some recent studies have examined the
development of EVs on the national and international levels (Yan, 2018; Rietmann & Lieven, 2019;
Bellocchi et al., 2019), only a few have analysed the distribution of the EV sector at the subnational
level.

In light of this, we pose two questions: How does the EV sector develop within countries? How can
we explain the variation? To answer these questions, we focus on the case of China and propose two
explanations. First, China accounted for more than 50% of all EV sales in 2019, being both the largest
producer and the largest market (Balta-Ozkan et al., 2015; Li et al., 2021). Secondly, there seem to be
striking differences between Chinese provinces in terms of performance and the overall development
of the EV sector. For instance, between 2011 and 2017, more than 50% of all battery electric vehicle
(BEV) sales in China were made in only five provinces (Zheng et al., 2020). As expected, the charging
infrastructure follows a similar pattern, with more than 93% of the new charging and battery swapping
stations planned for the more developed coastal provinces (Ji & Huang, 2018). Additionally, the
production of EVs appears to be rather concentrated, with six provinces producing almost 60% of all
the EVs manufactured in China in 2018 (China Automotive Technology Research Center, 2019).

Methodologically, we first conducted a cluster analysis based on five variables to assess and classify
the development of the EV sector among Chinese provinces. Secondly, we selected one province from
each cluster and conducted a comparative case study. By comparing the EV sector and local contexts
in selected provinces, we shed light on factors that may explain the observed differences. Our results
indicate that the local economic context plays an important role. A strong economy can drive local EV
demand, enhance EV infrastructure, and support the technological development of EVs. Moreover, a
well-established vehicle industry often facilitates the development of the EV sector. However, an
entrenched industry focused on internal combustion engines can also impede the progress of EVs due
to protectionism. Furthermore, our results highlight the significant role of provincial government
policies and actions in shaping the development of the EV sector in China. Also, our study confirms
previous findings that more affluent provinces tend to outperform others in all aspects of the EV sector.

This study makes a significant contribution to filling the research gap regarding the spatial
dimension of energy transition and the distribution of EVs at the subnational level. Our study speaks to
the literature on energy transition as a geographical process (Bridge et al., 2013) and the notion of the
unequal distribution of costs and benefits that arise from these transitions (Eicke & Goldthau, 2021;
Sovacool et al., 2020). Furthermore, this paper is relevant to researchers studying inequalities in China

and to policymakers focusing on EVs.
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The rest of this paper unfolds as follows. Section 2 provides the theoretical background and a brief
history of EVs in China. Section 3 explains the methods and data used in the study, followed by the
presentation of the cluster analysis results in Section 4. In Section 5, we analyse and discuss selected
case studies, and this is followed by a comprehensive discussion in Section 6. Finally, Section 7
concludes the study.

4.2 Regional inequalities and EVs in China

Mobility transition is an important, highly complex, and very expensive undertaking, costing up to 0.1%
of China’s total GDP per year (Markard, 2018; Riesz et al., 2016). It is also a strategic priority of the
Chinese government, which aims to establish China as the global leader in automotive transformation,
ensuring early market dominance. The government has made substantial investments in national EV
programs, significantly expanding both the supply and demand of the domestic EV sector. Moreover,
China plays a leading role in international bodies, such as the Clean Energy Ministerium, advocating
for EVs (Tosun & Shyrokykh, 2021). Consequently, both the central government and researchers
perceive the EV sector in China as a critical emerging industry. From the perspective of provincial
governments, those at the forefront of the mobility transformation will receive greater political and
economic benefits from the central government (Cao et al., 2021). As a result, competition among
provinces in the EV sector is intense.

For a country as large and complex as China, it is reasonable to expect that the transition will
probably not be homogenous on the provincial level. However, it might pose a problem for planners
and politicians, as there are conspicuous economic differences between the coastal and inland regions.
Following the economic reforms of the 1980s, the regions were encouraged to achieve as much
economic growth as possible, leading to a restructuring of the whole industry and practically dividing
the country into Western, Central, and Eastern clusters of provinces (Fan, 2006; Fan & Sun, 2008). In
addition, previous studies suggest that there is a clear division in China in other aspects of energy
transition, such as renewable energy development (Wang et al., 2020), green buildings (Zou et al., 2017),
and energy efficiency (Li & Hu, 2012).

The Chinese model of experimentation may partially account for the emergence of frontrunners and
laggards during the early stages of a transition. The history of EVs in China dates back to 2009 when a
pilot program called “Ten Cities, Thousand Vehicles Demonstration and Deployment Program” was
initiated. This program initially targeted 10 cities with the aim of deploying at least 1000 vehicles in
the same year (Dong & Liu, 2020; Muniz et al., 2019). The program initially focused on public transport,
but gradually expanded to include the private sector in 2011 (Zhang & Qin, 2018). From 2013 to 2015,
the promotion of EVs extended to 88 pilot cities, representing the evolution of the EV scheme, until
achieving national coverage in 2015. Figure 4.1 illustrates the distribution of pilot cities and clusters in

the EV deployment programs between 2010 and 2015.
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Figure 4.1. Distribution of pilot cities, promotion cities, and city groups.

The program demonstrated remarkable efficiency, as evidenced by the cumulative production of
Chinese EVs surpassing 1% of the entire vehicle market by November 2015 (Wang & Yu, 2016). Figure
4.2 depicts the substantial increase in EV sales and production volume between 2011 and 2018.
According to data released by the China Association of Automobile Manufacturers, national EV sales
reached 74,800 units in 2014 and surged to 1.256 million units in 2018. Internationally, China accounted
for approximately one-fifth of global sales in 2014 and 62.23% in 2018 (Meng & Jin, 2019).
Nevertheless, the market development exhibited an imbalance, with EV sales primarily concentrated in
a limited number of provinces and cities (Wan et al., 2015).

The rapid growth of China’s EV sector has given rise to new domestic brands and companies
focusing on EVs, alongside the introduction of electric models by established car manufacturers. With
the surge in EV sales in China, the market landscape has changed significantly, with urban micro-EVs

emerging as the dominant product since 2017 and maintaining that position to this day (Wang, 2020).
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The development of EVs has also spurred the rapid expansion of the charging infrastructure industry.
Starting from 2014, China has opened market access for EV-related infrastructure construction and
actively encouraged equity capital investment in charging pile construction. Currently, China boasts the
largest number of charging piles globally, with over 730,000 by the end of 2018 (Tang et al., 2019).
The provinces with the highest number of charging piles include Beijing, Shanghai, Guangdong,
Jiangsu, Shandong, and Zhejiang. However, overall, the construction of charging infrastructure in China
still lags behind the growth rate of EVs, with a charging port to EV ratio of 1:3.19, which falls
significantly short of the required 1:1 ratio (Ma et al., 2018).

4.3 Methods and data

To investigate the spatial distribution of EVs at the subnational level in China and identify the
factors influencing it, we employ a two-step analysis approach. In the first step, we utilise five indicators
related to EVs as variables and conduct a cluster analysis. This analysis allows us to identify four
distinct clusters characterised by different developmental patterns in the EV sector, as defined in our
study. Subsequently, in the second step, we select one province from each cluster and examine it as a
case study. Our analysis in the first step encompasses 25 provinces in Mainland China !: Anhui, Beijing,
Chongging, Fujian, Guangdong, Guangxi, Guizhou, Hainan, Hebei, Heilongjiang, Henan, Hubei,
Hunan, Jiangsu, Jiangxi, Jilin, Liaoning, Shandong, Shanghai, Shaanxi, Shanxi, Sichuan, Tianjin,

Yunnan, and Zhejiang. We exclude six provinces due to unavailable data.

! Mainland China has 31 provinces.
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4.3.1 Cluster analysis
The five variables used in the clustering analysis are presented in Table 4.1, together with relevant
descriptive statistics.

Table 4.1. Description of variables, data sources, and descriptive statistics.

Variable Description Data source Obs Mean Std.dev. Min Max

EV production Share of the total national Energy saving and new 25 4.16 3.60 0.01 10.70

EV production, per energy vehicle yearbook
province
EV purchase Share of the EV sales in o 25 1.50 1.55 0.16  6.69
total vehicle sales, per State and provincial
province bureaus of statistics
EV patents Share of the total national State intellectual property 25 4.00 4.46 0.05 17.20
EV-related patents, per office
province
Charging Ratio between the total Energy saving and new 25 3437 21.90 8.11 87.83
infrastructure number of chargers and EV  energy vehicle yearbook;

ownership, per province ] ]
China EV charging

Infrastructure promotion

alliance
Electric buses Share of electric buses in National report on urban 25 5.20 1.39 250 7.90
total bus fleet, per province  transport development
2018

We have selected these five variables for two specific reasons. Firstly, they align with the strategic
direction of the EV sector’s development in China, as emphasised in various government five-year plan
for EV development since 2010, such in as the “Energy Saving and New Energy Vehicle Industry
Development Plan (2012-2020) ” (State Council, 2012), and “The 12th Five-Year Plan for Energy
Development” (State Council, 2013). Also, these five variables have been consistently highlighted in
these plans, indicating their importance in assessing the development of the EV sector at the provincial
level.

Secondly, these five variables have been extensively studied in the scientific literature either as
indicators of progress towards policy goals or as influencing factors (Tang et al, 2019; Biresselioglu et
al., 2018; Golembiewski et al., 2015; Qiu et al., 2019; Aschhoff & Sofka, 2009). Therefore, we believe
that by considering these variables, we can provide a comprehensive and systematic overview of the
EV sector’s development, encompassing both the demand side (EV purchase) and the supply side (the
other four variables). Now, let's delve into each variable in more detail.

The variable “Production ” reflects the level of development and capacity of the local EV industry
to supply the market. In the context of China, it holds strategic significance as it supports the country’s
ambition to transform the automotive industry, achieve sustainability goals, and establish itself as a
major EV exporting country (Tang et al, 2019). Given the mainstreaming of automotive transformation

in China, the EV industry presents a high-potential opportunity for provinces to boost their local
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economies, leading to intense competition between them (Cao et al., 2021). Some provincial
governments even employ measures to protect and promote their own EV brands by imposing
restrictions on the entry of other brands (Zhang & Bai, 2017).

The variable “Purchase ” or EV adoption is an indicator to assess the development of the local EV
market and the acceptance of EVs by the local population. EV adoption plays a crucial role in evaluating
the effectiveness of EV policies, and numerous studies have explored this topic from both policy and
consumer perspectives (See e.g. Kumar & Alok, 2020; Tomasi et al., 2021; Hardman et al., 2018).

The variable “Patents” reflects the level of local technological progress and innovation in the field
of EVs. This is significant because the development and innovation of core EV technologies contribute
to maintaining a competitive advantage for local companies (Sun et al., 2018), aligning with the
perception of provincial governments that the EV sector is a strategic asset.

The variable “Charging infrastructure” captures the extent of local support for EV use and the
capacity to accommodate an increasing number of EVs. The adequacy of charging infrastructure
significantly influences the consumer experience with EVs and the rate of EV adoption in a particular
area. Numerous studies have examined charging infrastructure (Qiu et al., 2019; Hardman et al., 2018;
Mersky et al., 2016) and highlight its crucial role in the transition towards a low-carbon transportation
sector (Chen et al., 2020).

The variable “Electric buses” reflect the proactivity of local authorities in promoting EVs. Since
private EV consumption is influenced by various factors, the share of electric buses in the public
transport sector primarily depends on the commitment of the local authorities, illustrating the ambition
of the respective government (Bakker & Trip, 2013). Moreover, public procurement can stimulate
market demand, generate demonstration effects, and mitigate the impact of limited information about
new technologies, in this case, EVs (Egnér & Trosvik, 2018).

We employ the fuzzy c-means clustering method (FCM) to conduct our analysis. This approach
allows for a more comprehensive assessment of the development level of EV sectors by integrating
multiple indicators and generating spatial patterns in the distribution of the EV sectors and identifies
their characteristics in different regions. Unlike hard-clustering techniques such as k-means clustering,
FCM does not assign observations to a single cluster alone. Instead, it provides degrees of membership
as an output, expressed in percentages, indicating the extent to which each observation belongs to each
cluster (for details, see Caloffi & Mariani, 2018; D’Urso et al., 2019). This feature is particularly
valuable for our case selection, as we believe that the most representative province of a cluster is the
one with the highest degree of membership to that specific cluster.

One of the crucial steps when conducting FCM is the choice of the number of clusters. In our study,
we utilised the Xie-Beni Cluster Validity Index, which is a commonly used approach among several
approaches (such as Partition Coefficient, Fukuyama-Sugeno Index, Partition Entropy) (Xie & Beni,
1991; Zhang et al., 2008). To set the upper bound of the optimal number of clusters for testing, we

calculated the square root of the theoretically maximal number of clusters (Yu & Cheng, 2001). Since

72



we are analysing 25 provinces (meaning that 25 is the maximal number of clusters), the square root and
the upper bound is five. Consequently, we tested models with two, three, four, and five clusters, and the
results indicate (see Appendix C.1) that four clusters represent the best fit for our dataset.

For the analysis, we employed the R software along with the 'e1071' package (R Core Team, 2020).
Prior to conducting the analysis, we scaled the data using min-max normalisation, in order to decrease
the influence of different ranges in the variables. The results of the clustering, as well as all other maps
presented in this study, were geographically visualised using ESRI’s ArcGIS 10.6.1 software (ESRI,
2018).

4.3.2 Comparative case study

We start the comparative case study by choosing one representative province from each cluster for
comparison. To accomplish this, we employed the degree of membership from the clustering results, as
described in detail in Appendix C.2, for case selection. By utilising the degree of membership, where a
higher value signifies a greater affiliation with a particular cluster, we identified one province with the
highest degree of membership from each cluster. Therefore, our analysis focuses on four provinces,
with each province serving as a representative of one cluster.

Our goal is to understand the reasons behind the differences observed among clusters of provinces,
and to achieve this, we turn to the existing literature. Previous studies have identified various factors
that influence the EV sector. Economic and socio-demographic factors, such as GDP per capita, income
per capita, degree of urbanisation, population density (Mersky et al., 2016; Egnér & Trosvik, 2018; Guo
etal., 2020), vehicle ownership (Westin et al., 2018), and other demographic factors (Simsekoglu, 2018;
Sovacool et al., 2018; Liu et al., 2020) have been frequently cited. Additionally, considering the
disruptive nature of EVs in the automotive industry (Wilson, 2018), they might have negative effect on
entrenched business models for conventional fossil fuel vehicles (Hardman et al., 2013). We therefore
also investigate the role of existing automotive industries in the development of EVs. However, we
acknowledge that this list of influencing factors is not exhaustive. Due to the methodology and data
employed in this study, certain demographic factors like age, social norms, or family size, which are
particularly important for the EV adoption rate from the consumers’ perspective (Simsekoglu, 2018;
Tomasi et al., 2021).

Furthermore, within the realm of policy studies, a significant body of literature underscores the
critical importance of policy mixes for the EV sector, not only in terms of EV adoption (Griffiths et al.,
2021; Lam & Mercure, 2021; Melton et al., 2020; Li et al., 2019; Jenn et al., 2018; Zhang et al., 2017),
but also in relation to the EV industry (Sun et al., 2019; Liu & Kokko, 2013; Yang et al., 2019), EV
patents (Naqvi et al., 2021; O'Sullivanet al., 2020; Shao et al., 2021), and charging infrastructure
construction (Baumgarte et al., 2021; Yang et al., 2018). We examine the details of policy instruments

in these cases separately, as we perceive them as external interference.
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4.4 The spatial patterns of the EV development in China

We start this section with a visual presentation of the spatial patterns of EV development in China,
based on the analysis of the five variables used in the clustering analysis. As we can see in Figure 4.3,
manufacturers in several adjacent coastal provinces in Eastern China, together with Beijing, Guangdong,
and Shaanxi, have made significant progress in restructuring their production around EVs. Moreover,
these provinces exhibit a greater share of patents related to EVs, indicating substantial investments in
research and development. In terms of EV sales, EVs are particularly popular in the major cities of such
as Beijing, Tianjin, and Shanghai, as well as Guangdong and Hainan Island. The maps also highlight
the distribution of charging infrastructure. Shanghai, Beijing and Hebei province are notable for their
well-established charging networks. Finally, regarding electric buses, there is some variation among
provinces. While the overall percentage of electric buses is rather small, certain provinces show a higher
deployment of electric buses. Interestingly, Beijing scores rather low on this variable, likely due to its
large existing bus fleet that requires gradual electrification.

We now turn to the results of the clustering analysis. Figure 4.4 shows four distinctive clusters of
provinces, which we have labelled as Retailers, Producers, Green transport, and Laggards. The Retailers
cluster consists of two major cities, Beijing and Shanghai, which are classified as provinces. This cluster
is characterised by above-average values for EV sales, charging infrastructure coverage, and EV patents
(see Table 4.2). The Producers cluster includes the coastal provinces of Guangdong, Fujian, and
Jiangsu, along with Anhui and Shaanxi. Provinces in this cluster have a high share of EVs in their
overall vehicle production and a significant share of electric buses in their total bus fleet. The cluster
Green transport is marked by its high proportion of electric buses in the total bus fleet but lower scores
for other indicators. This cluster encompasses the provinces such as Shanxi, Henan, Shandong, Jiangxi,
Hunan, and Hainan, along with the major city of Tianjin. Lastly, the cluster Laggards includes all the
remaining provinces and exhibits low values across all the variables, indicating an underdeveloped EV
sector, as can be seen in Table 4.2.

The clustering analysis reveals several geographical patterns of EV development in China. First,
coastal regions tend to outperform other areas in terms of production and sales, aligning with the overall
economic development at the provincial level. On the other hand, the northeast and southwest regions
of China predominantly consist of provinces classified under the Laggards cluster, indicating a
relatively low level of EV sector development in these regions. Moreover, the prominence of two major
cities, Beijing and Shanghai, which are also classified as provinces, suggests a divide between rural and
urban areas. This finding aligns with previous research on patterns of energy usage (See e.g. Balta-
Ozkan et al., 2015) and correlates with studies examining other aspects of energy transition in China
(Wang et al., 2020; Zou et al., 2017; Liu et al., 2020). The spatial patterns highlight the distinct
characteristics of EV sectors across provinces, underscoring the importance of understanding the
underlying factors contributing to this heterogeneity. Such insights can aid policymakers in designing

more effective policies and strategies.
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Figure 4.4. Geographical representation of the clusters.

Table 4.2. Summary of centroids.

EV EV Charging Electric EV patents

sales production infrastructure buses
Producers 0.19 0.83 0.40 0.62 0.41
Retailers 0.80 0.37 0.86 0.37 0.49
Green transport 0.19 0.25 0.12 0.72 0.13
Laggards 0.07 0.13 0.29 0.30 0.11
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4.5 Analysis of the influencing factors

In this section, we undertake two tasks. Firstly, following the methodology outlined in sub-section 3.2,
we select one province from each cluster to conduct a case study. Secondly, we analyse the underlying
factors that may explain the observed differences between provinces and clusters.

Based on our analysis, Anhui Province is chosen as the representative of the Producers cluster.
Anhui has established itself as one of the major EV production bases in China, accounting for 12% of
the country's total EV production (Economic and Information Department of Anhui, 2019). Shanghai
is selected to represent the Retailers cluster. Being one of the first batch of EV pilots, Shanghai has
consistently been at the forefront of EV industrial development and application. With approximately
one-tenth of the country’s EV ownership, Shanghai boasts the highest EV density in China (Liu & Rui,
2021). Jiangxi province is chosen as the representative of the Green transport cluster. It exhibits the
highest level of electric public transport and the average daily operating mileage of electric buses in the
capital city surpasses the national average (China Academy of Transportation Sciences, 2020). Lastly,
Jilin Province represents the cluster of Laggards, displaying low performance values across all
variables. Table 4.3 presents the indicators of development within in the EV sector for these four

provinces.

Table 4.3. An overview of five EV-related indicators across selected provinces.

EV sales EV production Charging Electric EV patents
(%) (%) infrastructure buses (%)
(%) (%)
Anhui 1.15 9.95 49.38 49.28 5.83
Shanghai 6.69 5.16 88.49 37.84 5.92
Jiangxi 1.15 3.4 18.07 60.43 3.05
Jilin 0.16 0.72 18.00 40.31 1.15

Data source: authors collected data from the Energy saving and new energy vehicle yearbooks, the websites of
traffic management bureaus, and provinces’ Yearbooks. Note: For descriptions of the variables please see Table
1.

The presence of distinct cases suggests that the development of the EV sector exhibits spatial
variation across different jurisdictions. Our analysis indicates that local factors heavily influence the
(uneven) development of the EV sector, with economic/socio-demographic factors and policy mixes
both playing significant roles. Drawing on the literature and considering the Chinese context, we present

a summary of the economic/socio-demographic factors in Table 4.4.
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Table 4.4. Economic and socio-demographic factors related to the EV sector in the four provinces.

Anhui Shanghai Jiangxi Jilin
GDP per capita (RMB™) 60762 159384 55060 45755
Income per capita (RMB) 23984 64183 29205 22798
The number of vehicles per capita 0.17 0.16 0.12 0.16
Vehicle production in 2018 911600 2453500 422800 2270200
Population density in urban areas (/km?) 2599 3823 4818 1831
Percentage of urbanisation 54.7% 88.1% 56.0% 57.5%
Percentage of secondary education 13.3% 33.9% 11.9% 16.7%
Gender ratio (male/100 female) 103.9 107.3 106.6 99.7

Data source: authors data collected from the provinces’ Yearbooks as well as the Energy saving and new energy

vehicle yearbooks, 2019.

We conducted a detailed analysis of the EV policy documents issued by the four selected provinces
between 2009 and 2018. The Shanghai government stands out with the highest number of policies, with
33 in total, while the Jilin government has issued the fewest policies, with only eight policy documents.

Jiangxi and Anhui have issued 11 policies each during the same period. Table 4.5 lists the main policy

instruments employed by the respective governments.

In the following subsections, we will delve into the four selected provinces and explain how

economic, socio-demographic factors, as well as policy mixes, contribute to explaining the variation

observed in their respective EV sectors.

* The Renminbi (RMB) is the official name of China’s currency.
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Table 4.5. EV policy instruments used by the four provinces.

Province Purchase Usage Production Infrastructure

Shanghai  Purchase subsidy. Parking fee discount. R&D tax reduction.  Construction subsidy.
Tax waiver. Vehicle and vessel tax R&D subsidy. Operation subsidy.
Timeshare lease waiver. Investment subsidy.  Charging subsidy.
subsidy. Exemption from traffic ~ Entry regulation. Infrastructure reward.
Group purchase restriction. Product standard. Information service
discount. EV bus operation Dual credit. platform.

Exemption from subsidy. Openness to foreign  Infrastructure regulation.
purchase restriction. Dedicated parking capital. Building infrastructure
Government space. targets.
procurement target. Dedicated licence plate. Infrastructure land use
priority.
Price regulation for
charging electricity.

Jilin Purchase subsidy. Vehicle and vessel tax R&D tax reduction.  Construction subsidy.
Tax waiver. waiver. R&D subsidy. Infrastructure regulation.
Government EV bus operation Entry regulation. Infrastructure land use
procurement target. subsidy. Product standard. priority.

Dedicated parking Dual credit.
space.
Dedicated licence plate.
Anhui Purchase subsidy. Parking fee discount. R&D tax reduction.  Operation subsidy.
Tax waiver. Vehicle and vessel tax R&D subsidy. Private charging subsidy.
Vehicle replacement waiver. Investment subsidy.  Information service
subsidy. Insurance cost subsidy.  Subsidised interest.  platform.
Group purchase EV bus operation New product Subsidised credit interest.
discount. subsidy. reward. Infrastructure regulation.
Government Dedicated lane. Entry regulation. Building infrastructure
procurement target. Dedicated parking Product standard. targets.
space. Dual credit.
Dedicated licence plate.  Open to foreign
capital.
Battery recycling
subsidy.

Jiangxi Purchase subsidy. Vehicle and vessel tax R&D tax reduction.  Construction subsidy.
Tax waiver. waiver. R&D subsidy. Operation subsidy.
Government EV bus operation New product Infrastructure regulation.
procurement target. subsidy. reward. Building infrastructure

Dedicated lane.
Dedicated parking
space.

Dedicated licence plate.

Entry regulation.
Product standard.
Dual credit.
Battery recycling
subsidy.

targets.

Price regulation for
charging electricity.
Infrastructure land use
priority.

Data source: Policy content analysis results, based on policy documents issued by the four provinces between

2009 and 2018.

4.5.1 Shanghai (Retailers)

Previous studies have shown that EV ownership is influenced by income levels, with wealthier
individuals being more likely to choose EVs (Hidrue et al., 2011) and own more EVs (Sovacool et al.,
2018). Thus, it is not a surprise that in China, where income disparities exist across regions, EV
ownership is concentrated in the more developed regions, with Shanghai being the focal point of EV

sales.
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Additionally, the high degree of urbanisation in Shanghai coincides with a higher rate of EV
adoption, as urban areas typically have a more concentrated market for vehicles (Sun & Yang, 2015).
Similarly, the high level of education in Shanghai may also contribute to its higher EV adoption rate
(Egnér & Trosvik, 2018; Westin et al., 2018). Well-educated individuals not only have higher earning
potential, enabling them to afford EVs, but they also tend to prioritise social responsibility and show
greater interest in purchasing environmentally friendly vehicles (Singh et al., 2020).

Interestingly, the case of Shanghai challenges the assumption that the number of vehicles per capita
is positively correlated with the EV adoption rate. This can be attributed to vehicle regulation
implemented by the Shanghai government. To control excessive vehicle growth, the government
restricts the total number of vehicles allowed in the city. Consequently, the number of vehicles per
capita in Shanghai does not accurately reflect the actual demand for vehicles.

The extensive coverage of charging infrastructure is a notable feature of Shanghai. We argue that
the strong local economy plays an important role in this aspect, as an active economy means larger
public budgets for the investments in public facilities (Peng, 2018). Since 2016, the Shanghai
government has provided a 30% construction subsidy, along with an operating subsidy, to incentivise
the construction of charging facilities, (Shanghai Municipal People's Government, 2016). Additionally,
each district in Shanghai offers supplementary subsidies for charging infrastructure construction. For
instance, in 2016, Minhang District increased the subsidy to 50% of the construction costs for
enterprises that build operational EV charging piles and are registered within the district (Minhang
District People's Government, 2016). As a result, Shanghai leads the country in the construction of
charging facilities. By the end of 2018, the city had achieved an EV vehicle-to-pile ratio of 1.13:1
(Municipal Commission of Economy and Information Technology, 2018), reflecting its effective
capacity to cope with and meet the rapidly growing demand for EV charging services.

Shanghai also leads in the number of EV-related patents. The strong local economy and higher
education levels greatly support the research and development (R&D) of EV technology. Not only do
local governments in these areas allocate more funding for technological development, but EV
technology alliances often involve universities, research institutes, and EV companies, working together
over a long period to invent patents and advance technology (Shi et al., 2019). As China’s educational
resources are concentrated in developed regions, it is within these areas that technological alliances are
more mature, and where EV patents and technological breakthroughs usually originate (Sun et al., 2018).
Moreover, a robust local economy and reputable engineering universities and research institutes attract
professional talents and start-ups, making Shanghai the largest R&D hub in the Yangtze River Delta
(Wei et al., 2012).

Regarding policy mixes, Shanghai has the largest and most comprehensive set of policies to support
EVs. While most policy measures are similar across regions, as they are designed by the central
government, Shanghai has implemented unique initiatives to address local needs, such as the provision

of free licence plates and market-opening policies. To control the total number of vehicles, Shanghai
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strictly limits the issuance of vehicle license plates each year, typically through auction. The conflict
between high demand and the low issuance of licence plates makes EVs an attractive alternative for
consumers, as they are exempt from city license plate restrictions (Ma et al., 2017). Additionally,
licences for traditional fuel vehicles are costly, making the policy of free license plates for EVs even
more appealing to potential consumers. This has created a strong market pull for EVs in Shanghai.
Unlike many other provinces that implement protectionist policies favouring their own brands by
restricting competition, Shanghai has adopted an open market approach and became the first city to
allow the entry of solely foreign-owned companies. Moreover, Shanghai not only encourage the entry
of local EV brands in the market but also supports the entry of all other brands by offering them the
same purchase subsidies as local brands. This market opening strategy has had a significant impact on
the EV market in Shanghai, leading to an increased number of EV brands establishing factories in the

city to be closer to the consumer market, and further boosting EV production.

4.5.2 Anhui (Producers)

Thanks to its already thriving automotive industry, Anhui province has emerged as one of the largest
EV production hubs in China (Zhao et al., 2011). This does not come as a surprise, and it confirms that
the EV industry can leverage the strength of an established traditional automotive sector (Borgstedt et
al., 2017; Proof & Kilian, 2012). EVs are often seen as an upgrade and breakthrough in the automotive
industry, providing established companies with a competitive advantage in new and emerging markets.
In terms of organizational structure, EV production sites tend to follow the spatial layout of the existing
automotive industry. For instance, Chery Automobile, one of the largest automotive companies in
China, has established its EV production base at its headquarters in Anhui Province.

Policy mixes focused on supporting the EV production can further enhance our understanding of
why Anhui province represents the cluster of Producers. According to the provincial government’s
industrial plans, the development of the EV sector has been identified as a crucial driver of economic
growth in Anhui Province (Zhao, 2017). The production activities are primarily concentrated in Hefei,
the capital of Anhui province, and Wuhu, to leverage the benefits of spatial agglomeration (Wang,
2022). The primary goals of government policies include nurturing influential vehicle enterprises,
fostering competitive component manufacturers, establishing strong brands, and building a world-class
EV industry cluster. To achieve these goals, the Anhui government provides substantial governmental
investment to attract new EV manufacturers — a strategy commonly known as “investment attraction”.
For example, in 2019, the government invested 7 billion RMB (0.8 billion GBP) of state-owned capital
in N1O (an EV manufacturer), which resulted in NIO settling in Hefei (Li, 2020).

In addition to production policies, Anhui Province has also provided strong policy support and
allocated dedicated funds for technological development (General Office of Anhui Provincial People's
Government, 2021). As a result, the province has become a hub for EV research centres and national

key laboratories (e.g., the research centre for energy-saving and environment-friendly vehicles),
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positioning it at the forefront of EV technology (Zhao, 2017). The significant number of EV patents in
Anhui can be partially attributed to its thriving EV production sector. In the process of searching for
EV patents data, we observed that EV patents in Anhui are concentrated in a few key EV enterprises,
such as Chery Automobile and Ankai Bus. EV patents have a strong connection to EV enterprises,
because technology improvement can improve the enterprises’ competitiveness in the EV market (Li et

al., 2019).

4.5.3 Jiangxi (Green transport)

The EV sector in Jiangxi Province is demonstrates mediocre performance in many aspects, except for
its notable achievement in the electrification of public transport. Despite the significant growth of
China’s automotive industry since 2002, Jiangxi province has experienced limited development, which
could be attributed to its weak automotive industry (Zhang & Wen, 2017). Furthermore, the EV market
in Jiangxi has been relatively slow to expand. One contributing factor is the presence of a subsidy policy
that exhibits strong local protectionism. Prior to 2017, the government only offered subsidies for EVs
produced by the local Jiangling Group, hindering the entry of other brands into the Jiangxi EV market.
For instance, EVs produced in other provinces often exceeds 200,000 RMB in price. With a central
government subsidy of 40,000 RMB, the cost to consumers would be 160,000 RMB. In contrast,
vehicles manufactured in Jiangxi receive not only the central government subsidy but also a provincial
subsidy, resulting in a significantly lower final price for consumers (under 100,000 RMB). This limited
market choice has posed challenges to the promotion of EVs in Jiangxi and has consequently hindered
market development.

However, in response to the central government’s mandate to promote EVs, the Jiangxi provincial
government has placed significant emphasis on electrifying the public transport sector and has set an
ambitious target of having electric buses account for over 75% of its bus fleet by 2020 (Jiangxi
Provincial Government, 2022). To achieve this goal, the government has implemented strict regulations
regarding the percentage of new bus purchases that must be electric, in addition to providing subsidies
for the purchase and operation of electric buses. Notably, Jiangxi province stands out as the only
province in the country to have established a comprehensive policy specifically promoting electric
buses. In fact, it has set even higher targets, aiming to reach 88% electric buses by 2020 and 92% by
2022 (Jiangxi Provincial Government, 2020). These ambitious targets explain the significant presence
of EV bus in Jiangxi province. Furthermore, Jiangxi Province boasts the highest population density in
urban areas among the provinces, coupled with the lowest number of vehicles per capita. This unique

combination provides greater opportunity for the development of electric public transport.

4.5.4 Jilin (Laggards)
Automotive industry plays a significant role in the provincial economies of north-eastern China,

particularly in Jilin, Heilongjiang, and Liaoning (He et al., 2018). Jilin Province places great strategic
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importance on its automotive industry, which contributes to over half of the province’s industrial profits
(Xu, 2021). However, it is surprising to observe that EV production in Jilin remains negligible, in
contrast to the situation in Anhui. This raises the question of how the established automotive industry
in Jilin impedes the local development of EVs.

One possible explanation lies in the unique industrial structure of Jilin Province, dominated by the
FAW Group and its subsidiaries, which form the main automotive industry system (Sheng & Mou,
2016). FAW primarily focuses on the production of conventional fossil fuel vehicles, as the EV market,
especially in the northeast, is still relatively small. Furthermore, there is no other automotive company
in Jilin that can rival FAW or possesses the resources to develop and produce EVs. This aligns with the
findings from Juan (Juan, 2011), who argues that certain companies exhibit low proactivity in
embracing new technology. With mature technology in traditional fuel vehicles and satisfactory
profitability, they are reluctant to allocate additional funds for the development of alternative products.
Consequently, despite the strong presence of Jilin’s automotive industry, the persistence of traditional
fuel vehicles continues to hinder the growth of the EV sector.

The underperformance of Jilin Province in terms of EV adoption and charging infrastructure can be
partially attributed to its weak economy, as indicated by its lowest GDP per capita and income among
the four case-study provinces. The high cost of EVs and the construction of charging facilities require
economic support, which Jilin lacks. However, we argue that the province's low performance can also
be attributed to its policy mixes. The Jilin provincial government has displayed a lack of proactivity in
promoting EVs, as evident from Table 5, which shows the province having the lowest number of policy
instruments. Unlike other provinces, Jilin lacks unique local policy tools and primarily aligns its EV
policy with content of the central government policies, merely meeting the minimum standards. For
instance, while Shanghai provides a higher EV purchase subsidy than the central government, Jilin has
maintained a low subsidy level, representing only 25% of the central subsidy in 2018.

We contend that excessive local economic protectionism contributes to this situation. Jilin
Province’s industrial layout revolves around FAW Group, and its economic development highly relies
on the output of the automotive industry. To safeguard the local economy, the government has long
pursued a policy of protecting and supporting the FAW Group. Being one of the country’s largest
manufacturers of traditional fuel vehicle, FAW’s product offerings are influenced by various factors,
such as the leaders’ attitude and changes in corporate earnings. Furthermore, the cold temperatures in
the northeast regions pose challenges for EV battery performance, resulting in a limited EV market in
these areas. Consequently, FAW has maintained its focus on the conventional car sector and made slow
progress in researching and developing EV products. The R&D and production policies for EVs have
had minimal impact on FAW’s industrial layout. Due to the small scale of both EV purchase and
production, the Jilin government also appears to lack enthusiasm for promoting EV usage and

infrastructure policies.
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4.6 Discussion

Our findings align with previous studies highlighting the significance of overall economic development
in facilitating successful energy transitions (Yu et al., 2019; Laurentis & Pearson, 2018). Specifically,
we observed that wealthier provinces in the coastal regions of Eastern China, with higher GDP per
capita, exhibited higher EV production and adoption rates, along with more developed EV infrastructure.
These provinces also demonstrated the presence of strong supportive policies for EV development.
Additionally, our results indicate a disparity between rural and urban areas, with urbanised provinces
generally outperforming rural regions across various aspects of EV development.

The role of local industry emerged as a crucial factor that warrants further attention from researchers.
Our findings suggest that a robust automotive sector, as seen in Anhui and Shanghai, can facilitate the
development of EVs. Conversely, the case of Jilin highlights how excessive protectionism by provincial
government, driven by a desire to preserve existing production, can hinder the uptake of new
technologies and the adoption of new business models. These insights provide opportunities for future
research on the effects of protectionism in energy transitions and the complex role of entrenched
traditional automotive industries in mobility transitions. Moreover, exploring the Chinese governance
system and investigating the strategies employed by provinces to safeguard their economic interests
would contribute valuable insights to the field. Understanding the dynamics of these strategies can shed
light on the interplay between regional economic considerations and the transition to sustainable energy
systems.

While our cases show that economic and socio-demographics factors affect the variation of EV
development across provinces, there are certain aspects where the influence mechanisms are not clearly
delineated. For example, although previous studies have shown the effect of population density on EV
market share (Li et al., 2020), our cases do not provide sufficient evidence to support this. We assume
that the population density act as a mediating factor, influencing EV market share through its interaction
with other factors, but this hypothesis requires further examination. Similarly, the expectation that
higher vehicle ownership per capita would correlate with higher rates of EV adoption is contradicted
by the case of Shanghai. Here, local regulations that control the total number of vehicles to curb its
excessive growth might explain the discrepancy between vehicle ownership per capita and actual
demand for vehicles.

Regarding the gender ratio, our findings corroborate earlier studies (Sovacool et al., 2018; Pl6tz et
al., 2014; He et al., 2018) indicating that a higher male-to-female ratio could coincide with a higher
adoption rate of EVs. Shanghai, with both the highest gender ratio and highest EV ownership,
exemplifies this trend, while Jilin Province exhibits the lowest figures for both indicators. We speculate
that this correlation could be attributed to cultural norms in China, where men are more likely to drive
and invest in vehicles. However, the limitations of our case studies warrant caution, and further

empirical evidence is needed to establish a robust relationship between gender and EV adoption. In fact,
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exploring potential differences in social norms among Chinese provinces could be a fruitful avenue for
future research to understand their influence on the EV sector.

Moreover, the importance of policy mixes emerges as a significant finding, which aligns with
previous studies (Langbroek et al., 2016; Xu & Su, 2016; Jiang et al., 2018). While the Chinese central
government sets the goals, formulates strategies, and issues guidelines, a substantial part of the
policymaking, especially implementation, is left to the sub-national levels (Zhang & Bai, 2017; Zhu &
Zhao, 2021). This has resulted in provincial EV policies aligning closely with the central government
in terms of their main content but showing variations in policy details and their implementation across
different provinces. Local policies play a key role in in addressing specific challenges and directing the
development of the local EV sector. Therefore, measures that are locally crafted to address unique needs,
such as exemptions from traffic restrictions in overpopulated Shanghai, seem to be particularly
important.

Lastly, our analysis highlights that the EV sector in China still seems to be highly policy-driven,
with strong governmental intervention and support. This raises an important question for future research:
how can the future development of EVs move beyond reliance on government policies? It is a common
concern not only for China, but also for other countries, as these long-standing financial incentives to
stimulate adoption have been the main drivers globally.

4.7 Conclusion

This paper sought to investigate how the energy transition in the mobility sector is being carried out on
the ground and explore the reasons behind the variations observed within a single country. To address
our research questions, we conducted a two-step analysis. Firstly, we conducted a cluster analysis using
five variables that we argue measure the overall development of the EV sector. To the best of our
knowledge, the existing literature lacks a comprehensive framework for measuring and assessing the
overall development of EVs, and our approach, specifically tailored for the Chinese context, can serve
as a valuable starting point for future studies focusing on different geographical areas. Secondly, we
analysed one representative province from each cluster, drawing on the literature. This approach
highlights the importance of contextualising energy transitions and the significance of pre-existing
socio-economic inequalities, which have the potential to support, hamper, or alter transition efforts.
Conversely, energy transitions can deepen and reinforce these inequalities, or induce new ones.

The results reveal an uneven development of the EV sector in China, creating transition frontrunners
and laggards. An important distinction runs along the old cleavages where more affluent coastal
provinces outperform the others. A more nuanced analysis of the case studies also identifies the
influence of economic and socio-demographic factors such as GDP, income, and education. In addition,
provincial governments in China also appear to be an important factor. Their impact is evident in the
formulation of EV promation policies, particularly when tailored to address specific local needs rather

than simply replicating generic measures from the central government. Furthermore, when there is a
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traditional automotive industry under a provincial governments’ jurisdiction, the provincial government
can play an ambivalent role. While some provinces may promote EVs to leverage technological
advancements and gain recognition from the central government, others may impede mobility
transitions through excessive protectionism if they perceive EVs as a threat to local industries.

It is important to acknowledge the limitations of this study. First and foremost, the study is focused
on China, which means that the generalisability of our findings is limited. Secondly, clustering analysis
provides a shapshot in time and may overlook temporal trends and dynamics, which are crucial for
understanding emerging technologies. Similarly, due to methodological constraints and data availability,
we were not able to examine all the factors that could potentially explain the differences between
provinces. Nevertheless, we strongly argue that the spatial perspective and research on unevenness in
energy transitions on the subnational level should find better traction in energy studies. We hope that

our paper, among others, has taken a step in this direction.
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5 How does local context matter? Assessing the heterogeneous impact of electric vehicle

incentive policies in China”

Abstract. This study comprehensively evaluates electric vehicle (EV) incentive policies in 80 Chinese
pilot cities from 2010 to 2022 using panel data analysis. Cities are stratified based on varying income
levels, traffic congestion, population density, and administrative hierarchy, enabling an in-depth
examination of the heterogeneous impacts of EV policies across diverse local contexts. Additionally,
the study employs the Difference-in-Differences (DID) estimation method to scrutinize the dynamic
effects of these policies over time, bolstering the credibility of the panel model results. Findings reveal
significant positive impacts of EV policies, including purchase subsidies, parking benefits, driving
privileges, and charging infrastructure, on EV market share. Regional heterogeneity is evident across
divergent local contexts. Financial incentives are more effective in low-income, low-traffic, low-density,
and capital cities, while driving privileges are significant in high-income, high-traffic, high-density
areas, reflecting local convenience considerations. Usage-phase policies increasingly drive EV adoption
over time, offering promise despite subsidy reductions. This study highlights the mismatch between EV
policies and local contexts in China. It further provides insights into using policy measures to promote

a just transition in the transportation sector.

5.1 Introduction

The adoption of electric vehicles (EVs) is pivotal for advancing the energy transition in the
transportation sector and reducing greenhouse gas emissions (Hu et al., 2013; Hao et al., 2017; Requia
et al., 2018). It also contributes to mitigating hazardous road traffic pollutants (Tessum et al., 2014;
Ferrero et al., 2016), thereby improving public health (Ji et al., 2015). As the world's largest emitter of
carbon emissions and plagued by persistent air pollution, China has set ambitious goals, including
achieving carbon neutrality by 2060, and has taken significant steps to combat pollution. The
electrification of the transportation sector an important breakthrough for Chinese government to achieve
those objectives (Du et al., 2019).

Driven by various policies since 2009, EVs (including battery electric vehicles and plug-in hybrid
vehicles) have witnessed substantial growth in China. According to official data released by the Chinese
government, EV sales surged from a modest 5,000 units in 2010 to a staggering 6.887 million units by
the year 2022.2 In 2022, China assumed a commanding position, accounting for more than 60% of the
global electric vehicle sales (IEA, 2023). However, it is crucial to recognize that EV adoption is far

from uniform across China's diverse regions (Yao et al., 2022). Remarkably, the concentration of EV

* Under review at Journal of Cleaner Production.
2 The production and sales of new energy vehicles in China have ranked first globally for eight consecutive
years (People’s Daily).
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sales was notably pronounced in eight cities that had implemented automobile purchase restrictions,
comprising 45% of the total in 2017, which later reduced to 38% by 2020 (Li et al., 2022). In stark
contrast, the fifth-tier cities, totaling 128 in number, witnessed a mere 2% share of the overall EV sales
(ao et al., 2022). Figure 5.1 portrays the landscape of EV ownership across 80 pilot cities involved in
EV promotion initiatives in China. The shading of the map corresponds to the level of EV ownership,
with darker hues indicating higher ownership rates. This visual representation underscores the glaring

disparities in EV distribution among these pilot cities.

New Delhi

nbai

Figure 5.1. EV ownership across cities in China in 2022.

Source: collecting from the local traffic management bureau in China.

This phenomenon can be attributed to a myriad of factors, encompassing economic development
levels, historical and cultural backgrounds, and demographic characteristics, all of which exert a
profound influence on the patterns of EV adoption (Westin et al., 2018; Simsekoglu, 2018; Guo et al.,
2020; Dall-Orsoletta et al., 2022). The role of policy support is equally significant (Egnér & Trosvik,
2018). Policies originating from the central government are customized by local governments, and the
degree of policy implementation can markedly differ among regions owing to their unique sets of
interest preferences (May & Winter, 2007). Furthermore, geographical factors have the propensity to
amplify the impact of EV policies in specific areas (Hardman, 2019; Qiu et al., 2019). For instance,
prior research has identified disparities in the effectiveness of EV policies across cities with differing

air quality, sizes or how densely populated (Yao et al., 2022; Egnér & Trosvik, 2018). These collective
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findings underscore the strong likelihood of the uneven distribution of EVs being intrinsically tied to
the misalignment between EV policies and diverse local contexts.

Nevertheless, in contrast to the extensive body of literature assessing the effectiveness of electric
vehicle policies, existing studies have not delved comprehensively into the subtleties of the local level
and the pivotal role of local context in shaping policy outcomes. The tendency to overlook regional
heterogeneity and its potential ramifications on policy results has contributed to the empirical findings
of previous studies often yielding inconsistent and contradictory results (Beresteanu & Li, 2011; Zhang
et al., 2013; Ma et al., 2017; Qiu et al., 2019; Yao et al., 2022). Given the conspicuous regional
disparities evident in EV adoption, there is a compelling rationale for probing into the heterogeneous
impact of policies on EV adoption within diverse regions of the same country. This avenue of research
holds significant promise in shedding light on the nuanced interplay between policy measures and local
dynamics.

Comprehending the diverse landscape of EV adoption across regions and reassessing the existing
policy frameworks are pivotal steps towards achieving a just energy transition. The stark imbalances in
EV adoption within China run contrary to the principles of a just transition, which aims to ensure that
safe, affordable, and sustainable energy is accessible to all individuals, regardless of their income,
wealth, gender, or ethnicity (Wang & Lo, 2021; Dall-Orsoletta et al., 2022). Ideally, well-designed
policies should be instrumental in rectifying these disparities; however, current local-level EV policies
often fall short of this objective. In certain instances, they may even exacerbate pre-existing societal
inequalities (Sovacool et al., 2019). For instance, studies have revealed that tax expenditures and other
financial incentives for EVs predominantly benefit higher-income groups (Guo & Kontou, 2021;
Borenstein, 2016). Paradoxically, while these policies contribute to greater inequalities, they do not
necessarily facilitate the continued growth of the EV market (Lee et al., 2019).

Against this backdrop, this study endeavors to reassess the efficacy of EV policies while shedding
light on potential disparities in the influence of those policies across distinct jurisdictional landscapes.
To achieve this goal, this study employs a panel data analysis approach to examine the EV incentive
policies enacted in 80 pilot cities across China, covering the period from 2010 to 2022. These cities are
stratified based on levels of income, traffic pressure, population density, and political hierarchy to
evaluate the varying impacts of EV policies within different local contexts. Furthermore, this study
harnesses the Difference-in-Differences (DID) estimation method to explore the evolving effects of
these policies over time, thus corroborating the findings derived from the panel model. Through this
multifaceted research approach, this study aims to provide a nuanced understanding of the intricate
interplay between local context and EV policy outcomes, ultimately contributing to more informed and
effective policymaking in the realm of EV promotion.

This study brings substantial contributions to two crucial domains. Firstly, it considers the diverse
impact of policies across regions characterized by varying attributes. This perspective is paramount as

overlooking regional policy disparities can result in pronounced inefficiencies. Secondly, it enriches
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our comprehension of the process of decarbonizing transportation across diverse contextual settings
while concurrently advancing the discourse on facilitating a just energy transition. In practical terms,
the findings of this study provide valuable insights for the development of effective and equitable
policies aimed at promoting EV adoption.

The subsequent sections of this paper are structured as follows: Section 2 furnishes the research
background and leads to the research questions under investigation. Section 3 delineates the dataset and
outlines the empirical strategy applied. Section 4 presents the results and analysis, supplemented by
robustness tests. Section 5 engages in an insightful discussion, and Section 6 offers the concluding

remarks.

5.2 Heterogeneous impact of EV policies on EV adoption

5.2.1 EV policies in supporting EV adoption and their impact

Scholars have shown considerable interest in assessing the effectiveness of EV policies across various
countries (Langbroek et al., 2016; Jenn et al., 2018; Miinzel et al., 2019; Wu et al., 2021). In China,
policies are widely recognized as a pivotal factor influencing EV adoption. Given that EVs represent a
technology niche, their innovation and market expansion rely heavily on a combination of diverse
policy instruments (Yin & Huang, 2023). When examining the demand side, previous research has
sought to evaluate the efficacy of various policy instruments, encompassing financial and regulatory
measures, as well as purchase and usage incentives (Zhang et al., 2017; Li et al., 2019; Liu et al., 2021).

However, it is worth noting that different studies have sometimes yielded conflicting findings
regarding the effectiveness of EV policies (Maet al., 2017; Qian et al., 2019), particularly in relation to
non-financial incentives (Hardman & Tal, 2016; Sheldon & DeShazo, 2017; Mersky et al., 2016). One
plausible explanation for these disparities is that many existing studies have tended to overlook the
heterogeneity of policy impacts, especially in a vast and diverse country like China, characterized by
substantial regional disparities in development. Failing to account for these regional nuances may result
in less robust and inconclusive outcomes.

From an evolutionary perspective, policy support has been a consistent thread throughout the entire
development of EVs in China. A pivotal moment for EVs in China occurred in 2009 with the launch of
the Ten Cities, Thousand Vehicles Demonstration and Deployment Program (Muniz et al., 2019).
Initially focusing on public transportation, the program gradually expanded to encompass the private
sector in 2011. Between 2013 and 2015, the EV promotion program extended to 88 pilot cities and
clusters, leading to the diffusion of EV policies across the entire nation and establishing them as a
nationwide initiative (Zhang & Qin, 2018).

The purchase subsidy has been recognized as the primary policy tool to incentivize electric vehicle
(EV) adoption, with numerous studies showecasing its positive impact in mitigating the price
disadvantages associated with EVs (Hao et al., 2014; Zhang et al., 2017; Sheldon & Dua, 2020). China

introduced a subsidy reduction policy to assist the emerging EV industry. The purchase subsidy
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decreased by 20% in 2016 and 50% in 2019 compared to the subsidies from the previous year and
finally terminated by the end of 2022. As the abolishment of purchase subsidy could lead to a decline
in EV sales, it is important to examine if other policies, especially the usage-based policies can make
up for the negative impact of purchase subsidy abolishment (Kong et al., 2020). Free parking is another
monetary policy at the use stage to raise the sales of EVs. It reduces the total cost of ownership therefore
enhances the utility of EVs, because parking fees in many urban areas can be a significant expense for
vehicle owners (Langbroek et al., 2016).

Regarding non-financial policies, two key usage-based policies influence EV adoption in China:
driving privileges (Liu et al., 2023) and charging infrastructure (Qiu et al., 2019). Driving privileges,
such as exemption from driving restrictions or access to bus lanes to avoid congestion, can enhance the
utility of EVs, thereby stimulating the demand from the consumer side. The implementation of driving
privilege policies in cities like Beijing and Shanghai significantly boosts the market share of EVs (Xiong
& Liu, 2022). Charging stations are essential components of the consumer environment for EVs that
can significantly enhance EV adoption intent by lowering range anxiety, lowering perceived mobility
restriction, and more positive pro-BEV subjective norms (Sierzchula et al., 2014; White et al., 2022).

RQ1: To what extent do EV policies influence the adoption of EVs?

RQ2: What is the impact of different types of policies on the adoption of EVs?

5.2.2. The heterogeneity of impact in different local contexts

There are two dimensions of heterogeneity in policy implementation: heterogeneity in the policies
themselves, including divergent instruments and the degree of implementation (Tosun & Leininger,
2017), and second, heterogeneity in policy effectiveness affected by other elements, especially local
characteristics (Bachtrogler et al., 2020). Previous studies have investigated how some local
characteristics can explain the differential impact of a policy (Cappelen et al., 2003; Gagliardi &
Percoco, 2017). Indeed, there have been studies focusing on the field of EV policies, examining how
factors such as population density (Egnér & Trosvik, 2018), travel patterns, and consumer preferences
(Hardman, 2019), as well as city size and local air quality (Yao et al., 2022), can influence the
effectiveness of policies. While some local features may reinforce the effect of EV policies in favour of
adoption, others may constrain such relationships. Given regional disparities in China and variations in
local conditions, how can policies be tailored to suit the characteristics of each region? This necessitates
an exploration of the regional heterogeneity in policy effectiveness.

Income levels. In China, there is noticeable regional disparity in EV distribution based on the income
levels of residents in different regions. Studies have revealed that lower-income groups often lag behind
their wealthier counterparts in technology adoption due to cost barriers (Hsu & Fingerman, 2021), and
financial support for technology adoption tends to primarily benefit high-income groups, exacerbating
social inequality (Guo & Kontou, 2021). Moreover, the reliance solely on financial policies is

unsustainable, as research has shown that the affordability of EVs is not limited to higher income levels
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anymore (Christidis & Focas, 2019), and high-income groups may not represent the largest group of
PEV adopters in the future (Lee et al., 2019). While individuals with higher consumption capacity may
exhibit greater affordability and a willingness to adopt environmentally friendly products (Hidrue et al.,
2011, Sovacool et al., 2019), they also have a lower marginal consumption tendency, making it
challenging to stimulate domestic demand by increasing their consumption levels. On the other hand,
affordable and innovative products are more likely to motivate low-income groups (Xiong et al., 2019).

Traffic pressure. Due to the significant number of vehicles on the road, several cities experience
exceptionally high traffic congestion. In response, certain local governments have implemented vehicle
license plate restrictions, wherein a limited number of license plates are issued annually through
methods such as lotteries and auctions (Li et al., 2019). This scarcity of license plates, coupled with
high demand, has driven consumers to consider electric vehicles (EVS) as a viable alternative, since
EVs are exempt from these city license plate restrictions. Currently, there are three provincial-level
municipalities, four cities, and one province in China that enforce such license plate restrictions (Zhang
et al., 2017). Research indicates that the substantial pent-up demand resulting from these restrictions is
a significant factor contributing to the high market share of EVs (Li et al., 2019; Zhuge & Shao, 2019).
Vehicle purchase restrictions suppress the demand for conventional fuel cars, consequently mitigating
the price disadvantage of EVs in the market and moderating other factors that influence EV sales (Ma
etal., 2017).

Population density. Population density is another factor that can significantly influence the
effectiveness of EV policies (Egnér & Trosvik, 2018). For instance, individuals residing in regions with
lower population density may need to commute longer distances, leading to concerns about range
anxiety and an increased demand for accessible charging infrastructure (Li et al., 2020). However, the
presence of range anxiety may diminish the effectiveness of purchase subsidy policies as incentives.
Areas with lower population density might not face the same parking and traffic control challenges,
potentially reducing the appeal of these policy measures for EV adoption. In contrast, regions with high
population density tend to exhibit the opposite trend, where residents may be more responsive to
policies that enhance convenience for EV usage.

Political hierarchy. The political hierarchy is a significant factor that has received limited attention
in terms of its impact on policy effectiveness. In China, resources such as funds, land, and policies are
allocated in a hierarchical manner, starting from the central government down to local governments and
from higher-level cities (including provincial capitals or municipalities directly under the central
government) to lower-level cities. This hierarchical allocation implies that higher-level cities enjoy
greater convenience in resource allocation (Jia et al., 2021). For instance, provincial capital cities
typically assume a leading role in local industrial planning and often serve as demonstration models.
Consequently, they are more likely to receive priority funding support, enabling them to advance ahead

of other cities (Gao et al., 2022). However, it's important to note that administrative allocation operates
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differently than market allocation and is less responsive to price signals and profit motives (Jiang et al.,
2018).

RQ3: Does the impact of EV policies differ across different local contexts, particularly concerning
income levels, traffic conditions, population density, and political hierarchy?

5.3 Data and Methodology

5.3.1 Variables

The dependent variable in this study is the EV market share of each city, considered a more reliable
indicator of EV preference than EV sales volume. The independent variables encompass various EV
policies, comprising two financial policies: total purchase subsidy and parking benefits (free parking),
along with two non-financial policies: driving privilege and charging infrastructure. Purchase subsidy
is treated as a humeric variable, calculated as the sum of national, provincial, and city-level subsidies.
Charging infrastructure is represented by the annual number of new charging stations constructed, also
measured as a numeric variable. The remaining policies are treated as binary variables, with a value of

“1” indicating implementation in a city and “0” signifying their absence.

Table 5.1. Description of variables and sources.

Type Variables Abbrev-  Definition Sources
iation
Dependent EV market EVMS EV market share of new registered vehicles per Using compulsory insurance coverage
variable share year. data from CBIC
Explanatory Total TPS The Sumption of central and local purchase Policy documents from the central,
variables purchase subsidies. provincial and city governments
subsidy
Parking PB Binary variable. If a city is implementing
benefits parking benefits for EVs, such as free parking or
discount.
Driving DP Binary variable. Exemption of EVs from traffic
privilege management measures such as license plate-
based and time-based restrictions on mobility.
Charging Cl The annual number of new charging stations The Yearbook of Energy
Infrastructure constructed. Conservation and New Energy

Vehicles (2011-2022); reports from
local transportation departments.

Control Per capita PCDI The per capita disposable income of urban Statistical Bulletin of National
variables disposable residents. Economic and Social Development

income (2011-2023) of each city; the

. . Statistical Yearbooks (2011-2023) of

Average AYE Average years of education per resident each city.

years of

education

Vehicle VO Private vehicle ownership

ownership

Urbanization UR Permanent resident urbanization rate

rate

! Due to variations in statistical methods in the statistical yearbooks of different cities, many cities do not
compute the per capita disposable income for all residents collectively; instead, they often report separate figures
for urban and rural residents for statistical purposes. Consequently, | have employed the per capita disposable
income of urban residents as a proxy variable in this analysis.
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Regarding the control variables, this study has included various socio-economic factors such as per
capita disposable income, average years of education?, civil vehicle ownership, and urbanization rate.
Detailed information about these variables and their respective sources can be found in Table 5.1.

To examine the impact of EV policies across different income levels, the 80 cities were categorized
into two groups (high/low) based on the 2022 national average per capita disposable income.
Concerning the traffic pressure levels within cities, they were divided into two groups (high/low)
depending on whether the city had implemented purchase restrictions on conventional fuel vehicles. To
explore the impact of EV policies in different political hierarchy groups, the cities were split into two
groups: cities serving as provincial capitals or municipalities directly under the central government were
classified as having a high political hierarchy, while all other cities were considered to have a low
political hierarchy. Regarding population density, following the approach of He et al. (2022), the city
of Yangzhou in 2022 was used as the dividing point. Consequently, the 80 cities were divided into two

groups (high/low) based on population density.

5.3.2 Data source and description

The data on EV market share was collected based on the annual amount of compulsory insurance
coverage for vehicles reported by the China Banking and Insurance Regulatory Commission (CBIRC).
Information regarding purchase subsidies was compiled by aggregating national, provincial, and city-
level subsidies, sourced from government documents such as the "Notice on Improving the Financial
Subsidy Policy for Promoting the Application of New Energy Vehicles." Similarly, details on other
incentive policies were verified by reviewing relevant documents available on the government portal
websites of each city. Examples of these policies include the "Various Measures for Promoting Electric
Vehicles," "Policies on Motor Vehicle Parking Service Charges," and "Notices Regarding Exemption
of New Energy Vehicles from Traffic Restrictions on Mobility." Data concerning charging stations in
each city were extracted from the "Yearbook of Energy Conservation and New Energy Vehicles" (2011-
2022) and reports from local transportation departments. Per capita disposable income, civil vehicle
ownership, average years of education, and urbanization rate data were sourced from the "Statistical
Bulletin of National Economic and Social Development” (2011-2023) and the "Statistical Yearbook"
of each city (2011-2023).Due to significant data gaps in several cities that were excluded from the
sample, this dataset included data from 80 EV demonstration pilot cities, encompassing a wide
geographic range across 29 provinces (out of 31) in mainland China (elaborated in Appendix D.1). Data
collection spanned from the year 2010, marking the initiation of EV promotion policies in China, to
2022, which was the most recent year for which data had been published and also the final year of

purchase subsidies.

! The average years of education per capita, as calculated by the author using data from official statistical
yearbooks, is derived using the following formula: Average Years of Education = (Number of Primary School
Graduates x 6 + Number of Junior High School Graduates x 9 + Number of High School Graduates x 12 +
Number of College Graduates and above x 16) / Total Population aged 6 and above.
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Table 5.2 offers the descriptive statistics of the variables, while Appendix D.2 provides
comprehensive details of the dependent and independent variables across the pilot cities.

Table 5.2. Descriptive Statistics.

Variable Obs Mean Std. Dev. Min Max
EVMS 1040 0.055 0.091 0 0.505
TPB 1040 44847.902 25893.157 5432 120000
PB 1040 0.354 0.478 0 1
DP 1040 0.15 0.357 0 1
Ci 1040 2352.437 8558.67 0 144000
PCDI 1040 36970.079 13920.376 13740 84034
AYE 1040 5.823 2.19 0.927 13.341
VO 1040 1195456.3 1020853.3 38124 8202100
UR 1040 66.206 14.831 26.18 100

5.3.3 Empirical strategy

The panel data model has gained widespread acceptance for analyzing policy effects due to its
ability to provide more accurate predictions of individual effects by utilizing a larger number of degrees
of freedom and sample variability (Qiu et al., 2019). Equation (1) below presents the static panel data

model used for assessing the impact of EV policies on EV market share.

EVMSit = a+BXit +pCit +pi +yt +&it Eq. (1)

i and t represent the i-th city and the t-th year, respectively. Therefore, EVMS;; represents the EV
market share in the t-th year in the i-th city. a is the intercept; X and C represent the independent
variables and control variables, respectively; B denotes the regression coefficient of independent
variables; p is the regression coefficient of control variables; p; and y: represent the individual effect
and time effect, respectively; and € denotes a random disturbance error.

Incorporate the variables from this study into the model and take the logarithm of variables with

high standard deviation. The specific panel data model is given in this paper as follows:

EVMS;i = o + B1InTPSi + B2PBit + BsDPit + BaInClit + p1InPCDIit + p2AYEit + psInVOit + psURit + pi
+ 7t + &t Ea. (2)
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5.4 Results

The estimation process was conducted in two steps. Initially, | estimated the effects across all regions
to address RQ1 and RQ2. Subsequently, to address RQ3, I conducted estimations for different regions
based on the scenarios outlined in section 2.2.

5.4.1 The impact of EV policies on EV adoption

The results of the Hausman test suggest that applying a fixed effects model is appropriate for this study.
Table 5.3 presents the outcomes of the static panel data model. Models (1) and (2) are employed to
investigate RQ1. Model (1) includes only the main explanatory variables, while Model (2), based on
Eq. (2), incorporates the control variables.

When focusing on the impact of the independent variables, the results reveal that all of them have
positive and statistically significant effects on EV market share. The statistical significance is
particularly high for total purchase subsidy, parking benefits, and driving privilege. It is lower for
charging infrastructure but still a one percent level. Importantly, the magnitudes of the coefficients
remain consistent across the different models. These findings align with prior research that underscores
the pivotal role of EV policies in promoting EV adoption (Xiong et al., 2019; Li et al., 2019; Ma et al.,
2017).

Models (3) and (4) are employed to assess the impact of different types of policies. Total purchase
subsidy and parking benefits represent financial instruments, while driving privilege and charging
infrastructure are non-financial instruments. Additionally, purchase subsidy primarily targets the
purchase stage of EVs, whereas the other three instruments benefit the usage stage. In comparing the
coefficients, it can be observed that the coefficient value of total purchase subsidy is larger than that of
charging infrastructure, indicating that the effect of total purchase subsidy is relatively stronger. On the
other hand, driving privilege outperforms parking benefits. Consequently, there is no significant
evidence to determine which type or stage of policy is more effective.

Regarding the control variables, per capita disposable income does not have a significant impact on
EV market share, while an increase in the average years of education has a significantly positive effect.
However, mixed results of these two variables also exist in previous studies (Egnéra & Trosvikb, 2018;
Li et al., 2019), which further indicates the necessity of heterogeneity analysis. Both vehicle ownership
and urbanization rate exhibit significant negative impacts on EV market share. One possible explanation
is that these two variables lead to a greater number of conventional fuel vehicles, which can negatively
influence EV adoption. In regions with a high prevalence of traditional vehicles, individuals may be

more inclined to follow the trend.
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Table 5.3. Empirical results with full sample: the impact of EV policies.

Variable Model (1) Model (2) Model (3) Model (4)
InTPB 0.049 0.054 0.056"
(0.014) (0.012) (0.012)
PB 0.013 0.013 0.015
(0.004) (0.003) (0.003)
DP 0.028" 0.019 0.019
(0.006) (0.005) (0.005)
InCl 0.008" 0.005* 0.007
(0.002) (0.002) (0.002)
InPCDI 0.018 -0.003 0.032
(0.047) (0.048) (0.048)
AYE 0.007 0.008" 0.007
(0.002) (0.002) (0.002)
InvVO -0.074 -0.078™ -0.073
(0.013) (0.013) (0.014)
UR -0.004 -0.004 -0.004
(0.000) (0.000) (0.000)
_cons -0.189" 0.393 0.524 0.569
(0.061) (0.228) (0.229) (0.222)
Time effect Yes Yes Yes Yes
Individual Yes Yes Yes Yes
effect
Individuals 80 80 80 80
Observations 1039 1039 1039 1039
Adj R- 0.8730 0.8939 0.8916 0.8899
squared

Note: Standard errors appear in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05.

EVMS: EV market share; TPS: Total purchase subsidy; PB: Parking benefits; DP: Driving privilege; Cl: Charging
Infrastructure; PCDI: Per capita disposable income; AYE: Average years of education; VO: Vehicle ownership;
UR: Urbanization rate.

5.4.2 Heterogeneity of policy impact
I categorized the 80 cities into different groups based on regional characteristics including income levels,
traffic pressure, population density, and political hierarchy, as explained in detail in section 3.1. The

empirical findings are displayed in Table 5.4.
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Table 5.4. Empirical results of EV policy impact in different groups.

Variable Model (5) Model (6)  Model (7)  Model (8) Model (9) Model (10) Model (11) Model (12)
Scenario High Low High traffic Low High Low Capital Non-
income income pressure traffic ~ population  population city capital city
pressure density density
InTPB 0.026 0.090" 0.014 0.059- 0.023 0.08~ 0.076 0.057
(0.015) (0.018) (0.033) (0.012) (0.015) (0.017) (0.023) (0.014)
PB 0.002 0.021~ 0.012 0.016- 0.012+ 0.017 0.005 0.018
(0.004) (0.005) (0.011) (0.003) (0.004) (0.004) (0.006) (0.004)
DP 0.038 -0.008 0.048- -0.008 0.028 -0.032" 0.018+ 0.092~
(0.006) (0.008) (0.01) (0.007) (0.005) (0.013) (0.007) (0.018)
InCl 0.002 0.010 -0.005 0.011- 0.0003 0.013 -0.000 0.011~
(0.002) (0.003) (0.005) (0.002) (0.002) (0.002) (0.003) (0.002)
InPCDI 0.287 -0.222" -0.042 -0.054 0.219 -0.155" 0.238" -0.087
(0.066) (0.062) (0.176) (0.044) (0.64) (0.059) (0.079) (0.060)
AYE 0.002 0.005 -0.003 0.004 0.002 0.006° 0.008" 0.006°
(0.003) (0.003) (0.006) (0.002) (0.003) (0.003) (0.003) (0.003)
InVO -0.113~ 0.009 -0.079 -0.011 -0.134~ 0.002 -0.093 -0.039"
(0.018) (0.018) (0.049) (0.013) (0.021) (0.016) (0.026) (0.015)
UR -0.006 -0.002" -0.009~ -0.002" -0.005 -0.002~ -0.006 -0.003
(0.001) (0.001) (0.001) (0.0004) (0.0006) (0.001) (0.001) (0.001)
_cons -0.290 0.639° -0.149 0.169 0.150 0.397 -0.447 0.523
(0.323) (0.290) (0.879) (0.208) (0.322) (0.279) (0.408) (0.280)
Time effect Yes Yes Yes Yes Yes Yes Yes Yes
Individual Yes Yes Yes Yes Yes Yes Yes Yes
effect
Individuals 38 42 9 71 36 44 28 52
Observations 494 545 117 922 470 569 364 675
Adj R- 0.9364 0.8676 0.9501 0.9025 0.9412 0.8738 0.8979 0.9029
squared

Note: Standard errors appear in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05.

Looking at income levels, | observe that total purchase subsidy, parking benefits, and charging

infrastructure have a significant positive impact on cities with lower income levels, whereas driving

privileges show effectiveness in cities with higher income levels. This pattern is logical when

considering that EVs typically have a pricing disadvantage compared to traditional gasoline-powered

vehicles. Financial subsidies can effectively mitigate this disadvantage. Individuals with lower incomes

are typically more responsive to financial policies and are likely to be incentivized by price reductions.

Conversely, for high-income groups, the convenience of using EVs can boost their willingness to make

a purchase.

When looking at traffic pressure, the driving privilege policy has a significantly positive effect in

cities with high traffic pressure, while the other policies show effectiveness in cities with lower traffic

pressure. This pattern makes sense because in cities with high traffic congestion, EVs can benefit more
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from their usage advantage. For instance, EV's may enjoy exemptions from driving restrictions, making
them more efficient and appealing to consumers, ultimately increasing their market share. Conversely,
in cities with lower traffic congestion, the driving privilege policy may not be as attractive, but other
policies such as purchase subsidies and charging infrastructure can still play a significant role in
promoting EV adoption.

When considering population density, policy impacts also vary. In densely populated areas, driving
privileges significantly boost EV market share due to common road congestion issues. For example,
the ability to use bus lanes to avoid traffic, enhance the efficiency of EV use, leading to greater EV
adoption. Conversely, in sparsely populated areas, which are typically rural regions, financial policies
have a more pronounced positive impact on EV adoption. Additionally, in low-density population areas,
people often need to travel longer distances. Therefore, the accessibility and availability of charging
facilities play a significant role in influencing the attractiveness and utility of EVs, which affects EV
adoption rates.

From the political hierarchy perspective, both total purchase subsidy and driving privilege have a
significant impact in both capital and non-capital cities. However, when tested with Fisher's
Permutation test, the p-value for total purchase subsidy is 0.04, indicating a significant difference
between the impact of total purchase subsidy in capital and non-capital cities, with a larger impact in
capital cities. On the other hand, parking benefits and charging infrastructure only show a significant
impact in non-capital cities. Interestingly, EV policies tend to perform better in cities with lower

political hierarchy.

5.4.3 Robustness checks
I employed a DID regression analysis following the structure outlined in Eq. (3) to assess the robustness
of the results presented in Section 4.1. Additionally, while panel data models provide insights into the
effects of policies over a substantial period, the DID method allows for an investigation of dynamic
changes in policy effects over time.

EVMSii= a+ B * Treatedi+ pY Controlsit + Wi + Yt + &it Eqg. (3)

This study employed a time-varying DID model to account for the varying implementation times
of policies in different cities. the dependent variable is the EV market share, while the independent
variables include purchase subsidy, parking benefits, driving privileges, and charging infrastructure.
These policy variables are represented as binary variables, with a value of "0" before policy
implementation and "1" after implementation. The definitions of driving privilege (DP) and parking
benefit (PB) can be found in Table 5.1. As for total purchase subsidy and charging infrastructure, which
are numeric variables, proxy variables were created for the DID method. Local purchase subsidy (LPS)
was introduced as a proxy variable for the purchase subsidy. It takes a value of "1" if a city offers a
municipal subsidy in addition to the central purchase subsidy, and "0" otherwise. Following the

approach outlined in the study by Xiong and Liu (2022), the per capita charging infrastructure (PPCI)
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from 2016 (with a baseline value of f=0.009533) was used. Cities with a per capita charging station
value below this baseline were assigned "0". while those above it were assigned "1". Additionally,
control variables such as per capita disposable income, average years of education, civil vehicle
ownership, and urbanization rate were included in the analysis to account for potential confounding
factors.

Table 5.5 presents the empirical results of the analysis. To assess the validity of the DID approach,
common trends tests were conducted and the results are displayed in Figure 5.2. It's worth noting that
the local purchase subsidy (LPS) did not pass the common trends test and is therefore not included in
the results.

The analysis revealed that parking benefits, driving privileges, and charging infrastructure all have
a significant positive impact on EV market share. This outcome aligns with the findings presented in
Section 4.1, which were derived from panel models. Furthermore, the results suggest that the effects of
these three policies are on an upward trend, indicating that their influence on the EV market share is
increasing over time. This suggests that consumers are placing a growing value on the convenience
offered by EVs.

Table 5.5. Results of DID estimation.

Variable Model (13) Model (14) Model (15)
PB 0.016*
(0.003)
DP 0.02*
(0.006)
PPCI 0.03
(0.004)
InPCDI -0.015 0.015 0.008
(0.048) (0.048) (0.047)
AYE 0.008" 0.007* 0.008"
(0.002) (0.002) (0.002)
InVO -0.076™ -0.073 -0.071
(0.014) (0.014) (0.013)
UR -0.004* -0.004+ -0.003*
(0.000) (0.000) (0.000)
_cons 0.818 0.665" 0.611~
(0.222) (0.222) (0.216)
Time effect Yes Yes Yes
Individual Yes Yes Yes
effect
Individuals 80 80 80
Observations 1039 1039 1039
Adj R- 0.8894 0.8883 0.8944
squared
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Note: Standard errors appear in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05.
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Figure 5.2. The results of the common trends test.

Because the result of local purchase subsidy did not pass the common trends test, to further validate
the results and ensure their robustness, several additional robustness checks were conducted. These
checks included: The method includes (1) Changing the estimation method to assess the impact of local
purchase subsidy (model 16); (2) Changing the research period to 2015-2022 (model 17); (3) Using a
one-period lag of EV market share as an independent variable (model 18); (4) Using "EV ownership
per hundred people™ as the dependent variable (model 19). The results of these additional analyses are
presented in Table 5.6. These regressions consistently align with the findings in Section 4.1, reinforcing
the robustness of the results and providing further confidence in the validity of the conclusions drawn

in the main analysis.
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Table 5.6. Robustness check.

Variable Model (16) Model (17) Model (18) Model (19)
EVMS EVMS EVMS Ownership
L.EVMS 0.896™"
(0.026)
LPS 0.012*"
(0.003)
INTPB 0.087" 0.027 0.606™"
(0.016) (0.008) (0.135)
PB 0.014™ 0.013™ 0.006™ 0.096™
(0.003) (0.005) (0.002) (0.036)
DP 0.019*** 0.030™ 0.009™ 0.197™
(0.005) (0.014) (0.004) (0.059)
InClI 0.006™ 0.010™ 0.003™ 0.020
(0.002) (0.003) (0.001) (0.020)
InPCDI 0.012 0.102 0.008 0.939"
(0.048) (0.137) (0.034) (0.519)
AYE 0.007™ 0.008™ 0.000 0.091™"
(0.002) (0.003) (0.002) (0.024)
InvVO -0.073* -0.142™ -0.024™ -0.743™
(0.013) (0.035) (0.010) (0.145)
UR -0.004™* -0.407" -0.001™ -0.056™"
(0.000) (0.075) (0.000) (0.004)
_cons 0.663™ 0.290 0.081 0.884
(0.220) (0.662) (0.166) (2.493)
Time effect Yes Yes Yes Yes
Individual Yes Yes Yes Yes
effect
Individuals 80 80 80 80
Observations 1039 639 959 1039
Adj R-squared 0.8933 0.9014 0.9559 0.7388

Note: Standard errors appear in parentheses. *** p < 0.001, ** p < 0.01, * p < 0.05.

5.5 Discussion

The results of this study underscore a significant policy mismatch within China's EV landscape. Notably,
data in this study shows that cities in the high-income category tend to offer more generous purchase
subsidies for EVs, averaging 1038 RMB more per electric vehicle. This aligns with previous research,
which found that high-income cities like Shanghai, Beijing, Shenzhen, and Hangzhou provide greater
financial incentives compared to others (Zhang et al., 2017). However, the Fisher's Permutation test
results indicate a substantial difference in the impact of total purchase subsidies between high-income

and low-income cities, with a 1% significance level. Surprisingly, total purchase subsidies are more
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effective in stimulating EV adoption in low-income cities. Such policy mismatches can undermine the
efficacy of fiscal policies and lead to fiscal losses. Additionally, the nationwide withdrawal of purchase
subsidy policies in 2022 is likely to have a more pronounced impact on the EV market share in low-
income cities. Policy mismatch issues also manifest among cities with varying levels of traffic pressure.

Another notable observation pertains to the impact of policy implementation during the usage phase,
specifically regarding the construction of new charging stations. This study finds that the number of
newly constructed charging stations has a more significant influence on EV adoption in areas with low
population density, while its impact lacks statistical significance in high-density population areas. Data
indicates that the majority of public charging stations are concentrated in economically developed
coastal cities (71.4%), and there are substantial urban-rural disparities (China EV Charging
Infrastructure Promotion Alliance, 2023). Suburban areas with low population density typically have
fewer charging stations. Consequently, the addition of charging stations can significantly improve the
convenience of EV use in suburban regions, thereby boosting the EV market share in those areas. This
situation highlights a policy challenge: existing policies have not effectively addressed the urban-rural
gap in charging station distribution and may inadvertently exacerbate this disparity by subsidizing the
construction and operation of charging stations primarily in economically developed urban centers.

It is worth noting that, intriguingly, all policies except for purchase subsidies demonstrate a more
significant impact in non-provincial capital cities. In China, provincial capital cities hold higher
administrative status compared to other cities and often serve as gateways to their respective provinces.
They typically play a demonstrative and leading role in local industrial planning, enjoying priority
access to central and provincial funding and receiving preferential policy support from provincial
government (Jiang et al., 2018). This special status has historically led to differential development
compared to other cities. However, the results in this study challenge this conventional wisdom by
suggesting that policies have greater potential in non-provincial capital cities. This finding implies that
the existing policy focus on provincial capitals may not be the most effective approach to sustainably
drive EV adoption. Instead, policies may need to be more inclusive and targeted towards a wider range
of cities to achieve more equitable and efficient outcomes in promoting EVs.

This study underscores the importance of recognizing that one-size-fits-all policy approaches are
inadequate for addressing the diverse contexts within a country, emphasizing that overlooking local
characteristics can undermine the effectiveness of policies. This finding aligns with prior research (Yao
et al., 2022). When viewed through the lens of a just transition, existing policies have exacerbated the
disparity in EV distribution, further marginalizing low-income groups and rural residents during the
transition process. Over the 13 years of purchase subsidy implementation, these subsidies have
predominantly benefited high-income cities and affluent individuals (e.g., Guo & Kontou, 2021;
Borenstein, 2016). To achieve a more equitable and effective transition, it is crucial to implement
differentiated policies. These might include redirecting subsidies towards lower-income individuals,

and shifting policy emphasis towards the usage phase in densely populated and congested urban areas.

112



Such targeted policies can help strike a balance between policy effectiveness and equity, fostering a
more just transition to EVs.

The results of the DID estimation reveal a notable upward trend in the effectiveness of usage-phase
policies, which is a positive development, particularly in light of the discontinuation of purchase
subsidies. This trend suggests that usage-based policies can continue to drive EV adoption effectively,
offering a viable alternative to traditional purchase subsidies. Purchase subsidy policies have
historically been the primary drivers of EV adoption in many countries, including China, as evidenced
by numerous prior studies (Diamond, 2009; Aasness & Odeck, 2015; Zhang & Qin, 2018; Zhang & Bai,
2017). However, as the EV market matures, consumer preferences are evolving. Consumers are no
longer solely focused on incentives related to the initial purchase but are increasingly considering the
convenience and benefits they can derive during the usage phase. This finding holds significant
implications for policymakers, highlighting the importance of adapting policies to reflect the dynamic
nature of the market. Policymakers should invest in the development and enhancement of policies
targeting the usage phase to facilitate the continued growth of the EV market. Customizing policies to
specific regions entails not only recognizing regional disparities but also aligning with the changing

demands and preferences of consumers in the market.

5.6 Conclusion

This paper employs a panel data analysis method to comprehensively examine the EV incentive policies
implemented in 80 pilot cities in China spanning from 2010 to 2022. These cities are categorized based
on income levels, traffic pressure, population density, and political hierarchy. Subsequently, an analysis
is conducted to assess the diverse impacts of EV policies in varying local contexts. Furthermore, this
study utilizes the DID estimation method to investigate the dynamic effects of policies over time and to
validate the results obtained from the panel model.

The findings of this study indicate that EV policies in China, encompassing purchase subsidies,
parking benefits, driving privileges, and charging infrastructure, generally have a significant positive
impact on EV market share. However, this impact varies across different local contexts, reflecting
regional heterogeneity. Financial policies are more effective in cities with lower income levels, lower
traffic congestion, lower population density, and in provincial capital cities. This aligns with prior
research (Xiong et al., 2019). Conversely, driving privileges are more effective in cities with higher
income levels, higher traffic congestion, and higher population density. The study also reveals that the
effectiveness of usage-phase policies is steadily increasing, suggesting their potential to drive EV
adoption even in the absence of purchase subsidies.

The observed regional heterogeneity in the impacts of EV policies suggests that the one-size-fits-
all approach commonly employed in China may result in reduced policy effectiveness. Moreover, this
uniform policy approach could exacerbate the existing disparities in EV distribution and disadvantage

certain groups, such as low-income individuals and rural residents. Such policies may run counter to
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the principles of a "just transition™ in the context of energy transformation. Consequently, this study not
only addresses the gaps in existing research related to regional variations in policy effects but also offers
insights into how customized policies can optimize their effectiveness and promote just transition in the
automotive sector.

Nonetheless, it's important to acknowledge the limitations of this study. Firstly, it focused
exclusively on Chinese EV promotion demonstration cities as its sample, which, while representing a
significant portion of China's EV market, might not fully capture the diversity in policy effectiveness
across the entire country. Future research could explore the heterogeneity in policies and their impacts
in other cities beyond the demonstration ones, which would provide a more comprehensive
understanding of the EV policy landscape in China. Furthermore, the generalizability of the study's
results beyond the Chinese context may be limited. Comparative analyses of EV policies and their
regional heterogeneity in different countries with distinct environmental conditions, political systems,
policy backgrounds, and cultural characteristics could yield valuable insights for a broader

understanding of policy effectiveness in the EV sector.
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Supplementary materials

Appendix A to The policy mix of green finance in China: An evolutionary and multilevel
perspective

Table A.1 Coding framework

Primary | Secondary code

code

Basics Policy document title:
Scale: National level — N; Provincial level - P

Policy document No.:

Temporal | 1) The policy document was effective from dd/mm/yyyy

aspects 2) The policy document was terminated/amended on dd/mm/yyyy

Actors The government authority (or authorities) issuing the policy document is
involved Authority Label Chinese name
State Council sC E%Hbe
Former China Banking \w
. [[ag=aN 2
Regulatory Commission CBRC PERES(EHH)
China Banking and Insurance N
ES <
Regulatory Commission CBIRC PERRES
China Insurance Regulatory Ve A 455 £
Commission CIRC P ERE=(BHEH)
China Securities Regulatory Tl A
Commission CSRC PEIEES
Former State Environmental
5 P xr é = Zh BN
Protection Administration SEPA ERIBRFRBEHE)
Former Ministry of - = "y
Environmental Protection MOEP WIREFE(CHH)
Ministry of Ecology and ST da 2
Environment MOEE ESHIEE
China Banking Association CBA PERT IS
Standardization Administration g
x| VAN
of China SAOC ExRIrER
National Development and R N
Reform Commission NDRC ERARAREZRR
General folce of the Chinese GOCCP thtch AT
Communist Party
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State Council SC E 55 B

People's Bank of China PBOC PEARRT
Agricultural Bank of China ABC P ER I ERTT

Ministry of Finance MOF H & A BUER

National Energy Administration | NEA KRS

Ministry of Commerce MOC EEE

Shenzhen Stock Exchange SZSE R

Shanghai Stock Exchange SHSE EXFR

State Taxation Administration STA ERFEEB
Ministry of Industry and MOl o T b FOfE B4k 8
Information

Ministry of Science and MOST RS A AR

Technology

Former Ministry of Agriculture | MOA A ER (S HIEH)

Ministry of Natural Resources MONR B R RIEED

Ministry of Foreign Affairs MOFA SMZEB

State Administration of Foreign SAOFE SN EER
Exchange

Asset_Management Association CAMA EFAEARS UIHS
of China

China Green Finance Committee | CGFC TEZESMETLVERS
All-China Federation of Industry CFIC SETHIVELS

and Commerce

(Provincial) People’s PG (&) ARKRF
Government

(Provincial) Committees of the TN

Chinese Communist Party coccep TIREE

Fgrmer_ (Provincial) Bureau of BOEW (&) 28 THE
Financial Work

(P_rOVIrTCIal) Administration of AOFR (8) SRKEEBER
Financial Regulatory

Former (Provincial) office of

China Banking Regulatory (P)CBRC (&) RER (E#HHE)
Commission

Former (Provincial) Bureau of (P) BOEP (8) T (D)

Environmental Protection

120




(Provincial) Bureau of Finance | BOF (B) MBS
Zc;rr:i?]ris(tFr’;)i\(/)i:cial) Taxation TA 758 5 2 (2 451Y)
Policy A) Environmental protection and energy conservation
objective | B) Reducing CO2 emission (or GHG)
C) Reduce energy intensity
D) Green financial products
E) Planning
F) Others
Policy 1) Does the policy document mention a specific policy instrument or a set of policy instruments?

instrument | 2) If yes, what is the policy instrument (or, what are the policy instruments)?
3) Types of the policy instrument (or, what are the policy instruments)?

A) Command and control

B) Market-based

C) Information

4) The geographic scope where the policy instrument is implemented:
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Table A.2 Policy documents and instruments

Table A.2.1 National Policy documents and instruments

No. Policy documents Issued by Effective time Related policy instrument Description
Notice on Continuing to Deeply Implement National . L . .
N1 Macroeconomic Control Measures to Effectively Strengthen CBRC 2006.6.6 Credit access or restraint; Approval Strict loan approval system to _controln loans to high
. process energy-consuming industries
Credit Management
Notice on Issues Related to Sharing of Corporate Information-sharing system for Incorporate environmental information of enterprises into
N2 : 9 P PBOC, SEPA 2006.12.31 corporate environmental protection; the enterprise credit system as an important basis for
Environmental Information - . .
Moral persuasion processing credit
Notice on Implementing the National Macroeconomic Control Strenathen continuous monitoring of loans to kev hiah
N3 Policy to Prevent Loan Risks in Highly Energy-Consuming and CBRC 2006.6.4 Credit access or restraint 9 . . 9ot yhig
. . - energy-consuming and high-polluting enterprises
High Pollution Industries
. . . . . Lo Credit access or restraint: Simplified Restrict credit investment in high-energy-consuming and
N4 Guidance on improving and strengthening financial services in PBOC 2007.6.29 o P high-polluting industries; Loans to support technological
the field of energy conservation and environmental protection o procedure; Entry barrier removal; innovation in ener conéervation and emission reduction
Government direct investment e
B . . . . Credit access or restraint; . . .
N5 Opinions on 'the |mplement_at|on of envnronmeqtal_ protection PBOC, SEPA, 2007.7.12 Environmental audit; Grants for Controlling the flow of Ioans_ to polluting projects and
policies and regulations to prevent credit risks CBRC RD&D enterprises.
Notice on Further Regulation of Environmental Protection Environmental audit of manufacturing and operatin
N6 Verification for Production and Operation Companies in Key SEPA 2007.8.13 - - Lo . uring P 9
. . . L . . Environmental audit companies in heavily polluting industries
Pollution Industries Applying for Listing or Refinancing
Guidance on Crediting for Energy Conservation and Emission Credit access or restraint Adjust and optimize the credit structure tF)_support energy
N7 ; CBRC 2007.11.23 : ] conservation and emission reduction; incorporate
Reduction Information-sharing system for . | S h di
corporate environmental protection environmental protection into the corporate credit system
NS Guidance on the work of environmental pollution liability SEPA CIRC 2007.12.4 Green insurance Establishing anc! improving the environmental pollution
insurance liability insurance system
N9 Guidance on strengthening sqperyisi_on and management of SEPA 2008.2.22 Environmental audit; Mandatory Envir(_)nmental audit an_d enviro_nmental infor_mation
environmental protection in listed companies disclosure: disclosure mechanism for listed companies
N10 Notice on Further Improving Green Credit Information Sharing | PBOC, MOEP 2009.6.6 Green credit; Information-sharing Q;een Ct'.’edlt Information Spellrlr']gl I\t/I.echat:usm;tCOI!ect
system; Administrative penalty: information on environmental violations by enterprises
N11 Opinion on strengthening environmental emergency MOEP 2009.11.9 Green insurance Environmental risk assessment; Green insurance

management
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Opinions on Accelerating the Implementation of Contract

Green credit; Simplified procedure;

Innovate credit products, simplify application and

N12 Energy Management to Promote the Development of Energy NDRC, STA, 2010.4.2 Tax incentives; Subsidised interest approval procedures, and provide financing and other
- . MOF, PBOC . - . - - .
Saving Service Industry rates; Grants for R&D financial services to energy-saving companies
. . MOF; NDRC;
N13 China Clean Developme:/tlel\:;crzimsm Fund Management MOST; MOEP; 2010.9.14 Special funds Clean Development Mechanism Fund
MOA; MOFA
. . . Support enterprises to issue bonds for environmental
. . . Environmental audit; Green credit; - . . . -
Opinions on Strengthening the Key Work of Environmental . - . protection projects. Establish a credit evaluation system
N14 . SC 2011.10.17 Green bond; Green insurance; h . S
Protection L for environmental behavior. Compulsory liability
Administrative penalty . . .
insurance for environmental pollution
N15 Notice on the Pilot Project on Carbon Emission Trading NDRC 2011.10.29 Emissions Trading System (ETS) Emissions Trading System
Environmental audit; Certificate and Promote emissions trading market, environmental tax
N16 12th Five-Year Plan for Environmental Protection sc 2011.12.15 Ilcens_e;_ Special funds; Electricity refo_rm, establish a crgdlt evaluathn system for corpo_rate
pricing; Special funds; Tax environmental behavior, and special funds for ecological
incentives; Moral persuasion compensation
Green Credit: Green bankin Banking financial institutions should strengthen their
N17 Green Credit Guidelines CBRC 2012.1.29 N 9 green credit capacity building, and regulators should
evaluation (MPA) .
strengthen the assessment of green credit
N18 Guidance on the Pilot Prol_ect of CompuISOfy Liability MOEP 2013.1.21 Green insurance Clarlfymg_the scope and prgced_ure_c_nf p_llot compulsory
Insurance for Environmental Pollution environmental pollution liability insurance
N19 Notice on the Submission of Green Credit Statistics Form CBRC 2013.7.21 Green credit; Grgen banking Banking financial mstltutlor}s should report on green loans
evaluation every six months
Credit access or restraint; Banking and financial institutions conduct corporate
N20 Enterprise Environmental Credit Assessment Scheme MOEP 2013.12.18 Information-sharing system for 9 - - P
. . environmental credit assessment
corporate environmental protection
N2L Several Opinions on the Development of Financial Services for sc 2014.4.20 Green credit; PPP; Special funds; Improve green credit. Innovative rural financial products;
the Issues of Agriculture, Farmer and Rural Area - Tax incentives; Subsidised interest Simplify financial services procedures; Policy guidance
rates
Opinions on the Financial Support Services for Agricultural Vigorously develop green finance to promote water-
N22 - SC 2014.4.22 ; - - -
Development of the Agriculture, Farmer and Rural Area - saving, recycling and eco-friendly agriculture
Several Opinions on Accelerating the Development of Modern Leverage the role of insurance companies as institutional
N23 - SC 2014.8.13 : -
Insurance Services Green insurance investors
N24 Guidance on the development of government and social capital NDRC 2014.12.2 Establishing mechanisms for cooperation between

cooperation

PPP

government and private capital
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N25 Interim Measures for the Mana_gement of Carbon Emissions NDRC 2014.12.10 - Certificate and license; Emissions Trading System (ETS)
Trading Pricing
Credit access or restraint: Green Banking and financial institutions provide credit to
N26 Energy Efficiency Credit Guidelines CBRC, NDRC 2015.1.13 credit; Government guarantee fund:; support enterprises_ in improving energy efficiency and
Taxi - reducing energy consumption
ax incentives
Gre.zen credit; Green t_>ond.; Qreen Promote energy efficiency loans, green finance leasing,
N27 Opinions on the Introduction of Third-Party Treatment of sc 2015.1.14 insurance; PPP; _S'mp|_'f'9d carbon finance products, energy saving and emission
Environmental Pollution - procedure; Tax incentives; reduction revenue rights and emission rights pledge
Subsidised interest rates; Certificate financing
and license
N28 Gu1dancecon tthe I?_ankllang_Seftqr'sKSupzort for Major CBRC, NDRC 2015.8.10 Green credit; Approval process; Slmpllgy ctredltdapprqval, act:jv_ely :nnovatlte gree?_ financial
onstruction Projects in Key Areas Entry barrier removal products and services, and implement green finance
. . Green Finance Bonds support the development of green
N29 Green Financial Bond Announcement PBOC 2015.12.15 Green bond; Voluntary disclosure industry projects
Opinions on several policy measures to support the ) ) ) ) Encourage financial innovation, broaden financing
N30 develg ment and o eninp u )éf Kev areas annppthe border SC 2015.12.24 Financial product innovation; methods and channels, and adjust credit approval
p pening up Yy 9 Approval process authority
. 2015.12.22-
N31 Green Bond Supported Projects Catalogue CGFC 2021.4.2 Green bond -
Governments support the issuance of green bonds and the
N32 Green Bond Issuance Guidelines NDRC 2015.12.31 Green b.ond; C_-‘o_vern_ment guarantee |mpleme_ntat|on of green_pTOJects through various means,
fund; Subsidised interest rates such as investment subsidies, guarantee subsidies, bond
interest subsidies and fund injections
PBOC, NDRC; Credit access or restraint; Green Promote innovation in financing mechanisms for
N33 Several Opinions on Financial Support for Industry to Stabilize MOIl; MOF; 2016.2.16 credit; PPP; Emissions Trading industrial enterprises; develop green credit and actively
Growth, Adjust Structure and Increase Efficiency MOC; CSRC; - System (ETS); Environmental support energy-saving and environmental protection
CBRC; CIRC resource pricing projects and services
N34 Notice on the launch of the Green Corporate Bond Pilot SHSE 2016.3.16 Green bond -
N35 Notice on the launch of the Green Corporate Bond Pilot SZSE 2016.4.22 Green bond -
Certificate and license; Emissions Establish initial allocation of energy use rights and carbon
N36 Industrial Energy Efficiency Management Approach MOII 2016.4.27 Trading System (ETS); emission rights and carry out trading of energy use rights
Administrative penalty and carbon emission rights
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Green credit; Green bond; PPP; Tax

Expand the scale of industrial green credit and green

N37 Industrial Green Development Plan (2016-2020) MOl 2016.6.30 incentives; Environment standard; bonds, and innovate financial products and services; Set
Risk exposures up an industrial green development fund
PBOC, NDRC; Regulation; Financial product . Gree_n cr.ed|t; _Green bond; PPP;.Gr_een |nsurance_; Tax
MOEP: MOF: innovation; Financial expenditure; incentives; Environment standard; Risk exposures; Green
N38 Guidance on the Construction of a Green Financial System V g 2016.8.31 S ; ’ banking evaluation (MPA); Certificate and license;
CSRC; CBRC; Pricing; Disclosure; Market . AR :
I - Environmental resource pricing; Emissions Trading
CIRC monitoring and evaluation .
System (ETS);
Environment standard; Green index
Opinions on the Establishment of a Unified System of Green . o
N39 Product Standards, Certification, and Labelling SC 2016.11.22 and standard; Voluntary disclosure
Comprehensive work brodram on enerav saving and emission Green credit; Green bond; Special Develop green finance, resource and environmental price
N40 P P greduction 9y 9 SC 2016.12.20 funds; Environmental resource reform, emissions trading price system, fiscal and tax
pricing; Electricity pricing; incentive policies
Emissions Trading System (ETS)
Notice on t_hg Implementation of Renewable Energy' Green NDRC: NEA: Certificate and license; Electricity
N41 Power Certificate Issu_la_mcde' andSV(iIuntary Subscription and MOF: 2017.2.3 pricing; Emissions Trading System -
rading System (ETS)
N42 Guidance on Supporting the Development of Green Bonds CBRC 2017.3.2 Green bond -
. . Promote the development of a green financial system, the
. . . MOEP; MOC,; PPP: ial funds: . . . . .
N43 Guidance on Promoting Green Belt and Road Construction NDRC 2017.4.26 ; Special funds; Government sharing and disclosure of environmental information, the
guarantee fund; Voluntary disclosure National Green Development Fund, and PPP
Promote the development of green financial policies and
N44 “Belt and Road Initiat'ive” Ecologi_cal and Environmental MOEP 2017512 Green bond; Special funds; Green formulate standards for green investment; e_stablish the
Protection Cooperation Plan : i "Belt and Road" Green Development Fund; improve the
insurance; Disclosure ) . o
level of environmental information disclosure
N45 Action Plan for Industl"ial 'Energy Efficiency and Green MOl 2017.5.19 Environment standard: Green index Strengthening industrial energy efficien-cy and green
Standardisation (2017-2019) standards development and revision
and standard
. . PBOC; CSRC; Strengthen the implementation of standards in the
N46 De"e'°'°me”tSP'sf’t‘gnf]ofrot:‘fhg‘;’i‘r?;rr:’;gfge"cftgrsmndard'SEd CBRC; CIRC; 2017.6.9 Environment standard; Financial | financial sector and establish a system for monitoring and
Y SAOC product innovation evaluating standards in the financial sector
PBOC, NDRC;
N47 Jiangxi Ganjiang New Area: A Master Plan for Building a MOEP; MOF; 2017.6.26 )
Green Financial Reform and Innovation Pilot Zone CSRC; CBRC; e Financial product innovation
CIRC
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Opinions on the Implementation of Promoting Third Party

Special funds; PPP; Tax incentives;

Establish a Green Development Fund; Promote emission

N48 Governance of Environmental Pollution MOEP 201789 Subsidised interest rates; Certificate rights pledge financing
and license
Increase green credit support and innovate green and
N49 Opinions on Innovative Institution_al Me(_:hanisms to Promote coccp 2017.9.30 Green credit; PPP; Green insurance: ecologi(_:al agricultur'al ihsurance pr_oducts._ Increase the
Green Development in Agriculture Environment standard promotion and appllcatlon of PPP in the field of green
agricultural development
Notice on Promoting Financial Support for Green Development ; ; ; ; Improve credit support policies, expand the scale of green
N50 g FIn: Adri Fljtp P MOA; ABC 2017.11.21 Financial product innovation; Green credit, and explore a multi-party cooperation model for
In Agriculture credit; Green insurance financial services
National Carbon Emissions Trading Market Construction . L .
N51 Programme (Power Generation Sector) NDRC 2017.12.18 Pricing Electricity pricing; Emissions Trading System (ETS)
Notice on Issuing the Implementation Plan for Green Bank
NS2 Evaluation in the Banking Sector of China CBA 2017.12.26 Green banking evaluation (MPA) B
A . - 2017.12.26- Appraisal and certification agencies launch green bond
N53 Green Bond Assessment and Certification Practice Guidelines PBOC, CBRC 2021.12.23 Green Bond appraisal and certification business
Notice on the Establishment of A Special Statistical System for
N4 Green Loans PBOC 2018.1.05 Green credit B
N55 Notice on Matters Relating to the Strqutheqing of Supervision PBOC 2018.25 Green Financial Bonds, Mandatory Strengthen _supervision, managemer_lt, and information
and Management of Green Financial Bonds disclosure disclosure of green financial bonds
. . . . . Guide listed companies to disclose environmental
N56 Vision asr];ir\f;g‘telz? glzggoégi\llgng:ggt%gig_;'g;g;e in the SHSE 2018.4.25 Green bond; Voluntary disclosure; information; Develop green equity indices and fund
p Green stock index products
|
Enterprises in the Renewable Energy Sector o Green credit; Green bond; pa g
renewable energy projects
Measures for the Administration of Compulsory Liability
N58 Insurance for Environmental Pollution MOEE 201858 Green insurance -
Implementation Opinions on Strengthening Ecological Green credit; Green bond; ?g;j::?f IgErsetZrl;I?;I:dz;tﬁagtriiinalboreiza;:vg:ge:nf;:??slnﬂ
N59 Protection and Resolutely Fighting the Battle of Pollution GOCCP, SC 2018.6.24 Environmental resource pricing; Ir?w Iemeﬁt rice nolicies and ta%( incentives ’():ond cive t'o
Prevention and Control Electricity pricing; Grant and award p price p ) onau
. - ecological and environmental protection.
Tax incentives
NGO Opinions on Innovation and Improvement of Price Mechanism NDRC 2018.7.2 Certificate and license; Environmental resource pricing;

for Green Development

Pricing

Electricity pricing; Emissions Trading System (ETS)
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N61

- Defining the meaning of green investment and clarifying
Green Investment Guidelines CAMA 2018.11.10 Financial product innovation the scope of application of the Guidelines
Notice on Promoting Financial Support for Green Development . Innovative Green Financial Products; Increase the scale of
N62 of County Industries MOII; ABC 2018.11.20 Green credit; Green insurance green credit business and reduce lending risks
N63 Notice on Condycting Gre_en Cre_dit Pe.rforma'nce' Evaluation of PBOC 2018.12.31 Green banking evaluation (MPA): )
Banking Depository Financial Institutions Green credit
Opinions on subporting and servina the areen development of ) Establish a national green development fund, improve the
N64 P PP grivate entergrisesg P MOEE; CFIC 2019.1.17 Green credit; Green bond; Green compulsory insurance system for environmental pollution
P P insurance liability, innovate green financial products
NG5 Notice on Supporting the Issuance of Green Debt in the Pilot PBOC 2019.4.26 Supporting enterprises in the pilot zone to register and
Green Finance Reform and Innovation Zone o Green bond issue green debt financing instruments
NG6 Views on Financial Support for the Construction of PBOC; CBIRC; 2020.5.14 Financial product innovation: Promoting Green Financial Cooperation in the Greater
Guangdong, Hong Kong and Macao Greater Bay Area CSRC; SAOFE - Emissions Trading System (E'I:S) Bay Area of Guangdong, Hong Kong, and Macau
Implementation Opinions on Creating a Better Development NDRC; MOEE; Green credit: Green bond: Actively develop green credit, unify the criteria for
N67 Environment to Support the Development of Private Energy MOlIl; CBIRC; 2020.5.21 Environmental resource pricing; Tax defining green bonds and broaden the ways of credit
Conservation and Environmental Protection Enterprises CFIC; MOST incentives ' enhancement for environmental industries
Notice on the Issuance of the Green Financial Performance
N68 Evaluation Program for Depository Financial Institutions in the PBOC 2020.7.21

Banking Sector

Green banking evaluation (MPA)
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Table A.2.2 Provincial policy documents and instruments

No.

Policy documents

Issued by

Effective time

Related policy instrument

Description

P1

Opinions on the implementation of the promotion of green
credit

Zhejiang CBRC,
BOEP

2011.4.11

Green credit; Information-sharing
system for green credit

Building a green credit information-sharing mechanism
between environmental protection departments and the
CBRC

No financial support for highly polluting and energy-

P2

Opinions on financial support for the development of the green
economic circle around the capital

Heibei PG

2011.7.13

Credit access or restraint

consuming industries

P3

Opinions on strengthening green credit construction to support
energy conservation and emission reduction in the capital

Beijing CBRC,
BOEP

2011.8.22

Green credit; Credit access or
restraint

Financial institutions optimize credit structure and
innovate energy-saving and emission-reduction credit
products

P4

Opinions on Strengthening the Reduction of Total Emissions of
Major Pollutants during the 12th Five-Year Plan Period

Guizhou PG

2011.12.30

Green credit; Green insurance;
Pricing; Tax incentives; ETS

Support green credit and environmental pollution liability
insurance through prices and taxes. Explore paid use and
trading of emission rights

P5

Decision on Further Strengthening Environmental Protection
and Promoting Ecological Civilisation

Guangdong
COCCP, PG

2011.12.31

Green credit; Credit access or
restraint

Implement green economy policies, strengthen green
credit and promote pollution control

P6

Evaluation of the effectiveness of Hebei's green credit policy

Hebei PBOC,
CBRC, BOEP

2012.2.24

Green banking evaluation

pP7

Green Hunan Construction Outline

Hunan PG

2012.4.20

Green credit; Green bond; Tax
incentives; Subsidised interest rates;
Green insurance

Actively develop green financial products, strengthen
investment and financing services and international
cooperation in energy conservation, environmental

protection, and new energy development

P8

Guidance for Banking and Financial Institutions on Enhancing
Green Credit Efforts

Zhejiang CBRC

2012.11.17

Green credit; Simplified procedure

Establishing a classification mechanism for credit
investment to support pollution reduction; Simplify loan
approval procedures and give priority to credit support

P9

Notice on the Guidance on the Pilot Project of Compulsory
Liability Insurance for Environmental Pollution

Beijing CIRC,
BOEP

2013.2.21

Green insurance

Pilot Compulsory Liability Insurance for Environmental
Pollution; Conduct environmental risk assessments and
enhance information disclosure

P10

Notice on the Guidance on the Pilot Project of Compulsory
Liability Insurance for Environmental Pollution

Gansu BOEP

2013.3.21

Green insurance

Pilot Compulsory Liability Insurance for Environmental
Pollution; Conduct environmental risk assessments and
enhance information disclosure

P11

Opinions on strengthening environmental protection and
promoting green credit

Liaoning CBRC,
BOEP

2013.8.3

Green credit; Information-sharing
system for green credit
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P12

Beijing Clean Air Action Plan 2013-2017

Green credit; Green bond;
Environmental resource pricing; Tax
incentives

Promote emissions trading and develop green credit and
green bond.

P13

Tianjin Green Supply Chain Management Pilot Implementation
Plan

Financial product innovation; Tax
incentives

Scale up green finance through tax incentives

P14

Notice on the joint establishment of a credit information
sharing mechanism for environmental protection

Information-sharing system for
corporate environmental protection;
Green credit

Establishing an environmental protection credit
information sharing platform and practicing green credit
standards

P15

Hainan Province Air Pollution Prevention and Control Action
Plan Implementation Rules

Credit access or restraint; Green
credit; Administrative penalty

Improve green credit and green securities, and restrict
loans and public financing for companies that violate
environmental laws

P16

Financial Support for Economic Restructuring and
Transformation and Upgrading Work Implementation Plan

Green credit; Information-sharing
system for corporate environmental
protection

Increase credit investment in energy-saving and emission-
reduction technologies and environmental protection
enterprises

P17

Guidance on the Banking Sector's Support for Economic
Restructuring and Transformation and Upgrading

Credit access or restraint; Green
credit;

Develop green credit and increase credit investment in
green industries. Support key enterprises to carry out
mergers and acquisitions and restructuring

P18

Guidance on the Support of Banking Institutions in the
Jurisdiction to Promote Green Credit in the Construction of the
Early Demonstration Zone of Ecological Civilization

Credit access or restraint; Green
credit;

Banking institutions should improve their green credit
management mechanisms, innovate green financial
products and increase their support for the green economy

P19

Opinions on the Implementation of Financial Services for The
Development of the Agriculture, Farmer and Rural Area

Green finance supports the transformation of the
agricultural development approach

P20

Opinions on Accelerating the Establishment of an Investment
and Financing Mechanism Conducive to the Construction of
Ecological Civilisation

Green credit; Green bond; Special
fund; Environmental resource
pricing

Increase credit support for ecological construction

projects; set up an investment fund for ecological

civilization construction; encourage green bonds;
strengthen international cooperation in green finance

P21

Implementation Opinions on Promoting the Transformation,
Upgrading and Innovative Development of State-level
Economic and Technological Development Zones

Green credit; Credit access or
restraint; Tax incentives; Grant and
award

Encourage banks, insurance and other financial
institutions to give financial support to industrial
transformation and upgrading. Increase credit support for
green and environmental projects

p22

Opinions on the Implementation of Third-Party Treatment of
Environmental Pollution

Beijing PG 2013.9.12
Tig’gg %%'ip* 2013.12.10
Jia”gBS”OEERC' 2013.12.31

Hainan PG 2014.2.17

Jilin PG 2014.3.2
Anhui CBRC 201459
Fujian CBRC 2014.7.17
Chongging PG 2014.9.11

Jilin PG 2015.2.25

Ningxia PG 2015.7.23

Heilongjiang PG 2015.9.17

PPP; Entry barrier removal;
Administrative penalty; Tax
incentives; Environmental resource
pricing

Encourage localities to adopt PPP and attract private
capital by removing entry barrier; trading of emission
rights; implementation of tax, price, subsidy, financing
and other supporting policies

129



Develop green credit, innovate green financial products
Opinions on Accelerating the Development of Energy Green credit; Credit access or and services, broaden the scope of collateral for loans, and
P23 - - . Yunnan PG 2015.10.20 : . . .
Conservation and Environmental Protection Industry restraint guide credit funds to energy conservation and
environmental protection industry
Measures for the_Admlnlstrathn of Emlsswn_nghts Mor_tgage Hunan PBOC, . Promote the construction of green credit and broaden the
P24 Loans for Major Pollutants in Hunan Province (for Trial 2015.12.08 Green credit . . . o
- BOEP, BOF financing channels for enterprises to reduce emissions.
Implementation)
. . . . o . Innovate green financial products and develop energy
P25 Guidance on Further Impr(_)vmg the Quality and Effectiveness Shanxi CBRC 2016.4.5 Green credit; Cr_edlt access or efficiency credit to support the development of the energy
of Banking Services to the Real Economy restraint : - L
conservation and environmental protection industry
_ _ _ _ _ Shandong Green index and standard: PPP: Establish a green list, |dent!fy arr_aas_of green financial
P26 Guidance on Strengthening Green Financial Services 2016.4.15 . support, and support green financial innovations such as
CBRC Pricing LT .
carbon emission rights and PPP projects
. . . Giving priority to companies that actively combat
Implementation Plan for the Introduction of Third-Party Inner Mongolia EnV|ron.mentaI audlt_, Entry barr_ler. pollution for approval in listing and issuing bonds. Carry
P27 X . . 2016.6.23 removal; Green banking evaluation; ! . X
Environmental Governance and Services (Trial) PG o out green credit, green leasing, carbon finance and green
Green credit; Green bond - .
banking evaluation systems
. - - - - Devel it, impl i i |
P28 Opinions on the Implementation of the Transformation and Guangdong 2016.6.27 Green credit; Green index and starf(;/aergsfr:gecr;g?glltlyolamnz ti) n:]ein:]s;::é::er .e:c:/r:;mﬁnt:n d
Development of Commercial Banks in the Jurisdiction CBRC e standard; Credit access or restraint . g oy g
high-polluting enterprises
. . . . . . L Increase green financial support for environmental
P29 Notice of the Thlrtee_nth__Fllve—_Year _Plan for the Development of Tianjin DRC 2016.9.14 Financial product innovation; Green protection, quide financial institutions to innovate green
Tianjin's Financial Sector bond .
products and issue green bonds
Notice on the Issuance of A Work Programme to Foster the Inner Mongolia .
P30 Development of the Green Fund PG 2016.9.30 Special fund
- . . A . Green credit; Green bond; PPP; Green insurance; Green
P31 Opinions on the Implementation of_AcceIeratmg the Guizhou PG 2016.11.22 'Regula-tlorn, F'|n'anc.|aliproduct development fund; Tax incentives; Environment standard;
Development of Green Finance innovation; Pricing; Disclosure . e - )
Risk exposures; Emissions Trading System (ETS);
Hefei PBOC, Financial product innovation; Green Establish a green finance incentive and penalty
P32 Anhui Province Green Financial System Implementation Plan Anhui CBRC, 2017.1.17 banking evaluation; Administrative mechanism; incorporate green finance development into
BOEP, BOF penalty; Grant and award the assessment of financial institutions
Opinions on the Implementation of Building a Green Financial Inner Mongolia Regulation; Financial product (_’_-‘areen Cre,d't? G'reen bond; Green lnsurapcel; Green
P33 2017.2.16 . . insurance; Environmental resource pricing; Green
System PG innovation
development fund
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Notice of the 12th Five-Year Plan for the Development of

Green credit; Green index and

Innovate green financial products and support banking
financial institutions to set up special green financial sub-

P34 - . Jilin PG 2017.3.2 standard; Credit access or restraint; . : L
Jilin's Financial Sector . . branches. Promote the inclusion of green enterprises in
Green bond; Special fund - T .
green indices and priority financing
Implementation Opinions on the Construction of Green Finance . Green credit; Green insurance; Green Develop green credit, promote cap_ltal market suppqrt for
P35 . . : Fujian PG 2017.5.19 green investment, develop green insurance and build a
in Fujian Province development fund . . L
pilot ecological civilization zone
. . . . . Regu!atlf)n;. F|na.nC|aI prodgct . Green credit; Green bond; PPP; Green insurance;
Implementation Measures for Building a Green Financial Beijing BOFW, innovation; Financial expenditure; : TR )
P36 . . 2017.9.17 S - Environmental resource pricing; Emissions Trading
System in the Capital DRC, CBRC Pricing; Disclosure; Market
2 - System (ETS)
monitoring and evaluation
. L . Promote the adoption of the Equator Principles by Jiangxi
. . . . . . Green banking evaluation; Special .
Jiangxi 13th Five-Year Plan for Building a Green Financial . . . T . . Bank to become a green bank. Increase green credit. Set
P37 Jiangxi PG 2017.9.22 funds; Certificate and license; o .
System . : up a carbon emissions trading market. Promote green
Emissions Trading System (ETS) fund
Chongging Establishing a multi-level green financial market system, a
. PBOC, DRC, Financial product innovation; Tax S ] ; '
P38 Green Finance Development Plan (2017-2020) CBRC, BOEP, 2017.10.26 incentives: Subsidised interest rates diversified green f_lnanC|_aI product system and a green
financial policy support system
BOEP
. . . . Financial product innovation; Green credit; Green bond; PPP; Green insurance;
Opinions on the implementation of accelerating the . . Lo o - T )
P39 . Jiangxi PG 2017.12.6 Simplified procedure; Pricing; Environmental resource pricing; Emissions Trading
development of green finance -
Disclosure System (ETS)
Information-sharing system; Green Establish a mechanism for sharing information on green
banking evaluation; Environment projects; Encourage financial institutions to set up green
P40 Opinions on Building a Green Financial System Gansu PG 2018.1.3 standard; Green index and standard; | finance divisions; Develop classification criteria for green
Green credit; Green bond; Emissions projects; Participate in the construction of a national
Trading System (ETS) carbon emissions trading market
. . Develop green credit. Use financial subsidies to support
. Green credit; Green banking . L . . :
Implementation Plan for the Reform and Development of Green . s . L financial institutions to provide more green financial
P41 - - . - Hainan PG 2018.3.29 evaluation; Green bond; Subsidised ) . . .
Finance in Hainan Province . products and services. Establish a green financial
interest rates -
assessment mechanism and develop green bonds.
Notice on the Issuance of the Implementation Rules for the Green banking evaluation: Financial Develop green credit, green bond, green insurance. Build
P42 Construction of a Pilot Green Financial Reform and Innovation Guangdong PG 2018.5.5 gev L’ environmental interests trading market. Establish a green
. . product innovation . . . . S
Zone in Guangzhou, Guangdong Province financial evaluation system for financial institutions.
Monetary Policy Tools to Support the Development of A Green Green credit; Government guarantee Give priority to financial institutions that grant green
P43 Economy in the Pilot Green Finance Reform and Innovation Xinjiang PBOC 2018.5.9 fund; Tax incentives; Subsidised loans in the pilot zone in terms of financial support,

Zone

interest rates

incentives and facilitation
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. . - . Increase financial support for key green support areas; Set
Notice on the Implementation Opinions on Accelerating the . . . L - S L -
. . - . Guangdong Financial product innovation; Green social responsibility indicators in the performance
P44 Development of Green Finance in the Banking Sector in 2018.10.12 - ) ; . S I .
Guangdong CBRC credit; Green banking evaluation appraisal of banking financial institutions and increase the
weighting of green financial development indicators
P45 Guizhou Environmental PoIIutlo_n Llab_lllty Insurance Risk Guizhou BOEP 2019.1.10 Green insurance )
Assessment Guide (Trial)
. . . . Tax incentives; Subsidised interest Support green bor_lds and guide enterprls-es .to ISsue green
Notice on the Issuance of Several Policies on Financial Support . . ; asset securitization products by subsidies; explore the
P46 - - I - Henan PG 2019.2.2 rates; Green credit; Green bond; : - .
for Ecological Environmental Protection in Henan Province . - credit and pledge financing system for resource and
Environmental resource pricing . - .
environmental rights and interests.
Notice on Several Measures to Establish Positive Incentive Tax incentives; Subsidised interest Declare a pilot green finance zone, increase support for
P47 Mechanism to Promote Quality Economic and Social Fujian PG 2019.4,29 rates; Green credit; Green insurance; refinancing and rediscounting, and support innovative
Development Green bond green finance products
pag Notice on Organlzmg the Decla.ratlpn of Green'Flnance Award Jiangsu BOEP, 2019.95 Grant and award: Tax incentives )
and Subsidy Funds in Jiangsu Province BOF
Green credit; Government guarantee Provide incentives or subsidies for green credit; promote
Several Opinions on Promoting the Development of Green - fund; Green banking evaluation; the establishment of a green bank evaluation mechanism;
P49 - Jilin PG 2019.11.8 S - - L -
Finance Subsidised interest rates; Green establish a mechanism for sharing information on green
insurance; PPP projects; Develop green insurance
Implementation Plan for the Establishment of a Market-based Environment standard; Green index Establish and improve green labeling, green procurement,
P50 and Diversified Ecological Protection Compensation Henan DRC 2019.12.6 and standard; Certificate and license; green finance, and green benefit-sharing mechanisms to
Mechanism Environmental resource pricing guide social investors to compensate ecological protectors
Green credit: Green bond: Green Encourage innovation in financial services and support the
P51 Opinions on Promoting Green Industry Development Jiangsu PG 2020.3.27 " o creation of a national pilot zone for green financial reform
Guarantee; Green insurance . -
and innovation
Initiatives on Deepening the Implementation of Financial Shanghai DRC, Tax incentives; Green credit; Qreen flnancg I"ECOgﬂItIOﬂ Cr.'te”a’. flr?ant?lal _subS|d|es and
- . L PBOC, BOFW, ’ interest subsidies. Support financial institutions to set up
Support Policies to Promote Early and Pilot Implementation in - Government guarantee fund; ) -
P52 : CSRC; Jiangsu 2020.4.2 - L green finance divisions or green sub-branches, encourage
the Yangtze River Delta Eco-Green Integrated Development Environmental resource pricing; .
. CBIRC, BOFW, . the development of green credit, and accelerate the
Demonstration Zone Green insurance :
CSRC development of green insurance
- . - . . 'Green credit Qreen bond; Green Innovative Green Financial Products; Use fiscal, financial,
Opinions on the Implementation of Building a Green Financial . insurance; Environmental resource . . - . . -
P53 Hebei BOFW 2020.9.9 T - industrial, taxation and environmental protection policies
System pricing; Emissions Trading System . .
. ] . to stimulate the development of green finance
(ETS); Tax incentives
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Table A.3 Classification and practical application of policy instruments for green finance

Type Policy instrument

Practical application

Command and Supervision
control

Regulation

Credit access or restraint
Information-sharing system for corporate
environmental protection

Environmental audit

Green banking evaluation (MPA)

Approval process

Entry barrier removal
Administrative penalty
Environment standard

Green index and standard

Green stock index

Simplified procedure

Market monitoring and evaluation

Market-based Financial product innovation

Green credit
Green bond
Green insurance
PPP

Grants for RD&D

Special funds

Government direct investment
Government guarantee fund
Tax incentives

Subsidized interest rates
Grant and award

Pricing Certificate and license
Environmental resource pricing
Electricity pricing
Emissions Trading System (ETS)
Information Disclosure Mandatory disclosure

Moral persuasion

Voluntary disclosure
Risk exposures
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Appendix B to Implementation gap of China’s environmental policies: logic behind the over-
implementation of the Coal to Gas transition
Table B.1 “2+26” pilots of CTG project, 2017

Centrally Beijing, Tianjin
administered
municipality
Hebei Shijiazhuang, Tangshan, Langfang, Baoding, Cangzhou,

Hengshui, Handan, Xingtai
Province Henan Zhengzhou, Xinxiang, Hebi, Anyang, Jiaozuo, Puyang, Kaifeng
Shanxi Taiyuan, Jincheng, Changzhi, Yangquan

Shandong Jinan, Zibo, Liaocheng, Dezhou, Jining, Bingzhou, Heze

Source: “2017 Work Plan for Air Pollution Prevention and Control in Jing-Jin-Ji and Surrounding
Areas”, issued by MEP.
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Appendix C to Why does electric vehicle deployment vary so much within a nation? Comparing

Chinese provinces by policy, economics, and socio-demographics

Figure C.1 Comparison between models with different number of clusters

0.030 1
0.029 4
0.028 4
0.027 4
0.026 1
0.025 1
0.024 4
0.023 4
0.022 4
0.021 4
0.020 4
0.019 4
0.018 4
0.0174
0.016 1
0.0154
0.014 4
0.013 4
0.012 4
0.0114
0.0104

Xie-Beni Validity Index

Note: Lower value indicates better fit.

Number of clusters
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Table C.1 Degrees of membership

Producers Retailers Green transport Laggards
Hebei 0.182 0.189 0.237 0.392
Shanxi 0.030 0.014 0.892 0.064
Liaoning 0.018 0.012 0.052 0.918
Jilin 0.045 0.031 0.121 0.803
Heilongjiang 0.041 0.028 0.207 0.724
Jiangsu 0.626 0.137 0.127 0.111
Zhejiang 0.243 0.112 0.287 0.358
Anhui 0.869 0.038 0.049 0.044
Fujian 0.619 0.072 0.200 0.109
Jiangxi 0.109 0.014 0.890 0.067
Shandong 0.064 0.023 0.781 0.132
Henan 0.115 0.037 0.738 0.111
Hubei 0.326 0.138 0.197 0.340
Hunan 0.238 0.061 0.565 0.136
Guangdong 0.692 0.083 0.147 0.079
Hainan 0.064 0.048 0.640 0.247
Sichuan 0.044 0.032 0.096 0.829
Yunnan 0.051 0.035 0.212 0.701
Shaanxi 0.598 0.094 0.162 0.146
Guangxi 0.049 0.027 0.144 0.780
Beijing 0.159 0.528 0.134 0.180
Tianjin 0.129 0.183 0.368 0.320
Shanghai 0.080 0.803 0.059 0.059
Chonggqing 0.064 0.042 0.115 0.779
Guizhou 0.072 0.072 0.141 0.716
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Appendix D to How local context matter? Assessing the heterogeneous impact of electric vehicle

incentive policies in China

Figure D.1 The selected 80 cities in this study as sample

These cities include Beijing, Tianjin, Taiyuan, Tangshan, Baoding, Langfang, Hohhot, Shenyang,
Dalian, Changchun, Shanghai, Nanjing, Changzhou, Suzhou, Nantong, Yancheng, Yangzhou,
Hangzhou, Ningbo, Jinhua, Hefei, Wuhu, Fuzhou, Xiamen, Nanchang, Qingdao, Zibo, Weifang,
Liaocheng, Zhengzhou, Xinxiang, Wuhan, Changsha, Guangzhou, Shenzhen, Foshan, Dongguan,
Zhongshan, Nanning, Liuzhou, Chongging, Chengdu, Guiyang, Xi'an, Lanzhou, Haikou, Kunming,
Jinan, Shijiazhuang, Harbin, Shaoxing, Huzhou, Xiangyang, Wuxi, Wenzhou, Xuzhou, Luoyang,
Jincheng, Zhuzhou, Xiangtan, Zhuhai, Ningde, Ganzhou, Pingxiang, Jiaxing, Hengyang, Cangzhou,
Handan, Nanping, Xingtai, Hengshui, Zhangzhou, Lijiang, Yuxi, Zunyi, Urumgi, Bijie, Shangrao,

Fuzhou, Anshun.
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Figure D.2 EV market share and policies across cities in 2022
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