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Abstract: Air pollution, particularly fine particulate matter (PM2.5), poses a critical threat to 

public health globally. With vehicle emissions being a major contributor to air pollution, the 

adoption of new energy vehicles (NEVs) presents a potential solution for mitigating urban air 

quality issues. This study focuses on China, a country grappling with severe PM2.5 pollution, 

and explores the relationship between NEV adoption levels and PM2.5 concentration. The 

research employs Regression Analysis, Time Series Analysis, and Panel Data Models to 

analyze data from four Chinese cities: Shanghai, Dalian, Shenzhen, and Chongqing, 

representing diverse geographical and industrial characteristics. The study reveals a 

multifaceted scenario where NEVs exhibit both promise and challenges in reducing air 

pollution. By integrating insights from literature review, statistical analysis, and contextual 

factors, this research contributes to the understanding of the effectiveness of NEV adoption 

for enhancing air quality and promoting sustainable urban development. 

Keywords: China, New Energy Vehicles, PM2.5 Concentration, Urban Air Quality, 

Regression Analysis 

1. Introduction 

In recent decades, the escalating concern over air pollution has reached new heights. According to 

Fuller and his associates [1], the global toll of air pollution-related fatalities exceeds 6.5 million 

annually. Among the key culprits, particulate matter (PM), a combination of sulfates, nitrates, carbon, 

and mineral dust, plays a pivotal role. Notably, PM2.5, the finer particulate matter measuring ≤ 2.5 

micrometers, can deeply infiltrate lung tissue, giving rise to severe health complications [2]. Amidst 

the various contributors to this predicament, vehicle emissions stand out as the primary originators of 

anthropogenic air pollution [3]. In response, governmental bodies and industries worldwide are 

increasingly shifting towards new energy vehicles (NEVs). Unlike their conventional fuel 

counterparts, NEVs offer the advantage of zero exhaust emissions and reduced PM discharge, thereby 

offering a hopeful avenue for tackling the repercussions of vehicle emissions [4]. 
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1.1. Air Pollution Severity in China 

China, as the world’s largest automotive market and one of the major contributors to carbon 

emissions, has been one of the most severe PM2.5-dominated air pollution countries. According to 

the Beijing Municipal Ecology and Environment Bureau (BMEEB) report in 2021, motor vehicles 

and other mobile sources are responsible for up to 46% of local PM2.5 emissions [5]. This alarming 

statistic underscores the pressing need to investigate and address the impact of the transportation 

sector on PM2.5 pollution. 

1.2. The Prosperity of NEVs in China 

In response to environmental concerns, China emphasizes adopting NEVs, particularly electric 

vehicles (EVs), to combat air pollution. The government prioritizes effective measures, focusing on 

promoting EVs through infrastructure, policies, and supply encouragement [6]. This approach reflects 

China's commitment to sustainable transportation, reducing the auto sector's environmental impact 

for a greener future. However, it is essential to acknowledge that while new energy vehicles present 

a promising path toward cleaner transportation, they are not entirely devoid of environmental damage. 

Research conducted by Wang and his colleagues reveals that NEVs’ braking and tire wear contribute 

30 percent of PM2.5 emissions, while exhaust emissions from gasoline and diesel vehicles constitute 

19 percent [7]. This paradoxical scenario demands a comprehensive examination to ascertain the 

efficiency of NEV adoption and the intricate relationship between NEV proliferation and air 

pollution.  

1.3. Research Objectives and Methods 

To address this paradox, our research utilizes Regression Analysis, Time Series Analysis, and Panel 

Data Models. We first employ regression to uncover the link between NEV adoption and PM2.5 

emissions in representative cities since policy implementation. Subsequently, Panel Data Models 

summarize the nationwide relationship between these variables. 

We leverage diverse traffic and air datasets, including daily PM2.5 emissions from the Ecological 

Environment Bureau, NEV inventory data, market share, and charging infrastructure information. 

These datasets elucidate variable relationships. 

Our primary objective is to analyze China's NEV adoption's correlation with air quality. By doing 

so, we contribute to combating climate change and fostering a greener future. While extensive 

literature explores NEV adoption's impact globally, our research specifically examines the emerging 

NEV industry's effect on PM2.5 in China—a nation grappling with PM2.5 pollution and recent NEV 

development. Our insights offer a valuable gauge of e-mobility's efficacy for sustainable development 

in China. 

The remainder of this proposal is structured as follows: Section 2 offers a deeper insight into 

several interconnected literature strands. In Section 3, a conceptual framework explains our research 

rationale, mathematical formula, and confounding factors. Section 4 presents data sources and 

summary statistics, while Section 5 outlines our employed methodologies. The conclusion in Section 

6 outlines the next steps in our research plan. 

2. Literature Review 

New energy vehicles (NEVs) present the possibility of concurrent advantages for air quality 

improvement and addressing climate change. Hence, China has implemented policies incentivizing 

the use of new energy vehicles. Academic studies pertaining to electric vehicles have experienced a 

substantial surge in the present decade. We conducted a systematic exploration on Google Scholar, 
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utilizing the subsequent keywords: “new energy vehicles," "environment," "air pollution," and "air 

quality. " No specific time limits were placed on the publication years of the studies, although we 

have a preference for citing more recent ones. 

The existing body of literature encompasses diverse methodologies for model development and 

data analysis, highlighting China's unique policy frameworks and ecosystems. Acknowledging the 

nonlinear nature of air pollution chemistry, it remains uncertain to what degree NEVs could offer 

mitigation, particularly in severe air pollution events. Therefore, much remains unknown with regard 

to NEVs’ mitigation potential. After comparing various models discussed in the literature, we have 

determined that our study will employ time series analysis, regression analysis, and panel data 

modeling to investigate the relationship between PM2.5 levels and the proportion of NEV in four 

distinct Chinese cities over the period spanning from 2015 to 2022. 

2.1. Impacts of air quality on human health 

Air quality exerts a significant impact on human health. Bernstein and his colleagues found that 

outdoor pollutants, whether in gaseous or particulate form, can potentially exacerbate or intensify the 

underlying pathophysiological conditions affecting the upper and lower airways [8]. To combat air 

pollution, the main contribution must be found first. As mentioned in the introduction part 3, mobile 

sources account for 46% of local emissions in Beijing [9]. Promoting NEV cars is the best approach 

to improving local air quality.  

2.2. EV car adoption and air quality 

Cities in China have suffered from severe air pollution due to the fast industrialization and spread of 

private cars. Therefore, the Chinese government has launched many policies to reduce carbon 

emissions from cars and improve air quality. For example, Hu and other scholars stated that Shanghai 

commenced the issuance of license plates for private vehicles through auctions in 1994 [10]. Also, 

During the 2008 Olympic Games, Beijing implemented driving restrictions. Vehicles were allowed 

to drive every other day. People end up buying two cars with different plate numbers so that they 

always have one vehicle available at hand. In the long run, only restrictions will not change the status 

quo and improve the air quality.  

The adoption of NEV cars can reduce traffic-related emissions more effectively. For example, in 

one research by John Brady in 2011, Brady and his colleagues assessed the possible decrease in 

emissions from road traffic associated with commuting in the Greater Dublin Area, considering 

various scenarios of electric vehicle market penetration. Results showed that an additional 8% 

decrease is evident for both PM2.5 and PM10 pollutants [11]. Our aim is to use a similar principle, 

as Brady and his co-workers did, to evaluate the effectiveness of NEV car adoption in cities in China. 

Our findings are important for understanding the potential effects of NEV on air quality and can 

provide useful information to local governments for use in air pollution control strategies.  

2.3. Method 

First, we choose PM2.5 as an indicator of air quality based on the analysis of past research on the 

short-term effects of PM2.5 and PM10. N.A.H. Janssen et al. found that the strong correlation (R = 

0.95) between PM10 and PM2.5 concentrations arises from the shared emission sources, primarily 

mobile sources and agricultural activities. This significant correlation between the two particulate 

measures could pose challenges when attempting to decipher the distinct contributions of these 

fractions in subsequent statistical investigations [12]. Therefore, to avoid repetitiveness in our 

research, we decided to include the concentration of PM 2.5 as the only air quality indicator. 
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In addition, models of past research provided us with useful insights about choosing the most 

suitable analysis method. For example, Brady et al. and Hu et al. used the COPERT model to simulate 

the reduction effects under different scenarios. This is the most commonly used model and has mature, 

standardized methods. This is a good model because it is comprehensive.  COPERT Model can be 

easily adapted to most regions and countries, no matter what geographical contexts it has. This benefit 

is good for our research because we are also analyzing four cities in China that are different. In 

contrast, Yu et al. used a different model called the CALPUFF dispersion model [13]. This is a 

relatively complex model and requires detailed emission inventories, land-use data, and 

meteorological information. Therefore, we do not plan to use these two models in our own research. 

However, we can use this model to improve the accuracy of our research results if we can obtain a 

larger data sample in the future. 

Past research reminded us of the importance of comparing the air quality of different cities and 

regions. Both Li et al. and Liu et al. choose different cities and regions to compare the reduction of 

CO2 and PM2.5. Nan Li et al.’s research showed that significant decreases were more likely to happen 

during periods and locations with elevated ambient concentrations and in instances of heightened 

pollution events [14]. By analyzing the trends of various Chinese cities that have huge differences 

from each other, we can get a more general conclusion about our research topic. Therefore, our 

research should not only analyze the trend in Shanghai but also include other types of cities in China, 

including Dalian in northern China, Chongqing in central China, and Shenzhen in southern China.  

2.4. Objections 

In contrast, there is undeniable evidence regarding the significant environmental consequences of 

non-exhaust emissions. Some researchers argue that the heavy mass of battery in NEV cars accelerate 

tire aging. Tire wear contributes to air quality degradation by releasing particulate matter, specifically 

microplastics and airborne particles, into the atmosphere. Air quality assessments across Europe have 

indicated that the combined contribution of non-exhaust emissions (from tire wear and resuspension) 

to PM10 is comparable to that of tailpipe emissions. Undoubtedly, substantial quantities of TRWP 

(Tire and road wear particles) are released into the environment yearly [15]. In addition, Ketzel and 

other colleagues estimated that in various European countries, a significant portion (approximately 

50–85%, depending on the location) of the total PM10 emissions from traffic is attributed to non-

exhaust sources. Furthermore, the absence of measures to control non-exhaust emissions has resulted 

in their growing contribution to the overall PM air quality in these regions. Nevertheless, the extent 

of ecotoxicological effects remains unclear because most research studies have utilized artificially 

generated tire wear particles, which differ from real-world TRWP [16]. In just a single study, a 

toxicological threshold value was established (NOAEC: 112 μg/m3 for respirable TRWP). According 

to the findings from this risk assessment, the potential risk for human health, particularly in relation 

to cardiopulmonary effects, is considered to be low [17]. 

2.5. Creativity and uniqueness of our research  

First of all, four cities situated in diverse geological locations and characterized by varying degrees 

of industrialization have been chosen for the research to minimize the influence of additional 

variables that affect urban air quality. These cities—Shanghai, Dalian, Shenzhen, and Chongqing—

exhibit contrasting levels of industrialization, population size, energy-resource compositions, and 

geological settings. If the study outcomes reveal a consistent pattern among these four cities when 

investigating the connection between the adoption of NEVs and urban air quality, it becomes 

reasonable to infer that the enhancement of air quality is predominantly attributed to the adoption of 

NEVs. Also, the study uses the most up-to-date data to ensure congruence with the substantial 
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advancements in New Energy Vehicles (NEVs). Finally, we utilize PM2.5 as the singular air quality 

indicator to streamline the model while maintaining the validity of the conclusion. 

3. Conceptual Framework 

The research is based on the theory that increased adoption of NEVs can lead to reduced emissions 

of air pollutants, particularly PM2.5, due to the lower emissions associated with new energy vehicles 

compared to conventional internal combustion engine vehicles.  

3.1. Significance of Investigating Transportation 

 

Figure 1: Sources of Atmospheric PM2.5 in Beijing.  

PM2.5 is primarily generated by anthropogenic activities, including industrial processes, residential 

heating, and transportation emissions. Among these sources, the transportation sector significantly 

contributes to PM2.5 levels, releasing particulate matter, nitrogen oxides (NOx), and volatile organic 

compounds (VOCs) through fossil fuel combustion. As depicted in Figure 1, nearly 60% of the major 

sources of PM2.5 in Beijing in 2021 were attributed to local emissions, with the transportation sector 

accounting for a substantial 46% share.  

Therefore, the investigation of transportation is important in the context of PM2.5 reduction. Urban 

road traffic, in particular, is a prominent source of PM2.5 in urban areas, and the escalating number 

of vehicles has exacerbated air pollution challenges. By exploring the impact of China's new energy 

vehicle adoption on urban air quality, this research unveils the potential of electric mobility in 

mitigating transportation-related PM2.5 emissions. 

3.2. The Effect of NEV Adoption on Air Pollution: 

We plan to utilize a simple linear regression model. Our analysis posits that PM2.5 annual average 

concentration Yit in the given city i during year t can be expressed as: 

 𝑌𝑖𝑡 = 𝑏𝑋𝑖𝑡 + 𝑎… (1) 

Xit

 

represents the extent of NEV adoption, specifically, the growth rate of the market share 

occupied by new energy vehicles. “a” is the sum impact of other influential elements. The parameter 

“b” delineates the slope of the line, which is the sought-after value, and is theoretically calculated as:  
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 𝑏 =
𝛴(𝑋−𝑋)−(𝑌−𝑌)

𝛴(𝑋−𝑋)2
… (2) 

3.3. Navigating Potential Confounding Factor: 

a. Weather Conditions: While weather can influence short-term variations in PM2.5 levels, this 

research focuses on annual average concentrations. As such, weather conditions within a year would 

not be a confounding variable. Moreover, any weather-related variations will be appropriately 

accounted for in the statistical analysis. 

b. Industrial Emissions: Although industrial emissions significantly contribute to PM2.5 pollution, 

their influence is more pronounced in suburban areas and is not a primary concern for our 

investigation of urban air quality.  

c. Residential Heating: Residential heating is considered the second largest source of PM2.5 

pollution, accounting for 16 percent of emissions. However, its contribution to PM2.5 emissions is 

relatively continuous and stable and will not have a great impact on the relationship we want to find. 

d. Other Sources: The remaining sources, such as dust generation and coal combustion, are not 

considered confounding factors in this study due to their stable nature during the period under 

investigation. No significant changes, controls, or policies were implemented that would alter their 

contributions to urban air quality. Consequently, the impact of these sources on the relationship 

between NEV adoption and urban air quality is expected to be minimal. It will not significantly affect 

the primary focus of our research. 

In summary, the potential influencers listed above are unlikely to exert a significant impact on our 

study. Nonetheless, we will diligently account for them within our formula, as symbolized by "a" in 

the regression equation, while considering other factors such as humidity, wind speeds, and 

temperature. Our ongoing research will uncover more refined quantitative methods to calculate the 

influencing factors. 

4. Data 

Our research methodology is unfolding in a meticulously planned tripartite sequence. We aim to 

investigate the relationship between China's new energy vehicle (NEV) adoption and its effects on 

air quality, with a specific focus on PM2.5 levels in four prominent cities: Shanghai, Shenzhen, 

Chongqing, and Dalian.  

Presently, we amass data from Shanghai as an illustrative case and subsequently engage in 

comprehensive analysis, as shown in Table 1. It is embarking on the comprehensive collection of 

requisite data pertaining to the proportion of NEV adoption and concurrent air quality metrics in 

Shanghai from 2015 to 2022. As a bedrock of empirical inquiry, we are drawing upon authoritative 

sources, including the Shanghai Environmental Protection Bureau (SEPB) and the esteemed Shanghai 

Statistical Yearbook (SSY), renowned repositories that underpin the foundation of our investigation. 

Also, we initiate email correspondence with the National Environmental Protection Bureau or 

pertinent organizations to facilitate the acquisition of the requisite meteorological data. 

There are two reasons for selecting these four cities as research samples. First is data accessibility 

and availability. These cities are major economic and technological hubs, likely having well-

developed data collection systems and government databases. Access to comprehensive and reliable 

data on EV sales, charging infrastructure, consumer preferences, and policy impacts is crucial for 

accurate market analysis and informed decision-making. Second is the diversity of cities. Shanghai, 

Shenzhen, Chongqing, and Dalian represent a diverse range of urban landscapes, socio-economic 

conditions, and demographic profiles. Studying these cities allows examining how different 

populations and urban structures interact with and adopt EV technology. This diversity provides 

valuable insights into the potential scalability and adaptability of EV adoption strategies across a 
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spectrum of city types within China.  

We are traversing the terrain of statistical analysis, endeavoring to unearth the inherent correlation 

between the two variables—NEV adoption proportion and air quality. This pivotal phase of our 

research calls upon the judicious application of statistical tools, particularly Pearson's correlation 

coefficient, to quantify and delineate the relationship underpinning these intricate dynamics.  

The culmination of our research expedition is unfolding through the discerning lens of correlation 

evaluation and causal inference. Within this ambit, we meticulously scrutinize the established 

correlation, mindful that correlation does not imply causation. Our scholarly commitment is 

propelling us to traverse beyond mere statistics. Drawing insights from established research, 

including contributions from the China Automotive Energy Research Center (CAERC) and the 

deliberations of environmental NGOs such as Greenpeace (Greenpeace), we aim to unfurl plausible 

reasons underpinning the observed correlation. This deliberation encapsulates multifarious factors, 

encompassing governmental policies, socio-economic influences, and technological trajectories.  

Table 1: Data on PM2.5 Concentration (μg/m³), EV Car Sales, and EV Car Market Share (%) in 

Shanghai from 2015-2022.  

Year 

PM2.5 Concentration 

(μg/m³) 

EV Car 

Sales 

EV Car Market Share 

(%) 

2015 54 4.43 1.3 

2016 45 4.51 1.4 

2017 39 6.13 1.7 

2018 36 24 4.7 

2019 35 30 7.2 

2020 32 42.4 9.6 

2021 27 67.7 15.2 

2022 25 94.5 19.81 

5. Method 

5.1. Brief Introduction 

In this section, we delineate the methodology employed to investigate the correlation between the 

adoption level of NEV and PM2.5 concentration. We leverage three analytical approaches: time series 

analysis, regression analysis, and panel data modeling. Our analysis posits that the annual average 

PM2.5 concentration, denoted as Yit, in a specific city i during year t is influenced by the extent of 

NEV adoption, represented by the growth rate of the market share occupied by NEV (Xit). The 

relationship is postulated as follows: 

 𝑌𝑖𝑡 = 𝑏𝑋𝑖𝑡 + 𝑎… (3) 

Where Yit represents the PM2.5 annual concentration in city i during year t. Xit signifies the extent 

of NEV adoption, specifically the NEV car sales and the rate of NEV car market share. "a" represents 

the combined impact of other influential elements. "b" denotes the slope of the relationship, a value 
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of particular interest. We will detail the steps of our research using the following methodologies: time 

series analysis, regression analysis, and panel data modeling. 

5.2. Time Series Analysis 

Time series analysis enables us to uncover temporal patterns and trends within the dataset. We will 

collect longitudinal data on NEV adoption levels and PM2.5 concentrations from 2015 to 2022 in 

multiple Chinese cities. Our time series analysis examines the trends and periodicity in both variables. 

By applying statistical techniques such as decomposition, autocorrelation, and moving averages, we 

aim to identify any inherent patterns and variations within the time series data. 

5.3. Regression Analysis 

Regression analysis is a fundamental tool to examine the relationship between variables. In our study, 

we will perform regression analysis to quantify the relationship between NEV adoption levels and 

PM2.5 concentrations. The regression equation is expressed as Yit = bXit + a. We will use statistical 

software to estimate the values of "a" and "b" based on the collected data. The coefficient "b" signifies 

the magnitude and direction of the impact of NEV adoption on PM2.5 concentrations, while "a" 

represents the intercept, accounting for other influential factors. 

5.4. Panel Data Modeling 

Considering the inherent variability across different regions, panel data modeling is employed to 

account for unobserved heterogeneity. We will assemble a panel dataset, including cross-sectional 

data from multiple cities over the years. This approach allows us to control for time-invariant and 

city-specific effects that could influence the relationship between NEV adoption and PM2.5 

concentrations. By utilizing advanced panel data techniques such as fixed-effects and random-effects 

models, we aim to provide a comprehensive estimation of the impact of NEV adoption on PM2.5 

concentrations while accounting for regional disparities. 

5.5. Summary and Charts 

Our research employs time series analysis, regression analysis, and panel data modeling to investigate 

the relationship between NEV adoption and PM2.5 concentrations. By employing these 

methodologies, we aim to elucidate the intricate interplay between these variables and contribute 

substantiated insights to the ongoing discourse on sustainable transportation policies and 

environmental quality improvement. Figure 2 shows the simple linear relationship between EV car 

sales and PM2.5 concentration in Shanghai in recent years. Figure 3 shows the simple linear 

relationship between the EV car market shares and PM2.5 concentration in Shanghai in recent years. 
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Figure 2: Simple Linear Regression of EV car sales and PM2.5 Concentration (μg/m³) in Shanghai 

from 2015-2022.  

 

Figure 3: Linear Regression of EV Car Market Share (%) and PM2.5 Concentration (μg/m³) in 

Shanghai from 2015-2022.  

6. Conclusion  

Our research investigates the connection between the adoption level of new energy vehicles (NEVs) 

and PM2.5 concentration. Through this exploration, we aim to provide evidence-based perspectives 

on the impact of electric vehicle adoption in mitigating climate change and enhancing air quality 

within four prominent Chinese cities. This analysis holds the potential to guide policymakers in 

formulating novel strategies for NEV adoption, thereby contributing to addressing climate change 

and fostering a greener societal framework. 

We extensively examined the existing body of literature concerning the air quality and public 

health benefits associated with new energy vehicles. Our approach involved the organization and 

evaluation of this literature, combining qualitative and quantitative evidence. Employing techniques 

such as time series analysis, regression analysis, and panel data modeling, we investigated the 

relationship between PM2.5 levels and the proportion of new energy vehicles from 2010 to 2020 
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across four diverse cities in China. Initially, we gathered PM2.5 concentration data from reports 

published by the Municipal Ecology and Environment Bureau. Subsequently, PM2.5 was chosen as 

the exclusive indicator of air quality. By conducting regression analysis between these two datasets, 

we derived projections indicating the evolving efficacy of NEV adoption in mitigating climate change. 

The data analysis findings for Shanghai revealed a notably strong positive correlation between PM2.5 

concentration and the market share of NEV cars (R=0.97). Similar correlations were also expected to 

be observed in the study outcomes for Dalian, Shenzhen, and Chongqing. 

One potential limitation of our study is the absence of an examination of the influence of other 

meteorological conditions that could impact air quality. For instance, humidity, wind speeds, and 

temperature stand as crucial factors in air quality determination. It's worth noting that various factors 

beyond the adoption of NEV cars could give rise to notable fluctuations in PM2.5 concentration. 

Given the availability of more reliable and high-quality data in the future, it would be prudent to 

refine our model in alignment with the COPERT model. This enhancement would facilitate a more 

comprehensive analysis by incorporating additional meteorological factors. 
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