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Competition and cooperation mechanism of new
energy vehicle policies in China’s key regions
Bi Fan1, Zhibin Wen1 & Quande Qin1,2✉

New energy vehicles (NEVs) are crucial in addressing environmental pollution and energy

shortages. Their widespread adoption has been hindered by challenges such as inadequate

infrastructure and limited market competitiveness. To promote the development of NEV,

local governments in China have implemented various policies. However, resource con-

straints within regions have created inherent conflicts among policy objectives, while regional

disparities have emerged due to differences in development status and characteristics. This

study aims to model the complex competitive and cooperative mechanisms among different

NEV policy objectives and compare their variations across three key regions: the Beijing-

Tianjin-Hebei (BTH), Guangdong-Guangxi-Fujian (GGF), and Yangtze-River-Delta (YRD).

Firstly, topic model Latent Dirichlet Allocation is applied on 857 local NEV policies from 2010

to 2021, identifying six core policy objectives, namely production technology, infrastructure,

financial support, demonstration, industrial management and environmental protection. Then,

the Lotka-Volterra model is employed to examine competitive and cooperative mechanism

among these policy objectives. Key findings are: (1) infrastructure policies prevail across all

regions; (2) regulation policies exhibit a comparative advantage in the BTH region, while

implementation policies dominate in the GGF region and promotion policies in the YRD

region; (3) cooperation among objectives is primarily observed in the BTH region, whereas

competition plays a more dominant role in the other regions. This study fills a previous

research gap and provides insights for researchers and policymakers, highlighting the

development of customized strategies that consider the unique characteristics and require-

ments of each region.
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Introduction

The world has witnessed rapid global economic develop-
ment and a significant increase in energy demand. This
growth has come with several negative consequences,

including increased environmental degradation and energy
shortages. As an important measure to address these challenges,
new energy vehicles (NEVs) have received widespread attention
(Zhang et al. 2020). Through their utilization of clean energy
sources, NEVs help reduce carbon emissions, improve air quality,
and contribute to a more sustainable transportation sector (Tan
et al. 2018; Wang et al. 2021). By promoting the adoption of
NEVs, countries can mitigate environmental impacts, reduce
dependence on fossil fuels, and work towards a more sustainable
future (Guo et al. 2022; Li et al. 2019).

To effectively guide the development of NEV in China, the
government has implemented a range of policies that provide
comprehensive support (Liu et al. 2023). The NEV industry has
been an integral part of China’s national strategy for several years
(Lin and Shi, 2022). Strategic high-tech objectives, such as the
“National High Technology Research and Development Program
(1983–2016)”, have identified the NEV industry as a priority (Liu
and Kokko, 2013). Subsequently, the number of NEV-related
programs has increased annually. Pilot schemes, including “Ten
Cities, Thousand Vehicles (2009–2012)” initiative, were intro-
duced to promote NEV adoption in the public sector. Upon these
initiatives, local governments have also implemented many
policies encompass technology support, subsidies, infrastructure,
and demonstration, to facilitate comprehensive NEV industry
growth. The rapid development of NEV industry greatly depends
on strong policy support.

However, the nationwide promotion and adoption of NEV still
face multiple challenges. Firstly, significant disparities across
different regions exist, such as the level of infrastructure (Dong
and Liu, 2020). Insufficiency infrastructure development hinders
NEV progress in some areas (Kalthaus and Sun, 2021). Addi-
tionally, there is a lack of effective coordination and collaboration
between local policy responses and central planning. While some
regions have implemented proactive policies such as purchase
subsidies and free parking to support NEVs, others have not
provided adequate incentives, which has resulted in slower local
NEV adoption (Liu and Yi, 2020). Moreover, limited internal
policy resources among regions and strong interrelationships
between policy objectives create difficulties in formulating opti-
mal strategies.

In recent years, scholars have conducted studies on NEV
policies in multiple nations from various perspectives and
methodologies. Ma et al. (2019) compared NEV policies in China,
Japan, Germany, and the United States, finding that nations
formulate NEV policies with different priorities, based on factors
such as technological levels and market competitiveness. Wes-
seling (2016) revealed that nations with developed automotive
industries prioritize technological advancement policies, whereas
those with underdeveloped automotive industries emphasize
NEV sales promotion. China’s NEV promotion strategy serves
dual purposes: addressing climate change and advancing indus-
trial technologies. Dua (2024) highlights the emerging discourse
on policy-driven developments in achieving net-zero transport
emissions, particularly relevant for emerging economies like
China. Meckling and Nahm (2019) frames China as an “industrial
upgrader”, aiming to develop an export-oriented EV industry
while addressing environmental challenges. Dua et al. (2024)
emphasizes the importance of assessing how various countries’
policies impact the competitiveness of their EV battery industries
relative to China’s. In China, local governments are also
encouraged to align subsidy policies with regional circumstances
(Liu et al. 2022). Therefore, unique regional characteristics and

policy differences have emerged. Zhang and Qin (2018) sum-
marized provincial and municipal NEV policies, shedding light
on the evolving policy emphases over time and across regions.
Moreover, Haley (2015) found substantial regional NEV devel-
opment variations, emphasizing the need for targeted, context-
specific strategies. Similarly, Liu et al. (2022) examined regional
differences in the promotion effects of China’s NEV policies,
suggesting that inconsistencies in policy formulation and imple-
mentation have led to variations in policy effectiveness. The
development of NEVs exhibits significant regional variations,
primarily influenced by distinct policy objectives set by local
governments, which serve as guidelines for action. Understanding
these policy objectives is crucial for effective policy-making, as
they reflect the government’s agenda and priorities. Conse-
quently, the study of policy objectives has gained attention in
NEV research. Scholars have explored various policy objectives,
including technology investment, financial support, market sub-
sidies, and infrastructure development (Liu et al. 2018; Du and
Ouyang, 2017; Zhang and Cai, 2020; Li et al. 2016). These studies
of multidimensional policy objectives have made substantial
contributions to the development of the NEV industry.

Local governments face the challenge of balancing multiple
policy objectives while formulating NEV policies. Different policy
objectives can either compete or cooperate with each other due to
limited regional resources. For instance, government efforts to
encourage NEV adoption through financial subsidies can con-
tribute to energy and environment objectives (Zhang et al. 2020).
Recent studies examine the complex effects of electric vehicle
subsidies. Sheldon and Dua (2020) found the impact and cost-
effectiveness of the Chinese plug-in electric vehicle subsidy pro-
gram, suggesting income-based targeting could improve effi-
ciency. Li et al. (2022) noted that while subsidies drove over half
of China’s EV sales, infrastructure investments were more cost-
effective. Sheldon and Dua (2024) provided a global perspective,
revealing subsidies’ costs across countries and demonstrating
improved medium-term cost-effectiveness. Barwick et al. (2024)
showed that attribute-based subsidies in China led to higher
product quality and reduced market distortions compared to
uniform subsidies. While subsidies are effective in stimulating
NEV adoption, they also pose financial challenges for local gov-
ernments. Ji et al. (2019) highlight the risks associated with
excessive subsidy dependence, emphasizing the need for sus-
tainable and diversified approaches to incentivize NEV adoption.
This underscores the importance of finding a balance between
promoting NEVs and ensuring fiscal sustainability. Local devel-
opment statuses and resource endowments vary across regions,
leading to diverse policy emphases. Zhang and Bai (2017) have
analyzed regional NEV policies to identify common objectives,
such as environment protection, infrastructure construction, and
industrial revitalization. For example, Shang et al. (2024) men-
tioned that provinces like Guangdong are keen to expand infra-
structure construction. Moreover, Sun et al. (2020) found that
promoting green consumption awareness among consumers and
fostering environmental consciousness among enterprises are
crucial for reducing carbon emissions in the transportation sector
of the Yangtze River Delta region. Zhu et al. (2021) highlight the
complementary nature of NEV subsidies and regulations under
different conditions. Understanding how various policies interact
and complement each other is essential for maximizing their
effectiveness and minimizing unintended consequences, such as
potentially hindering technological breakthroughs in the long
term (Zhang and Bai, 2017). While insights gained from existing
studies, there remains a lack of a unified comparative policy
formulation framework. This gap underscores the need for fur-
ther research to develop comprehensive approaches that consider
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the mechanisms of multi-objective operation. Such framework
would enable policymakers to navigate the complexities of bal-
ancing competing objectives more effectively and guide coordi-
nated and sustainable development efforts at region level.

In recent years, computational methods for textual analysis
have gained popularity. While qualitative analysis has been the
predominant approach for examining NEV policies (Liu and
Kokko, 2013), its reliance on experience limits its ability to pro-
cess extensive and large-scale datasets. Consequently, computa-
tional algorithms for text analysis have been increasingly
employed (Isoaho et al. 2021). Among these methods, topic
modeling Latent Dirichlet Allocation (LDA) is a computational
technique that automatically analyzes and uncovers hidden
semantic structures within a collection of documents (Hu et al.
2024). It has been widely used in text analysis to identify hidden
topics in a corpus with a probabilistic model (Isoaho et al. 2021).
As an automated data clustering method, LDA extracts the main
themes contained in large, unstructured documents (Blei et al.
2003). LDA enables the tracking of topic evolution over time,
facilitating the detection of significant changes and providing
valuable insights into the dynamics of themes (Isoaho et al. 2021;
Shi et al. 2022). Li et al. (2021) combined LDA and econometric
models to explore the impact of NEV policies. Given its capacity
to interpret policy texts, we employed the LDA topic model in
conjunction with text analysis to investigate China’s NEV
policies.

To quantitatively characterize the complex relationships
among various objectives, theoretical competition-cooperation
models from biology have gained widespread attention, especially
the Lotka-Volterra (LV) model. The LV model is a mathematical
framework that captures how the population of one species affects
and is affected by others, accounting for both positive (coopera-
tive) and negative (competitive) interactions. It excels at
describing complex relationships, competitive and cooperative
dynamics, and temporal evolution of multiple variables in a
system. This flexibility allows the model to represent both micro-
level interactions and macro-level system dynamics, extending its
applicability from ecology to diverse social and economic fields.
For instance, Zhang and Huang (2021) utilized the LV model to
analyze the competitive and cooperative dynamics between
technological innovation, resource consumption, environmental
quality, and industrial development quality. Similarly, Mao et al.
(2020) employed the LV model to quantify and predict the
relationships between commercial bank online payment systems
and third-party online payment systems. Their analysis revealed
the dominance of competition in these relationships. These the-
oretical models have expanded into various domains, including
product market competition, population dynamics, economic
growth, pollution emissions and energy consumption (Hung et al.
2014; Tsai and Chen, 2020; Zhang et al. 2023).

The broad applicability of the LV model demonstrates its
power as a valuable framework for policy analysis. The policy
objectives interact similarly to species. First, the growth dynamics
in policies like the intrinsic growth of species populations,
influenced by factors such as political support and resource
allocation. Second, interaction effects capture how policies can
compete for resources or attention, or complement and reinforce
each other, similar to species interactions in ecosystems. Third,
temporal evolution is considered, as both species populations and
policy emphases change over time. Finally, the model’s capacity
to handle system complexity allows for the analysis of multiple
interacting policies. The LV model provides a systematic frame-
work for analyzing complex interactions among multiple policy
objectives simultaneously. This dynamic approach allows for the
analysis of both competitive and cooperative elements within the
policy ecosystem.

To enrich the understanding of complex policy system and the
interconnectedness among different policy objective, this study
proposes a quantitative framework based on the Lotka-Volterra
model. The framework aims to examine the competitive and
cooperative relationships among various objectives within the
context of NEV policies. By investigating the interrelationships
among policy objectives, valuable insights can be gained into the
dynamics that drive policy outcomes and decision-making pro-
cesses. To carry out the analysis, a dataset of 857 local NEV
policies from the past decade was collected, focusing on three key
regions in China. The policies were applied in the LDA model, a
technique used to extract and quantify the NEV policy objectives
present in the dataset. This objective data was then utilized to
construct a multi-objective LV model, which captures the com-
plex interactions among the identified objectives. The model was
solved using partial differential equations through grey estima-
tion, enabling the exploration of the competition-cooperation
spectrum within the NEV policy system. This approach allows for
the identification of regional policy development traits and
facilitates comparative analysis of policy implications across the
studied regions. Overall, this framework provides a systematic
approach to understanding the competitive and cooperative
dynamics among NEV policy objectives. By employing the LV
model and leveraging quantitative analysis techniques, this study
contributes to the knowledge and decision-making processes in
the realm of NEV policies, offering policymakers valuable insights
for policy optimization and effectiveness.

The structure of this paper is as follows: Section “Introduction”
provides the background introduction and literature review.
Section “Methods” describes the methodology, including the
research design and data sources. Subsequently, Section “Result”
presents the experimental results, providing a descriptive and
analytical study of NEV policy objectives, along with analysis of
their competitive and cooperative relationships. Section “Dis-
cussion” discusses the finding of research. Finally, Section
“Conclusions” presents conclusion, policy implication and
limitations.

Method
Research framework. In order to address the need for local
governments to effectively balance multiple policy objectives of
NEV policies, this paper proposes a competition-cooperation
perspective to examine the dynamics among these objectives. The
research framework is illustrated in Fig. 1. The first step of the
framework involves applying LDA topic modeling to identify
the key policy objectives from a collection of local policy texts.
This computational text analysis technique helps recognize the
most relevant and prevalent objectives within the corpus. The
frequency of objective occurrence is then summarized, providing
insights into the relative prominence of each objective. Next, the
Lotka-Volterra model is employed to analyze the competitive and
cooperative relationships among the identified policy objectives.
In this model, the objectives are treated as “species” and their
frequency of occurrence is analogous to population size. By
applying the LV model, the interactions among policy objectives
are quantified, and a relationship network of policy objectives is
constructed. This approach allows for a quantitative exploration
of the relationships between different objectives, shedding light
on the competitive and cooperative dynamics among them. By
combining computational text analysis with ecological modeling,
this novel approach offers a data-driven framework to understand
the complex dynamics between local NEV policy objectives. It
provides insights into how local governments navigate the com-
peting objectives when formulating NEV policies. The framework
enhances the understanding of the decision-making processes
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and strategies employed by local governments to balance the
various objectives and promote effective policy outcomes in the
NEV industry.

Data source. In this study, three provincial regions were selected
as the research area: Beijing-Tianjin-Hebei (BTH), which
includes Beijing, Tianjin and Hebei Province; Guangdong-
Guangxi-Fujian (GGF), consisting of Guangdong Province,
Guangxi Province and Fujian Province; and Yangtze-River-Delta
(YRD), which contains Shanghai, Zhejiang Province, Jiangsu
Province and Anhui Province. These regions were chosen based
on several considerations. Firstly, these regions, located along
China’s eastern coast, represent the country’s most economically
advanced areas and have experienced the full trajectory of Chi-
na’s NEV industry evolution. The NEV industry in these regions
has developed rapidly, benefiting from strong foundational
advantages including pre-existing automotive and high-tech
industries, access to capital, and a skilled workforce. After nearly
a decade of growth, they have cultivated established ecosystems
encompassing research and development centers, large-scale
manufacturing clusters, well-developed supply chain networks,
and infrastructure. Secondly, these regions also offer excellent
representativeness of different aspects of China’s NEV policy
landscape. BTH, as the northern region, represents the admin-
istrative and political core, often leading in policy innovation.
YRD, the eastern region, exemplifies areas of robust economic

development and industrial maturity. GGF, the southern region,
is known for technological advancements and an export-oriented
economy. This diversity allows this study to capture a range of
policy characteristics. Furthermore, these regions have been at
the forefront of NEV adoption nationwide, with provinces like
Guangdong and Zhejiang leading the way. They have imple-
mented a comprehensive range of supportive NEV policies early
on, including R&D subsidies, manufacturing incentives, infra-
structure development initiatives, and consumer-focused mea-
sures such as purchase subsidies and preferential privileges. This
rich and diverse policy environment is crucial for our analysis,
offering a unique opportunity for a comprehensive temporal
study of competition and cooperation mechanisms within the
NEV policy landscape.

To conduct a comprehensive study, we collected data from
various sources, including official websites of local governments,
the China Automotive Industry Association website, and Peking
University Law Weapon (https://www.pkulaw.com/law). Time
span of the study was set from 2010 to 2021. Key search words
like “new energy vehicle”, “electric vehicle”, “Lithium-ion battery
car” and “low-carbon vehicle” were used to identify relevant
official documents including laws, regulations, notices, plans, and
announcements. After carefully reviewing the collected data and
removing duplicates, a total of 857 valid policies were obtained.
The YRD region has 368 policies in total, accounted for most
policies, followed by 288 in GGF and 201 in BTH. This large-scale
dataset from major economic regions provides a rich foundation

Fig. 1 Framework for analyzing competition and cooperation mechanisms in regional NEV policies with topic modeling (LDA) and Lotka-Volterra model.

Fig. 2 Probabilistic graphic of the LDA model.
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for understanding local NEV policy priorities and interactions in
China.

LDA topic model. LDA is a probabilistic language model pro-
posed by Blei et al. (2003). The probabilistic graph of the LDA
model is shown in Fig. 2. LDA assumes that each document is a
mixture of topics and each topic is a mixture of words. The
generation process for each document m in a corpus D can be
explained as follows:

(1) Randomly choose a distribution over topics.
(2) For each word in the document:
a) Choose a topic from the distribution of topics.
b) Choose a word from the corresponding distribution of the

vocabulary.
The generative process for the LDA corresponds to the joint

distribution of the hidden and observed variables:

p φ1:K ; θ1:M; z1:M;w1:Mjα; β
� � ¼ QK

i¼1
pðφijβÞ

QM

d¼1

pðθmjαÞ
QN

n¼1
pðzm;njθmÞpðwm;njφ1:k; zm:nÞ

ð1Þ

α is the parameter of the document-topic prior distributions over
θ1:M

β is the parameter of the topic-word prior distributions over φ1:K
φ1:K are the topics where each φi is a distribution over the vocabulary
θ1:M are the topics where θm is a distribution for document m
zm;n is the topic assignment for word n in document m
wm;n is the n th word for document m
The identification of topics and words can be estimated by

Gibbs sampling.

p φ1:K ; θ1:M ; z1:Mjw1:M

� � ¼ p φ1:K ; θ1:M; z1:M;w1:M

� �

pðw1:MÞ
ð2Þ

Lotka-Volterra model. The Lotka-Volterra model is an exten-
sion of the single-species logistic model that accounts for the

interactions between multiple species. While the logistic model
assumes that a species exists in isolation and its population
dynamics are solely influenced by its own factors, the LV
model recognizes that in nature, the evolution and develop-
ment of a species are often influenced by the presence and
interactions with other species. Therefore, giving consideration
on competition and cooperation of multi-species by adding the
interaction terms between different species, the LV model is as
follows:

dxiðtÞ
dt

¼ aixiðtÞ 1� xiðtÞ
Ki

þ ∑
m

j¼1;i≠j

bijxjðtÞ
Ki

� �
i; j ¼ 1; 2; 3:::m ð3Þ

where xiðtÞ represents the cumulative number of species i at
time t. ai represents the intrinsic growth rate of species i,

indicating its growth intensity without impact from other
species (Anisiu, 2014). Ki indicates the maximum possible
cumulative number of species i, which is determined by the
environment. bij is the interaction parameter which meausures
the impact of j on i, namely the competition coefficient. A
positive bij means that j has a promoting effect on the devel-
opment of i, while a negative one indicates an inhibitory effect.

First, let αi ¼ ai, βii ¼ � αi
Ki
, βij ¼

bij
Ki
, Eq. (3) can be rewritten as:

dxiðtÞ
dt

¼ xiðtÞ ai þ βiixiðtÞ þ ∑
m

j¼1;i≠j
βijxjðtÞ

� �
i; j ¼ 1; 2; 3:::m ð4Þ

Subsequently, the competition coefficients among policy
objectives are estimated using gray estimation (Zhang and
Huang, 2021). Based on the mapping relationship between gray
derivatives and logarithmic coordinates, Eq. (4) can be discretized
as :

xi t þ 1ð Þ � xi tð Þ ¼ αi
xi tð Þþxi tþ1ð Þ

2 þ βii
xi tð Þþxi tþ1ð Þ

2

� �2

þ ∑
m

j¼1; i≠j
βij

xi tð Þþxi tþ1ð Þ
2

xj tð Þþxj tþ1ð Þ
2 ; i ¼ 1; 2; 3:::m

ð5Þ

Substituting the original data column when t ¼1, 2, …, n into
Eq. (5), the matrix equation can be obtained:

Xi ¼ Diq̂i ð6Þ
where

Finally, substitute the coefficient value obtained by Eq. (7) into
Eq. (4). The competition parameters can be obtained (Zhang and
Huang, 2021). Then the relationships between species i and j are
determined by their respective competition parameters βij and

βji(i ≠ j). According to the signs of βij and βji, 7 possible

relationships between them can be recognized (Mao et al. 2020;
Zhang and Huang, 2021), as shown in Table 1.

In this study, policy objectives were recognized by LDA and
considered as species in the policy system, while their
frequencies were considered as the population. Then, LV model
was applied to discover their competition and cooperation
mechanism by calculating the cooperation coefficient on each
other. The promotion and inhibition effects of each objective on
others can be obtained from the competition coefficient.

Table 1 Interaction between the various factors.

βij βji Interspecific relationship

>0 >0 Mutualism
>0 =0 Commensalism
>0 <0 Species i prey on species j
<0 <0 Competition
<0 =0 Amensalism
<0 >0 Species j prey on species i
=0 =0 No interaction

Di ¼

xið1Þþxið2Þ
2

ðxið1Þþxið2ÞÞ2
4

ðx1ð1Þþx1ð2ÞÞðxið1Þþxið2ÞÞ
4 ::: ðxi�1ð1Þþxi�1ð2ÞÞðxið1Þþxið2ÞÞ

4

xið2Þþxið3Þ
2

ðxið2Þþxið3ÞÞ2
4

ðx1ð2Þþx1ð3ÞÞðxið2Þþxið3ÞÞ
4 ::: ðxi�1ð2Þþxi�1ð3ÞÞðxið2Þþxið3ÞÞ

4

::: ::: ::: ::: :::
xiðn�1ÞþxiðnÞ

2
ðxiðn�1ÞþxiðnÞÞ2

4
ðx1ðn�1Þþx1ðnÞÞðxiðn�1ÞþxiðnÞÞ

4 ::: ðxi�1ðn�1Þþxi�1ðnÞÞðxiðn�1ÞþxiðnÞÞ
4

0

BBBB@

1

CCCCA

Xi ¼ ½ xið2Þ � xið1Þ xið3Þ � xið2Þ ::: xiðnÞ � xiðn� 1Þ �T

q̂i ¼ αi βii βij
� 	T ¼ ðDi

TDiÞ�1
Di

TXi

ð7Þ

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-04167-y ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2024) 11:1640 | https://doi.org/10.1057/s41599-024-04167-y 5



Finally, networks of policy objective relationship can be
constructed.

Results
Identification of policy objectives. Six policy objectives related to
NEV development were identified through LDA, including pro-
duction technology, infrastructure, financial support, demon-
stration, industrial management and environmental protection.
The definitions of these objective were presented in Table 2.
Then, the accumulated frequency of policy objectives corre-
sponding to each objective in different regions were summarized.
Figure 3 present the policy objectives in YRD, GGF and BTH
regions, respectively. In both the YRD and GGF regions, the
policy objectives of Financial Support and Demonstration had
the highest number of policies. In contrast, in the BTH region, the
policy objective of Environmental Protection had the largest
number of policies, with 51 policies identified. By analyzing the
distribution of policy objectives in different regions, the insights
into the regional priorities and focuses of NEV policies in China
can be obtained, highlighting the varying emphases on different
aspects of NEV development across the selected regions.

Obtainment of intrinsic growth rates and competition coeffi-
cients. As described in Section 2, based on the result of LDA, LV
model was applied to provide insights into the competitive-
cooperative relationships among the NEV policy objectives in the
three regions. To examine the fitness of the LV model, the
coefficient of determination (R²) and Root Mean Square Error
(RMSE) for each policy objective in each region are calculated, as
shown in Appendix A. Generally, the R² and RMSE values across
all regions and policy objectives indicate that the LV model
provides a good fit to the observed data. This suggests that the
model captures a significant portion of the complex dynamics in
NEV policy interactions.

To test the stability of the LV model, the sensitivity analysis
method Sobol is employed using SALib (Iwanaga et al. 2022). It is
a variance-based global sensitivity analysis technique that
quantifies the contribution of each input parameter to the output
variance of the model. The parameter ranges are set to ±10% of
their original values. The SALib generates a set of parameter
samples to efficiently explores the parameter space. The LV
model is then run for each sample set, and outputs are collected.
The sensitivity indices for parameters are computed by SALib’s
analysis module. This analysis identifies the most influential
parameters for each region’s model, as shown in the Appendix A,
which lists the top 5 most sensitive parameters for each region.
Notably, intrinsic growth rates (α1 � α6) dominate the sensitivity
rankings across all regions, with some variation in their relative
importance. Competition coefficients (β36; β42; β13) appear in the
top 5 for BTH and GGF, but not for YRD. When applying the LV
model to analyze NEV policy dynamics, these key parameters
should be given more attention.

Moreover, with the parameter samples generated earlier, the
LV model is executed to obtain the outputs. According the

distribution of these outputs, the 95% confidence interval (95%
CI) of the outputs is estimated. Appendix A presents the
estimated results for the year 2021, showing the true number of
policy objectives and the corresponding 95% CI for each objective
in each region. The results are stable, with the true number of
policy objectives falling within the estimated 95% CI. Through
the fitted LV model, this study obtained the intrinsic growth rates
and mutual competition coefficients of the six policy objectives in
the three regions, then judged their respective relationships
through the method shown in Table 2. The intrinsic growth rates
of the six policy objectives were shown in Table 3, while their
competition coefficients in the three regions were displayed in the
Appendix A, respectively.

Discussion
The relationship of policy objectives based on the industry.
Policy objectives take mutually reinforcing actions to drive the
development of the NEV industry. Based on the content and
interaction of objectives, this study classified objectives into three
categories: implementation, promotion and regulation, as
described in Fig. 4. Each playing a specific role in supporting the
growth of the industry: (1) Implementation focuses on estab-
lishing the physical foundation through production technology
and infrastructure. The government initially prioritized produc-
tion technology advancements to reduce costs and boost com-
petitiveness (Liu et al. 2018). Additionally, infrastructure
construction is crucial, particularly as the sales of NEVs increase.
Adequate infrastructure, such as charging stations and supportive
transportation networks, is necessary to facilitate the operations
of NEVs effectively (Wei et al. 2023). (2) Promotion aims to
stimulate the adoption of NEVs across public and private sectors
via financial support and demonstration programs. Financial
support enables necessary long-term investments in R&D and
infrastructure that companies cannot solely afford. Demonstra-
tion programs, often subsidy-driven, create substantial demand in
the public sector and attract individual purchasers (Wei et al.
2023). These programs serve to showcase the benefits and feasi-
bility of NEVs, encouraging wider adoption. (3) Regulation
objectives provide industry and environmental guidance through
management policies and emission standards. The government
enacted various regulations on quality, standardization, and
emissions to ensure that NEVs meet certain criteria for perfor-
mance, safety, and environmental impact (Zhang and Qin, 2019).
The interaction among these three categories is essential for
addressing key challenges. For example, cost reductions require
joint implementation efforts on battery innovations and promo-
tional subsidies (Tie and Tan, 2013). In summary, the effective
combination of objectives across implementation, promotion, and
regulation is crucial for the development of a thriving NEV
market. By establishing a strong physical foundation, stimulating
adoption through financial support and demonstrations, and
providing industry and environmental guidance, policymakers
can drive the growth of the NEV industry and support the
transition to sustainable transportation.

Table 2 The definitions of policy objectives.

Policy objective Definition

Production technology Grasp the key technologies and promote the informatization and systemization of technology.
Infrastructure Construct an infrastructure system compatible with the development of NEVs.
Financial support Give monetary incentives for the purchase of NEVs.
Demonstration Encourage the use of NEVs in the public and private sectors.
Industrial management Establish an effective management system for NEV related enterprises and products.
Environmental protection Implement environmental protection plans to build a green and sustainable society.
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Table 4 is a summary of objective relationships in the three
regions, respectively. There are differences in the regions’ policy
priorities and the structure of their policy interaction networks.
The intrinsic growth rates of policy objectives vary across regions,
indicating different focus areas. BTH prioritizes infrastructure
and environmental protection, suggesting a focus on building a
robust foundation for the NEV industry and the urgent need to
address severe air pollution issues in BTH region. YRD, on the
other hand, emphasizes demonstration and environmental
protection, which may indicate a more advanced stage of NEV

Fig. 3 Accumulated value of the policy objectives in three regions. a Yangtze-River-Delta region, b Beijing-Tianjin-Hebei region and c Guangdong-
Guangxi-Fujian region.

Table 3 Result of intrinsic growth rates of objectives.

Intrinsic growth rate BTH GGF YRD

Financial support 0.2047 1.2554 0.4283
Industrial management 1.7032 0.0722 0.4284
Infrastructure 2.2612 0.5757 0.7017
Environmental protection 1.7874 0.1788 0.8123
Production technology 0.8331 0.5611 0.5908
Demonstration −0.1328 0.8459 1.6137
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adoption and a stronger emphasis on sustainability. GGF’s focus
on financial support could reflect its export-oriented economy
and the need to boost industry competitiveness. These priorities
likely stem from each region’s unique characteristics, including
their industrial base, environmental challenges, and economic
development.

The structure and complexity of policy interaction networks
also differ across regions. BTH exhibits a more balanced network
with 5 cooperative, 4 competitive, and 6 predatory relationships.
This balance might indicate a more integrated approach to policy
implementation in the capital region. In contrast, GGF and YRD
show a stronger tendency towards competition and predation,
with only 2 cooperative relationships each. This disparity could be
attributed to varying levels of resource competition and policy
coordination capabilities in each region.

Beijing-Tianjin-Hebei Region
Analysis of regional intrinsic coefficients. As shown in Table 3, the
intrinsic growth rates provide insights into the untapped growth
potential of each policy objective. Among these objectives, infra-
structure exhibited the highest intrinsic coefficient in BTH, followed
by environmental protection and industrial management. The high
growth rate of infrastructure can be attributed to several factors. As
the capital region, BTH benefits from substantial government
funding for NEV-related infrastructure. The region’s compact
urban structure and dense population present unique challenges,

necessitating robust infrastructure to accommodate diverse trans-
portation needs. Furthermore, the region’s demanding mobility
requirements, including extensive travel and daily commutes, drive
the need for a comprehensive and efficient charging network. These
factors collectively contribute to the prioritization of infrastructure
development in BTH’s NEV policies. Notably, the coefficient of
demonstration was negative, indicating a negative growth trend.
This could be due to BTH reaching a stage of market maturity
where additional demonstration projects yield diminishing returns,
signaling a policy shift towards more targeted implementation and
regulation policies. Additionally, there might be a reallocation of
resources from demonstration projects to other pressing needs such
as infrastructure development and environmental protection, which
show higher growth rates in the region.

Analysis of regional relationships network. According to Fig. 5a,
the cooperation network can be divided into two components.
One component connects industrial management and production
technology, while the other component links demonstration,
infrastructure, financial support, and environmental protection.
Based on the competition coefficients, infrastructure emerges as
the most promoted objective and occupies a dominant position in
the network. It serves as a bridge between implementation and
promotion policies.

Figure 5b illustrates the predation network, showcasing two
distinct patterns. Firstly, environmental protection, financial
support, and production technology engage in mutual predation.
Secondly, demonstration-industrial management, environmental
protection-infrastructure, and infrastructure-production technol-
ogy form linear predation chains. Among these interactions,
environmental protection has the most significant predation
impact on infrastructure, while financial support acts as the
strongest inhibitor of environmental protection. Once again,
infrastructure emerges as a central component, highlighting its
dominant role in the network.

Figure 5c presents the competition network among policy
objectives. It is observed that there is mutual inhibitory competition

Fig. 4 The relationship of policy objectives, grouped into implementation, promotion, and regulation categories.

Table 4 Regional competitive-cooperative relationship
quantities.

Region Cooperation Competition Predation

BTH 5 4 6
GGF 2 6 7
YRD 2 5 8
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among the objectives, except for environmental protection. Infra-
structure experiences the strongest inhibitory competition from
industrial management and production technology. However, it also
competitively suppresses production technology and industrial
management. Industrial management occupies a central position
in the network, highlighting its competitive dominance. The
competitive relationship between infrastructure construction, pro-
duction technology, and industrial management likely reflects the
complex interplay of supply and demand factors in the NEV market.
Infrastructure development is crucial for increasing NEV adoption
(demand-side), while production technology and industrial manage-
ment improve NEV production and quality (supply-side). The
observed competition might indicate a balancing act in resource
allocation. When infrastructure lags, resources may shift towards its

development to boost adoption. Conversely, when infrastructure is
adequate, the focus may turn to production technology and
industrial management to enhance production efficiency. This
balancing act can create temporary tensions, such as when industrial
management efforts slow down infrastructure expansion as the
industry waits for standards to be set before large-scale deployment.
However, these objectives appear to be in competition while actually
being complementary in the long-term development of the NEV
industry, aligning with economic principles of supply and demand
rather than representing inherent conflicts.

In the BTH region, industrial management and infrastructure
play dominant roles. Infrastructure holds a dominant position in
both the cooperation relationship network and the predatory
relationship network, while facing strong competition from
industrial management and production technology. This dynamic
reflects a balancing act between supply and demand factors.

Guangdong-Guangxi-Fujian Region
Analysis of regional intrinsic coefficients. From Table 3, promotion
objectives show the highest growth intensity exhibited the highest
intrinsic growth potential, while regulation objectives had the
lowest. This observation aligns with the region’s booming auto-
motive market and urgent sustainability challenges. With the region
experiences rapid economic development, there is a pressing need
to address the escalating environmental challenges while harnessing
the significant potential of the NEV market. Promotion policies aim
to stimulate consumer enthusiasm on NEVs and provide impetus
for sustained market development. The NEV industry in the GGF
region is primarily concentrated in Guangzhou and Shenzhen, with
other supporting developments in the surrounding areas. The
implementation of promotion policy measures has proven effective
in cultivating the NEV industry, particularly in higher-income areas
where they have a significant impact on sales volume (Xiong and
Wang, 2020). Given this context, there is strong support for the
development of promotion policies.

Analysis of regional relationships network. Only three objectives
appear in the cooperation network: environmental protection,
financial support, and industrial management, as shown in
Fig. 6a. Among these, financial support serves as the central
component, receiving significant promotion from environmental
protection. To achieve the goal of carbon peak and carbon neu-
trality as well as alleviate environmental pollution pressures, it is
necessary to establish a linkage mechanism between financial
policies and environmental air quality performance. Therefore,
financial support mutually promotes multiple policy objectives
and receives a significant promoting effect, placing it in an
advantageous position within the entire symbiotic network.

Figure 6b illustrates the predator-prey relationships within the
network, encompassing two dimensions: a) the relationship
between environmental protection, industrial management, and
production technology; and b) the relationship between demon-
stration, financial support, and production technology and
infrastructure. Environmental protection, as well as production
technology, form two triangular predator-prey relationships with
demonstration and industrial management. In this relationship,
production technology serves as the primary predator but
ultimately falls prey to infrastructure.

The competition network is presented in Fig. 6c. Infrastructure,
industrial management, and demonstration exhibit pairwise
competition while environmental protection, infrastructure,
financial support, and production technology demonstrate linear
competitive patterns. According to the competition coefficient,
we can observe that the competition between financial support
and production technology is particularly intense, with financial

Fig. 5 The relationship network of objectives in Beijing-Tianjin-Hebei
region. a Cooperation network with bidirectional links. b Predation network
with dashed arrows from prey to predator. c Competition network with
solid arrows between competing objectives.
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support prevailing in terms of competitiveness. Infrastructure also
holds a dominant position in multiple competitive relationships.
Strong competitive relationships exist between implementation
and promotion objectives.

In summary, the GGF region exhibits distinctive character-
istics, including the high intrinsic growth of promotion objectives
and strong competition between promotion and implementation
objectives. Effectively managing these tensions will be crucial for
achieving balanced and synergistic development.

Yangtze-River-Delta Region
Analysis of regional intrinsic coefficients. According to the results,
similar to the GGF region, the intrinsic coefficients of policy
objectives in YRD are all positive. Demonstration exhibits the

highest intrinsic growth rate, indicating government’s attention
on promoting NEV adoption, while other policy objectives are
relatively close values.

Analysis of regional relationships network. As shown in Fig. 7a,
only three objectives exist in the cooperation network: production
technology, demonstration, and industrial management, with
demonstration serving as the “core” of the mutual symbiosis
relationship. Compared to the more complex competitive
dynamics, the limited cooperative objectives suggest more frag-
mented policy efforts in the YRD. Corresponding to the high
intrinsic growth rate, the dominance of demonstration reflects the
region’s focus on pioneering NEV adoption and commercializa-
tion through high-profile pilot programs.

As shown in Fig. 7b, the predation relationship network
exhibits complex dynamics, with multiple triangular predation
relationships formed. Financial support, and infrastructure act
as the main predators, benefiting most from the system.
Infrastructure exhibits the largest coefficients of −4.12 on
industrial management and −1.13 on environmental protec-
tion, indicating infrastructure strongly inhibits industrial
management and environmental protection. The predation
between the supply side and the environmental side on the
demand side is primarily manifested through their interaction
with financial support.

The competitive relationship network in Fig. 7c shows
demonstration as having the most competition linkages. Compe-
tition occurs not only between implementation, promotion and
regulation objectives, which primarily manifests through demon-
stration, but also within each category. The competition
coefficients quantify inhibitory effect strengths. The financial
support-demonstration coefficient implies relatively weak com-
petition. However, infrastructure exerts the strongest inhibition
on demonstration, indicating infrastructure’s superior competi-
tive position.

In summary, the main characteristics of the YRD region are the
high intrinsic potential of demonstration and its complex
relationships with other objectives. However, this complex
dynamic calls for enhanced coordination. Leveraging the
competitive position of infrastructure and effectively managing
internal tensions can lead to more balanced and synergistic policy
outcomes.

Within each region, policy objectives interact through complex
dynamics of cooperation, competition, and predation. These
interactions reveal the intricate nature of policy implementation.
The main mechanism of the BTH region is characterized by a
balanced and integrated approach to NEV policy development.
This mechanism features a relatively even distribution of focus
across infrastructure, environmental protection, and industrial
management, reflecting the region’s unique position as China’s
capital area. The policy interaction network shows a balanced
distribution of cooperation, competition, and predation relation-
ships, indicating a holistic approach to policy implementation.
This integrated approach allows for flexible responses to changing
conditions, potentially leading to stable and comprehensive NEV
industry development in the region.

In contrast, the GGF region exhibits distinctive character-
istics, including the high intrinsic growth of promotion
objectives, limited cooperation and intense competition,
particularly between financial support and production technol-
ogy. Financial support plays a central role, linking environ-
mental and industrial objectives. The region’s policy dynamics
are influenced by the geographical concentration of the NEV
industry in Guangzhou and Shenzhen, and the effectiveness of
promotion policies. These interactions potentially impact NEV
industry development through rapid market growth, but may

Fig. 6 The relationship network of objectives in Guangdong-Guangxi-
Fujian region. a Cooperation network with bidirectional links. b Predation
network with dashed arrows from prey to predator. c Competition network
with solid arrows between competing objectives.
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lead to imbalances between adoption rates and infrastructure or
technological development. Effectively managing these tensions
will be crucial for achieving balanced and synergistic
development.

The YRD region’s NEV policy mechanisms exhibit a complex
interplay of objectives, characterized by limited cooperation and
intense competition. Demonstration serves as the core of the
cooperative network, while also having the most competitive
linkages, reflecting the government’s emphasis on promoting
NEV adoption. Infrastructure’s dominant role, particularly its
inhibition of demonstration and environmental protection,
suggests a prioritization of physical development over other
aspects. These interactions may accelerate NEV adoption but
risks creating imbalances and sustainability challenges in the
industry’s development.

These variations in intraregional mechanisms underscore the
need for tailored policy strategies and leverage the unique
strengths of each region. Policymakers should consider these
distinct patterns when formulating and implementing NEV
policies.

Conclusions
Promoting NEV is an important solution for China to address
environmental deterioration and energy shortage, thus having
received substantial government support. Through the analysis of
NEV policies and their relationships of competition and coop-
eration, it is evident that the three key regions have allocated
resources reasonably according to their respective resource
endowments. The interactions among policy objectives for NEVs
exhibit a dynamic interplay of competition and suppression.
Increasing the focus on one objective further constrains the
growth potential of others. The LV model used in this study
enables quantitative analysis of NEV policies, providing a holistic
perspective for effectively analyzing all policy documents and
ensuring objectivity. By applying LDA to 857 local NEV policies,
six key policy objectives were identified, and the LV model
quantified competitive and cooperative relationships among the
objectives within the regions. Similarities and differences in
objective interactions were examined for each region. The main
conclusions are:

(1) Infrastructure holds a distinct advantage across regions.
Insufficient charging stations can increase consumer anxiety and
impede NEV sales, while infrastructure policies can alleviate such
concerns. Additionally, due to the positive externalities of infra-
structure development, manufacturers lack incentives to build
NEV charging networks independently. Thus, infrastructure
policies play a crucial role in cultivating the NEV market and
occupy a dominant position within the entire NEV policy system.

(2) Regarding the relationship among policy objectives, coop-
eration is stronger in BTH region, while competition is more
common in both GGF and YRD regions. In BTH region, financial
support and demonstration primarily contribute to the develop-
ment of other policy objectives through cooperation. In GGF
region, competition is mainly concentrated between imple-
mentation and promotional objectives, especially concerning
infrastructure. The NEV industry chain is complex, and enter-
prises gain competitive advantages by specializing in certain
segments, leading to intense competition along the value chain.

(3) Regional disparities exist in the advantageous objectives
apart from infrastructure across the three regions. Regulatory
objectives, especially environmental protection hold a dominant
position in BTH region. The GGF region has certain advantages
in implementation objectives, while promotional objectives are
more prominent in the YRD region. In the BTH region, both
industrial management and environmental protection contribute
to cultivating the NEV market due to charging infrastructure and
air pollution challenges. The GGF region has seen rapid devel-
opment in supporting industries for NEVs, such as local battery
enterprises and integration of core components. The compre-
hensive deployment of charging stations is attributed to the
strong support from the government through implementation
policies in the GGF region. The YRD region has a well-
established industrial chain and supporting facilities, and con-
sumer demand has become the main driving force for NEV
adoption.

While the overall competition and cooperation framework
likely applies nationwide, specific dynamics may vary regionally.
Western regions like Qinghai and Gansu may prioritize infra-
structure due to challenging terrain, with environmental protec-
tion gaining importance. Central regions such as Hubei and
Hunan might balance implementation and promotion objectives,
emphasizing industrial management in manufacturing-strong
areas. Southwestern regions like Guizhou and Yunnan may focus
on infrastructure and environmental protection, with demon-
stration projects driving adoption in remote areas. Across regions,
infrastructure remains crucial, but its dominance varies with
development levels. Environmental protection may gain

Fig. 7 The relationship network of objectives in Yangtze-River-Delta
region. a Cooperation network with bidirectional links. b Predation network
with dashed arrows from prey to predator. c Competition network with
solid arrows between competing objectives.
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prominence in polluted or ecologically significant areas. Com-
petition network complexity likely correlates with economic
development and industrial diversification. Regions with strong
automotive or high-tech industries may emphasize production
technology, while less developed regions might focus on financial
support and demonstration objectives. These extrapolations
highlight the need for region-specific NEV policy approaches.
Tailored strategies considering local conditions while aligning
with national goals would enable more effective NEV promotion,
contributing to sustainable transportation and environmental
protection objectives.

Based on this study and insights from related research,
emphasizing regional policy customization and a balanced policy
portfolio (Sun et al, 2023a; 2023b), there are some suggestions for
NEV policy development. Firstly, tailored NEV policies to
regional characteristics is needed. Regions with strong industrial
bases should focus on cleaner production standards and infra-
structure development, while those with advanced service sectors
could emphasize consumer-oriented policies and demonstration
projects. This approach allows each region to leverage its
strengths and address specific challenges in NEV development.
Secondly, a balanced and dynamic policy mix is suggested,
comprising subsidies, tax incentives, and technological support.
This balanced approach could optimize economic growth, carbon
emission reduction, and social welfare simultaneously in the NEV
sector. Lastly, the interregional learning and collaboration is
advocated to leverage regional specializations. Regions excelling
in financial support could partner with those strong in techno-
logical innovation or infrastructure development. Such colla-
boration would facilitate knowledge transfer, resource sharing,
and the creation of a more integrated national NEV ecosystem.
This interregional cooperation could lead to more efficient
national NEV development strategies.

There are several limitations should be considered. This study
focuses on the key regions that findings may not be directly
applicable to other regions. It primarily analyzes the policy
documents without considering the policy implementation and
real-world impacts. Moreover, the correlation of interregional
policy objectives is not quantified. In our future work, it is needed
to extend this framework to other regions with diverse economic
and geographical characteristics. More granular data on policy
implementation outcomes or feedback from policy beneficiaries
will be incorporated into the analysis. A quantitative framework
will be developed for interregional policy comparisons, offering a
more comprehensive understanding of NEV policy dynamics.

Data availability
Data will be made available on request.
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