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Background: In China, the transportation sector is the main energy consumer and the main source of carbon emissions. Reducing carbon emissions in the transportation sector is an important goal for China, especially during the current period of economic development. Due to the impact of pandemic shocks, the rapid development of green finance is conducive to supporting the transportation sector in achieving a carbon peak. Thus, we examined whether the development of green finance is still effective under the impact of a pandemic and the actual effect of green finance on the reduction of carbon emissions.
Methods: In this study, we searched the internet for consumption structure data of vehicles and green finance indices of 30 Chinese provinces and cities from 2016 to 2021. A regression discontinuity model was constructed to test the effect of pandemic shock and green finance development on the reduction of transportation energy carbon emissions.
Results: The results show that the impact of the COVID-19 pandemic has helped people change their preference toward more energy-efficient vehicles and reduce carbon emissions in the transportation sector. Green finance can effectively contribute to the reduction of transportation energy carbon emissions; however, the overall mitigation effect is limited.
Conclusion: The empirical evidence is not only helpful in assessing the long-term impact of the COVID-19 pandemic but also conducive to the appropriate establishment of policy tools for supporting green finance development, which is further conducive to reducing carbon emissions in the transportation sector.
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1 INTRODUCTION
Global warming has contributed to the melting of Arctic ice and disease outbreaks in various countries. According to the report “Climate Change 2022: Mitigating Climate Change” released by the United Nations Intergovernmental Panel on Climate Change (IPCC), the average annual global greenhouse gas emissions in 2019 hit a record high of 59 billion tons. If the earth’s temperature rises 1.5°C above pre-industrial levels, humans, natural systems, and biodiversity will face additional serious risks. The transportation sector is the main energy consumption and CO2 emission sector in China; therefore, it is important to study the driving factors of low-carbon technological development and low-carbon fuel replacement to achieve carbon peak and carbon neutrality goals1.
A sound and reliable transportation system is important for a province. The transportation sector is not only important to support the economic development of the province but is also the main source of citizen welfare improvement. However, the carbon emissions associated with transportation systems cannot be underestimated, and a sound green and low-carbon transportation system is important for China to achieve its carbon emission reduction goals. The reduction of carbon emissions depends on the development of different modes of transportation, the energy efficiency of vehicles, and the substitution level of low-carbon fuels. Transport vehicles are the main driver of carbon emissions in the transportation sector, and improvement in the energy efficiency of transport vehicles and the substitution of low-carbon fuels will contribute significantly to the reduction of carbon emissions (Wang and He, 2018). As private automobile consumption continues to grow, automobile energy consumption will become one of the biggest contributors to China’s carbon emissions in the transportation sector and may even be a factor in the carbon peak. Therefore, the improvement of energy efficiency and increasing low-carbon fuel use are crucial factors for reducing transportation energy consumption and carbon emissions. For example, in the city of Xi‘an, the carbon emissions from private cars of Chinese citizens are the highest in the urban transportation system (Li et al., 2017), while the carbon dioxide emissions of electric cars can be 10–26 times lower than those of fuel cars, even though carbon dioxide emissions in the process of energy production are very high. With the introduction of electric cars, annual carbon emissions have also significantly reduced (Teixeira and Sodré, 2018). Evidently, the consumption substitution of new energy vehicles is important for implementing the reduction of carbon emissions in the transportation sector.
It will not be easy to convert the potential demand for new energy vehicles into actual consumption; higher perceived risks and costs and lower perceived benefits are the main obstacles to consumer acceptance of new energy vehicles (Huijts et al., 2012; Wang and Wang, 2013). In particular, the COVID-19 pandemic possibly contributed to the uncertainty of the new-energy vehicle industry. Consequently, the National Development and Reform Commission and 10 other departments jointly issued the Smart Vehicle Innovation and Development Strategy (FGY [2020] No. 202), confirming that new-energy vehicles have become the strategic direction of China’s automobile industry development. Simultaneously, the China Banking and Insurance Regulatory Commission (CBRC) issued a notice on further improving the financial services for epidemic prevention and control (CBRC Issue No. 15 [2020]), which requires financial institutions to improve the efficiency of online services and enhance their ability to serve the real economy. Furthermore, the relevant support policies for the development of the new-energy industry (hereafter, referred to as the new-energy industry support policy) occurred at the same time as the outbreak of COVID-19.
Has China achieved a reduction in carbon emissions in the transportation sector? Three years have passed since the outbreak of the pandemic, which provided us with an opportunity to study this issue. Logically, if the new-energy industry support policies dealing with the impact of the pandemic are effective, the pandemic will increase the dependence on new-energy vehicles for Chinese consumers and replace traditional-energy vehicles. Therefore, we can examine the impact of the pandemic on the automobile energy consumption structure to study the path of reducing China’s transport energy carbon emissions.
Green finance (GF) refers to economic activities that support environmental improvement, climate change response, resource conservation, and efficient utilization. Green finance includes financial services provided for project investments, financing, project operations, and risk management in the fields of environmental protection, energy conservation, clean energy, green transportation, and green buildings. Most importantly, green finance promotes environmental protection and governance and direct resources from industries with high pollution and energy consumption to sectors with advanced concepts and technologies. China attaches great importance to the development of green finance, which has not only decreased the cost of green industry services, expanded service boundaries, and improved service quality (Demir et al., 2022), but also changed green financial service consumer behavior, increased financial availability, and promoted the popularization effect, such as poverty reduction (Siddik and Kabiraj, 2020).
Green finance has also reduced carbon emissions (Jiang et al., 2020). Specifically, from the perspective of consumption, green financial development can encourage consumers to buy clean energy or low-energy technological products, resulting in a decrease in energy consumption. From the perspective of production, green financial development reduces the risk of financial innovation, helps producers increase investment expenditure on advanced production technologies, and promotes technological progress. Thus, backward production with high energy consumption and high emissions is eventually replaced by clean technology.
In addition, financial development can also promote capital flow to low-carbon enterprises, with high energy and resource allocation efficiencies, thereby reducing energy consumption (Ge et al., 2018; Su and Lian, 2018). With the strengthening of policy support, green finance shows great potential in promoting the win–win results of “economy” and “environment” (Wang et al., 2019). One key to green finance is promoting transportation fuel substitution and low-carbon technology innovations to reduce the cost of project technology identification, supervision, and financing. Reducing carbon emissions in the transportation sector relies on low-carbon energy substitution and cannot be achieved without a balanced flow of financial resources between regions and industries. Financial services for green industries must be innovative, oriented, and liquidated, which is the core value of green finance (Li and Hu, 2014).
However, many questions remain to be answered, such as whether the development of green finance contributes to the reduction of carbon emissions in transportation energy. This study examined whether the development of green finance is still effective under the impact of a pandemic, and the actual effect of green finance on the reduction of carbon emissions. As the development of the new-energy vehicle industry plays an important role in solving the carbon emission problem of China’s transportation sector, research on the aforementioned issues is conducive to objectively evaluating the effect of the pandemic and green finance on transportation energy carbon emissions. Our study also has important practical significance for formulating green financial support policies to help the transport sector actualize low-carbon transformation and achieve carbon emission reduction goals.
Our research has the following three main contributions. First, the carbon emission coefficient has been widely used in previous studies to calculate the carbon emission index of transportation energy, which cannot directly reflect the transformation of low-carbon consumption (Ma et al., 2019; Zeng et al., 2020). Therefore, this study used the Python crawler method to capture the transaction volume of automobile terminals from July 2017 to June 2022 and attempted to explore the impact of the pandemic on China’s transportation carbon emissions innovatively from the proportion of traditional-energy vehicles to provide empirical data support for quantifying the economic impact of the pandemic. Second, the recognition assumption for the double-difference (DID) method is difficult to establish (Dong et al., 2021). Therefore, the regression discontinuity RD model was used to identify the causal relationship between the COVID-19 pandemic, green financial, and transportation energy carbon emissions. All of China’s provinces suffered from the COVID-19 pandemic to different degrees, and the DID method renders it more difficult to identify the assumption, whereas the RD method of identity assumes that it is easier to obtain satisfaction. Third, it has been pointed out that the pandemic can help transform the energy structure and reduce carbon dioxide emissions in the construction and power sectors (Xian et al., 2019; Hepburn et al., 2020; Wang J. et al., 2020). However, quantitative analyses focusing on the transport sector are lacking. This study supplements the relevant research on the impact of major public health events on the low-carbon transformation of China’s economy at the micro level. Moreover, it is novel to study the driving effect of the epidemic impact on carbon emission reduction based on the transportation sector.
2 LITERATURE REVIEW
2.1 COVID-19 pandemic shock, household income, and carbon emissions from transportation energy
In terms of different levels and degrees of satisfaction with residents’ lives, consumption can be divided into subsistence, developmental, and enjoyment consumption (Li and Pan, 2019). The main feature of subsistence consumption is that residents’ consumption expenditure is mainly used for food, clothing, water, electricity, housing, etc., and the purchase of necessary grain, oil, food, and clothing to meet the basic needs for survival. From the mid-1980s to the mid-1990s, the “four major items” of Chinese residents’ consumption were upgraded to refrigerators, color television sets, washing machines, and recorders, indicating that Chinese residents’ consumption was upgraded from subsistence consumption to developmental consumption. In the late 1990s, the “four major items” of Chinese residents’ consumption were upgraded to durable consumer goods, such as air conditioners, computers, cars, and mobile phones, indicating that Chinese residents’ consumption has increased from development consumption to enjoyment consumption.
As an enjoyable consumer good, the consumption of traditional cars reflects the level of economic growth, while the environmental deterioration caused by fossil energy consumption is significant and even counteracts economic growth (Mele and Magazzino, 2020; Udemba et al., 2020; Magazzino and Mele, 2021). Currently, the types of transportation energy consumption represented by vehicles can be divided into traditional energy (such as gasoline) and new energy (such as electricity). In terms of reducing carbon emissions from transportation energy, new-energy vehicles are alternatives to fuel vehicles. New-energy vehicles refer to the use of unconventional vehicle fuel as the power source (or the use of conventional vehicle fuel combined with the use of new on-board power devices), integrated vehicle power control, advanced technology, the formation of advanced technical principles, new technology, and the structure of the vehicle.
Classical economic theories of consumer spending are abundant. The “Absolute Income Hypothesis” points out that consumer psychology and current disposable income are important factors in determining consumption (Keynes, 1936). The “Life Cycle Hypothesis” states that rational consumers will make decisions on consumption and saving throughout their lives based on their expected income, according to the principle of utility maximization. Therefore, consumer consumption depends not only on their current income but also on their life-cycle income (Modigliani and Brumberg, 1954). The “Permanent Income Hypothesis” observes that permanent income is an important factor that affects consumption. Consumers respond to lasting and stable income, but do not respond equally to all income changes (Friedman, 1957). The pandemic not only had a huge impact on the income of people working in multiple industries in the first quarter of 2020 but also greatly reduced the ability and willingness of the society to consume. The continued spread of the pandemic overseas, aggressive public health policies, and uncertainty regarding the pace of economic recovery have also had a significant impact on consumers’ future income expectations. Therefore, whether from an absolute income perspective, durable income perspective, or life-cycle perspective, the pandemic has had a dampening effect on current and future consumption.
According to “The Trend of Household Wealth Change in China Under the Pandemic—China Household Wealth Index Survey Report (Q1 2020),” the pandemic has hit low- and middle-income households harder. Specifically, according to the wage income index, the wage income of families with an annual income of more than 300,000 yuan has increased, whereas that of families with an annual income of less than 300,000 yuan has decreased. Compared with families with an annual income of 50,000–300,000 yuan, families with an annual income of 50,000 yuan or less have the largest reduction in wage income. The impact of the COVID-19 pandemic on China’s consumption is reflected in the fact that offline consumption for development and enjoyment suffered shock damage (Chen, 2020). In addition to daily necessities, the decline in medical care and communication equipment is relatively low. The expensive bulk-optional consumption, such as cars, home appliances, and furniture, declined significantly compared to the same period last year. Free-optional consumption, such as entertainment services, catering, tourism, and luxury goods, dropped significantly2.
2.2 COVID-19 pandemic shock, consumer psychology, and carbon emissions from transportation energy
In addition to reducing carbon emissions from transportation energy from the income path, the pandemic also exhibits a restraining effect on the consumer psychological path. To control the spread of the pandemic, China has formulated a series of proactive public health policies, such as sealing off high-risk areas, banning large-scale gatherings, and tracing close contacts. However, proactive pandemic prevention and control measures have had a great impact on the resumption of business and production. Due to the existence of the pandemic prevention and control policy, the spread of positive cases can cause logistical stagnation, restrict the movement of people, make it difficult for employees to return to work on time, and restrict the flow of raw materials and products, which can seriously affect the normal operation of the economy (Dong et al., 2021). To reduce the probability of contact with positive cases and the risk of being controlled and isolated, the demand for car consumption by households should be significantly higher in the long-term. This means that there is a significant uncertainty in China’s future transportation energy carbon emissions.
New-energy vehicles are more advanced, which cannot be achieved without chips or electronic control. Most new-energy vehicles have over-the-air (OTA) technology, which endows vehicles with continuous upgrades and evolution; this is the key to determining the degree of intelligence of vehicles. Moreover, compared with traditional-fuel vehicles, linear control is also more conducive to the realization of the Internet of Things, and new-energy vehicles are undoubtedly the best carriers of automobile intelligence (Wang K. et al., 2020). Furthermore, internet companies are also willing to take the initiative to join the wave of changes in the automotive industry. They are not only competitive but also teammates in the development of smart electric cars. This is conducive to accelerating the transformation and promoting the development of the intelligent electric vehicle industry. These developments reduce consumers’ perceived risks and costs of new-energy vehicles and increase their perceived benefits. Compared with other major markets, such as the United States and Germany, Chinese consumers have a higher awareness of automobile intelligence and a higher adoption rate of in-vehicle software and human–computer interaction functions3. Residents who buy energy vehicles mainly focus on energy savings, modeling, and functions. The current mature intelligent driving system, electrical platform, and updatable software meet these requirements, and the electrical architecture at the technical level will further improve the driving experience of new-energy vehicles. It has been observed that 54.1% of Chinese consumers’ plan to purchase a new-energy vehicle in 2022, which can significantly help reduce the level of carbon emissions from transportation energy4.
The reduction in an automobile consumption scale is temporary, and the transformation of the automobile energy consumption structure is the fundamental way to realize the reduction in carbon emissions in transportation energy. The formulation of a financial support policy for the new energy industry to cope with the impact of the pandemic will allow the society to have better online financial services to support its development of the new-energy industry. In particular, the existence of online consumption and supply chain finance makes consumers (or producers) more resistant to risks and weakens the external liquidity constraints formed by income shocks during epidemics (Li et al., 2022). If consumers can obtain loans in a timely and effective manner to smooth out their long-term consumption, their spending is not limited by the property they own and their current income (Zhao and Zhao, 2022). In particular, when online finance is linked with the consumption of new-energy vehicles, although it is necessary to take into account the possible large expenditures and income fluctuations in the future, online financial services make the cost of new-energy vehicle expenditures lower and reduce the perceived cost. However, online financial services weaken the uncertainty of households’ future incomes, making it difficult to form internal liquidity constraints and reducing the uncertainty of the expectations of the new-energy automobile industry by reducing the perceived risk of consumers. When making new-energy vehicle consumption decisions, households can reduce preventive savings and increase current consumption. Therefore, the link between online finance and consumption of new-energy vehicles is conducive to the purchase of energy vehicles by households, reducing the proportion of consumption of traditional-energy vehicles, thus curbing carbon emissions associated with transportation energy.
2.3 Mechanism of green finance promoting transportation energy carbon emission reduction
Green finance is an important support and guarantee force for the green economy and an important part of the digital economy (He and Song, 2020), and the online financing mentioned previously also belongs to this category. Theoretically, green financial services based on digital technology have brought about changes in payment methods; greatly reduced search costs, evaluation costs, and transaction costs; and have broken the spatial and temporal limitations of traditional financial services (Zeng and Reinartz, 2003; Li, 2015; Zhou and Liang, 2018), expanding the scope of traditional financial services (Campbell and Mankiw, 1991). From the consumer side, green finance reaches users online, making it easier for residents to obtain financial services (Yang et al., 2021). It can effectively supplement consumers’ credit records and make use of the interrelated characteristics of payment and financing channels to alleviate the financial constraints of households and realize intertemporal consumption (Pi et al., 2018). For example, providing financial services, such as online consumption subsidies for new-energy vehicles for households, can stimulate residents’ demand for consumption upgrades, thus releasing consumption potential. Therefore, the improvement of payment convenience and the easing of capital constraints by green finance will make a greater contribution to the enjoyment type of consumption expenditure, thus promoting the upgraded consumption of residents. Finally, the development of green finance based on digital platforms can help residents form wealth effects, diversify risks, reduce the uncertainty of households facing external shocks, and release the demand for upgraded consumption. The outbreak of the pandemic will further promote the development of digital technology and the implementation of digital financial services (Dong et al., 2021). For example, the scale of the financial platform Yu’ebao is about 1.2 trillion yuan, with individual investors accounting for 99.97% of the total, bringing 993.25 billion yuan of revenue to customers throughout the year in China. A high level of revenue lays the foundation for smooth consumption upgrading (up to 2020). Therefore, green finance can also reduce uncertainty and improve residents’ income expectations by spreading risks and wealth effects to smooth the setback of new energy vehicle consumption caused by the impact of the pandemic.
3 METHODOLOGY AND DATA
3.1 Sharp RD
To estimate the direction and degree of the pandemic impact on carbon emissions from transportation energy and whether the carbon emission reduction effect of green finance exists, we used the research studies of Salman et al. (2022) and Shi and Li (2022). We used the time nodes of COVID-19 and breakpoint regression settings to test the inhibitory effect of the pandemic impact and green finance on carbon emissions from transportation energy. The RD model uses discontinuous characteristics of external shocks as a measurement method to identify causal relationships. These external shocks consider economic individuals as treated when an observable characteristic variable (driving variable) is equal to or greater than a certain threshold. As long as an economic individual cannot fully manipulate the driving variable, discontinuous change in the dependent variable can be regarded as being caused by the processing state (Zhang and Chen, 2014). Consistent with the basic idea of this method, a pandemic has an unpredictable external impact. After the pandemic, the relevant policies formulated by the Chinese government to support the development of the new-energy vehicle industry included the notice on further improving the financial services for epidemic prevention and control and the intelligent vehicle innovation and development strategy. These policies will enable consumers to reach the new-energy vehicle industry directly through financial online services without leaving home, reducing the perceived risks and costs of the new-energy vehicle industry and improving the perceived benefits. Therefore, since the first quarter (Q1) of 2020, the Chinese society has been affected by the pandemic.
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where [image: image] denotes the treatment state variable. This equation indicates whether a pandemic impact has been received. If the value is equal to one, the pandemic impact is received; otherwise, it is zero. Equation 1 shows that [image: image] is a discontinuous function of time [image: image]. Q1 of 2020 is a breakpoint, meaning that regardless of how close one gets to Q1 of 2020, there will be no change until that timepoint is reached. If Eq. 1 is valid, the causal influence of pandemic shock on variables [image: image]5 can be obtained by the regression of the following equation:
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where [image: image] is the polynomial function of [image: image]. [image: image] is a constant term. The coefficient [image: image] of [image: image] indicates the difference in transportation energy carbon emissions by province and city before and after the “breakpoint.” [image: image] is the random error term. When Eq. 2 is established, we call the adopted RD “Sharp RD.” In practice, the requirement of the functional form of Eq. 2 can be relaxed by limiting the sample to the vicinity of the breaking point during estimation. The distance between the selected samples and the breakpoint is called the bandwidth. The smaller the loan, the smaller the requirements for control variables and forms will be; however, more sample observations will be lost, and the error of parameter estimation will increase. In the subsequent estimation, we referred to control the piecewise linear function of age according to the calculation of the optimal bandwidth and reported the estimation results of multiple bandwidth settings near the optimal bandwidth to fully demonstrate the robustness of the results.
3.2 Data
This study used panel data from 30 provinces in China from 2016 to 2021 to assess the impact of the pandemic on carbon emissions from the transportation sector and the role of green finance in reducing emissions. Considering that the consumption of residents was seriously affected by the pandemic in January 2020, the initial operating rate was low, and the subsequent consumption response time was included, which has certain particularity. Therefore, this study chose quarter consumption data to more accurately assess the impact of the pandemic on the traffic energy of conventional incentives to reduce emissions and the timely and effective capture of the short-term finances for green transportation energy reduction of carbon emissions.
The original data of the green finance index were obtained from the quarterly data6 of provinces and cities of the Baidu Search Index (BSI) from 2016 to 2021. The original data of transportation energy carbon emission measurements were from the quarterly data7 of each province on the Autohome website. Data such as environmental regulation and urbanization level were mainly obtained from the China Fiscal Yearbook, China fixed-asset investment Statistical Yearbook, and statistical yearbooks or statistical bulletins of each province from 2016 to 2021. Among them, the individual missing data involved in the environmental regulation levels were replaced using linear interpolation and mean interpolation methods.
3.3 Variable definitions and descriptions
Explained variable: Carbon emissions from transportation energy (TRANC). In this study, the following formula was used as a proxy variable for transportation energy carbon emissions:
[image: image]
where new energy automobile consumption refers to the actual transaction volume of new cars as a statistical caliber. The use of new-energy vehicles will help China reduce carbon emissions from transportation energy. A lower proportion of traditional automobile consumption implies that the carbon emission level of transportation energy will be suppressed.
Explanatory variable: GF. To evaluate the green financial development level of provinces and cities, this study drew from studies by Sheng and Fan (2020) and Dong et al. (2021) to measure the level of regional financial technology from the demand side using the BSI of green finance-related keywords8 and the coefficient of the variation method to construct a GF index for each province and city during the sample period. The network search data based on the demand level can better describe the development status of GF in various provinces and cities and meet the requirements of the provincial and municipal panel data in this study. We included the GF variable into the RD model to evaluate the promoting effect of GF on the reduction of carbon emissions in transportation energy under the pandemic shock.
Other control variables included urbanization level (URB). After urbanization reaches a certain stage, it leads to increased energy consumption, aggravated environmental pollution, traffic congestion, etc. Overall, China’s urbanization has not reached the most conducive standard for carbon emission reduction (Wang, 2010; Zhang et al., 2016); therefore, this study used the ratio of urban population to rural population to represent the urbanization level (Lin and Liu, 2010). The “Porter hypothesis” states that the appropriate environmental regulation level (ENV) can stimulate enterprises’ innovation activities, improve product competitiveness, and thus reduce carbon emissions (Lanoie et al., 2008). Therefore, this study considered the proportion of local fiscal environmental protection expenditure in the regional GDP as a representative value of the environmental supervision level (Zhang and Wang, 2020). Table 1 shows descriptions of the main variables.
TABLE 1 | Variable descriptions.
[image: Table 1]4 RESULTS
4.1 Graphic analysis
Figure 1 shows the relationship between the pandemic as a driving variable and traditional car consumption. A jump point near time 0 can be observed, which is consistent with the announcement of the COVID-19 outbreak on 20 December 2019. To smooth the short-term fluctuations in automobile consumption, the driving variable in this study was quarterly timed, the treatment state was the pandemic shock, and the treatment state was a discontinuous function of the driving variable. According to the results shown in Figure 1, at breakpoint time 0, the consumption of traditional vehicles and energy vehicles dropped significantly. We used the first quarter of 2020 as the breakpoint in the regression analysis.
[image: Figure 1]FIGURE 1 | Relationship between COVID-19 pandemic shock and the share of traditional automobile consumption. 
Figure 2 shows the relationship between the pandemic shock and the consumption of traditional and new energy vehicles. Again, clear jumps can be observed, with a significant drop in car consumption at the breakpoint. This indicates that the impact of the pandemic significantly reduced the level of automobile consumption, changed the structure of automobile consumption, and affected the level of transportation energy carbon emissions. As automobile consumption can be divided into traditional- and new-energy vehicles, the relationship between driving variables, the consumption of traditional vehicles, and new-energy vehicles is highly similar. However, under the impact of the pandemic, the social demand for traditional energy and new-energy vehicles has undergone structural changes. Residents prefer new-energy vehicles, and the consumption of traditional-energy vehicles has decreased more than that of new-energy vehicles; thus, the proportion of traditional-energy vehicle consumption has decreased.
[image: Figure 2]FIGURE 2 | Relationship between COVID-19 pandemic shock and the consumption of traditional- and new-energy vehicles.
Figure 1 shows a significant decline in the share of sales of traditional- and new-energy vehicles at the breakpoint. Figure 2 shows that the sales volume of traditional-energy vehicles and new-energy vehicles exhibits a jump point under the impact of the pandemic, and the decline of traditional-energy vehicles is greater than that of new-energy vehicles. These graphs clearly show the discontinuous variation in the outcome variable (share of energy vehicle sales) caused by dealing with the treatment state variable (COVID-19 pandemic shock), and preliminary showed that the outbreak can effectively reduce the traffic impact on energy carbon emissions. The degree of how and whether new-energy vehicle consumption is still financially dependent on the green path to the parameter estimation results remains to be observed.
4.2 Diagnostic tests
We tested the second premise hypothesis of whether the control variables are continuous around the breakpoint. We used a non-parametric RD model for testing; the results are presented in Table 2. The regression coefficients of the control variables are insignificant in the RD model. This implies that before and after the first quarter of 2020, there is no significant difference in other characteristics that may affect transportation energy carbon emissions, except for the difference in the consumption proportion of new-energy vehicles caused by the development of provinces, cities, regions, and green finance.
TABLE 2 | Diagnostic tests.
[image: Table 2]4.3 Benchmark regression results
Table 3 shows the impact of the pandemic shock on the share of conventional energy vehicles consumed. Column (1) of the table is estimated using the optimal bandwidth calculated according to the study by Imbens and Kalyanaraman (2012), and the remaining columns were estimated using other similar bandwidth settings to fully test the robustness of the results. We obtained consistent results, and the F-value test for time breakpoints far exceeded the critical value of the instrumental variable test given by Stock and Yogo (2005). The results showed that the impact of the pandemic significantly reduced the sales share of traditional-energy vehicles. According to the estimation under the optimal bandwidth setting, in the case of uncontrolled area and time effect, the pandemic impact led to a 4.80% decrease in the sales share of traditional-energy vehicles. These results are consistent with the conclusions of Aghion et al. (2019) and Hepburn et al. (2020). In addition to the sharp slowdown in economic growth, the impact of the pandemic has significantly reduced the proportion of traditional-energy vehicle consumption. This is conducive to the transformation of China’s transport energy consumption structure toward low carbon, thus reducing the carbon emissions in transport energy.
TABLE 3 | Benchmark regression results I.
[image: Table 3]As the regression results of the rectangular kernel model are more stable, we added the green finance variable based on this model and controlled for time and province, investigated the change in the impact coefficient of the pandemic impact before and after adding the green finance variable, and then explored the role of green finance on the reduction of carbon emission in transportation energy under the pandemic impact. The results in Table 4 show that when regional and time effects are controlled and green finance variables are not added, the impact of the pandemic on the sales of traditional energy vehicles was −4.66%. After adding the green finance variable, the magnitude of the impact decreased by 0.42%, indicating that green finance had a positive effect on carbon emission reduction in transportation energy during the pandemic. This shows that under the impact of the pandemic, green finance is beneficial for Chinese residents for adopting green consumption behavior and achieving the carbon emission reduction target in the transportation sector. The aforementioned conclusions are consistent with those of Wang et al. (2019) and Jiang et al. (2020).
TABLE 4 | Benchmark regression results II.
[image: Table 4]Some studies have indicated that global carbon emissions will be reduced by 5.7% on average in 2020, owing to the impact of COVID-19 (Le Quéré et al., 2020). From the perspective of the causes of carbon emissions reduction, in addition to the sharp slowdown of economic growth in various countries, the impact of COVID-19 on the transformation of industrial structures in various countries must not be ignored (Aghion et al., 2019; Wang Z. et al., 2020). Specifically, the impact of the pandemic can not only motivate countries’ industrial sectors to improve energy efficiency and achieve emission reduction targets (Gao et al., 2019) but also encourage governments to develop green finance, “hydrogen economy,” and “new infrastructure” investments. This helps transform the energy structure and reduce CO2 emissions in the building and power sectors (Xian et al., 2019; Hepburn et al., 2020; Wang J. et al., 2020). Furthermore, green finance not only helps achieve carbon emission reduction in the transportation sector but also has the potential to fulfill a win–win situation of “low carbon” and “economy” (Wang et al., 2019; Jiang et al., 2020). Therefore, our empirical results are consistent with existing research results.
4.4 Robustness testing
For the following results, we used two methods: parametric model testing and a placebo test for testing robustness.
4.4.1 Parametric model testing
Following Lee and Lemieux, 2010, we use a parametric model for robustness testing to corroborate the results of the non-parametric test. The model is shown in Eq. 4, where STB is a dummy variable that takes the value of 1 when the sample time occurs after the first quarter of 2020 and 0 otherwise. [image: image] is a constant term. The coefficient [image: image] of STB indicates the difference in transportation energy carbon emissions by province and city before and after the “breakpoint.” [image: image] is the random error term. In addition, consistent with Eq. 2, we controlled for the fixed effects of green finance, environmental regulation, urbanization level, province, and time.
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Table 5 shows the test results of the parametric model, and the parametric tests are consistent with the non-parametric tests for most bandwidths.
TABLE 5 | Robustness test I.
[image: Table 5]4.4.2 Placebo testing
Our regression results can show a mechanical correlation or because the price of new-energy vehicles has become cheaper over time. If this is the case, then we can observe a significant “jump” in the share of new-energy vehicles sold using any year as a breakpoint. To rule out this possibility, a placebo test was conducted. Specifically, we examined whether transportation energy carbon emissions were significantly different between 2019 and 2021, using the first quarter of 2019 and 2021 as hypothetical policy shocks. The results in Table 6 show that there were no significant differences in transportation energy carbon emissions within provinces and cities in the first quarters of 2019 and 2021.
TABLE 6 | Robustness test II.
[image: Table 6]5 CONCLUSION
The pandemic shock has opened a new phase of carbon emission reduction in the transportation sector in China and has effectively contributed to low-carbon transformation for transportation energy consumption. Based on the latest data, we estimated the possible emission reduction effect of the pandemic shock on transportation energy carbon emissions and the promotion of green finance using a breakpoint regression method. We observed that the pandemic shock led to a 4.24% decrease in the share of traditional-energy vehicle consumption. The mitigation of China’s transportation energy carbon emissions by the pandemic shock is based on changing people’s consumption preferences for traditional-energy vehicles and promoting people to buy new-energy vehicles. Green finance contributes to the impact of the pandemic shock on transportation energy carbon emission reduction, but the magnitude of the effect is limited. Although China exceeded the emission target of a 40%–45% reduction in carbon intensity by 2020, the impact of the pandemic has put some pressure on China to successfully achieve the CO2 emission reduction target. In the long run, the impact of COVID-19 on China’s climate goals mainly depends on the balance of “environmental” and “economic” policies. At the meeting of the Standing Committee of the Political Bureau of the CPC Central Committee in 2021, proposals were created to promote the development of green and low-carbon financial product services, establish monetary policy tools for carbon emission reduction, incorporate green credit into the macro-prudential evaluation framework, and guide banks and other financial institutions to provide long-term, low-cost funds for green and low-carbon projects. The construction and formulation of “Green finance” and related policy tools will contribute to the development and transformation of low-carbon technology. These will not only help boost the economy and strengthen new-energy automobile enterprises development and low-carbon technology enterprises but also help the low-carbon development of China’s energy structure and promote the peak of China’s CO2 emissions at the earliest.
With the growing demand for household car consumption in China and the continuing process of urbanization, transportation energy carbon emissions are one of the key issues that need to be addressed for China to achieve the double-carbon target, and it is imperative to help residents’ new-energy vehicle consumption behavior. This study shows that the pandemic shock is an opportunity to open up new-energy vehicle consumption among residents; green financial support policies dealing with the pandemic and superimposed green finance together reduced the share of traditional energy vehicle consumption, and further development of green finance can reduce residents’ preference for traditional energy vehicles and mitigate the long-term threat posed by transportation energy carbon emissions. Therefore, the government must examine the time window of the pandemic impact to further promote and improve green finance consumption policies. First, it further accelerates the development of green finance to support the new-energy automobile industry; strengthen the research on the integration of green finance platforms based on 5G, the industrial Internet of Things, big data centers, artificial intelligence, and other technologies; and the low-carbon transformation and development of transportation energy. Second, it is necessary to improve the enthusiasm of residents to participate in green finance. This can be performed by establishing an incentive mechanism linking online financial consumption and the payment for energy vehicles by stages, encouraging residents’ green financial behavior, and forming a long-term incentive for new-energy vehicles purchase. Third, it gradually reduces the financing cost of green finance so that consumers have a good expectation of green finance and new-energy vehicles, which is conducive to further encourages the residents to purchase new energy vehicles. Fourth, it is necessary to strengthen the coordination and connection between green finance and the new-energy automobile industry. This can be accomplished by allowing for the resource allocation function of green finance for low-carbon technology innovation, the transformation of automobile enterprises, and implementing the survival of the fittest in transportation energy low-carbon technology. Fifth, green financial services online will improve the efficiency of low-carbon technology innovation and transform the purchase of new-energy vehicles, which is particularly important for China’s economy in the process of transformation.
This study has potential limitations that must be addressed in future research. First, in our empirical study, we considered China as a whole and did not consider the differences in carbon reduction effects among the eastern, middle, and western provinces. Second, we selected a sample of Chinese provinces for empirical testing in our study but did not conduct a comparative study with developed regions or underdeveloped countries or regions. Therefore, further research is needed when more abundant data are available. Additionally, this study only examined the economic effects of the pandemic shock from the perspective of carbon emissions from transportation energy, and further research is needed to fully assess the carbon reduction effects based on the pandemic shock and green finance. The pandemic shock may also affect the consumer’s demand and the endogenous power of consumption, supply of industries, and economic growth and stability of the country. All these directions are worthy of further research.
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FOOTNOTES
1Hereafter referred to as the “double carbon” target.
2The consumption data for the first quarter of 2020 are used as an example to observe the impact of the pandemic on consumption. Retail sales of consumer goods totaled to 7.86 trillion yuan in the first quarter of 2020, down 19 percent year-on-year, according to the National Bureau of Statistics. Clothing and textiles, gold and silver jewelry, household appliances and audio-video equipment, furniture, and automobiles were the most affected, with year-on-year declines of more than 30%. In particular, the consumption of gold and silver jewelry declined significantly, with a year-on-year decrease of 37.7%. The consumption of petroleum products, cosmetics, constructions, decoration materials, and tobacco and alcohol decreased by 10%–29%. Daily necessities and communication equipment were less affected, with a year-on-year decrease of less than 5%; only grain, oil, and food, which are daily necessities, went up 12.6% year-on-year.
3Based on Roland Berger’s survey report on “The Exploration of Disruptive Data in the Automotive Industry.”
4“Investigation on Chinese Consumers’ purchase of new energy vehicles in 2022” by iMedia Consulting.
5Considering the explanatory power of the regression results, we take the logarithm of [image: image] in the actual regression.
6For more information, please see: https://index.baidu.com/.
7For more information, please see: https://www.autohome.com.cn/.
8The keywords related to green finance mainly include conceptual-level, technical-level, payment-level, and policy-level terms. Specific terms include green finance, consumer finance, green consumption, big data, cloud computing, artificial intelligence, blockchain, biometric identification, online payment, mobile payment, third-party payment, new-energy policy, and auto finance. This article uses the “pc + mobile” search index.
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