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There is growing concern about carbon emissions as the economy grows, which is of great importance to the implementation of the green Belt and Road Initiative (BRI) development strategy. Using panel data of 282 prefecture-level cities in China from 2006–2020 and the difference-in-differences method, this paper empirically examines the effects of the BRI on carbon emissions. Both theoretical and empirical analyses indicate that the BRI can significantly reduce the carbon emission level of cities along the routes, but the impact varies in different regions and cities. The mechanism analysis shows that the BRI reduces the carbon emission level of the Belt and Road cities through the economic agglomeration effect and industrial structure effect. Therefore, China should vigorously promote green Belt and Road construction, implement a regional integration strategy, and promote the transformation and upgrading of the industrial structure. These findings have a certain reference value for the follow-up implementation of the BRI.
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1 INTRODUCTION
With increasing globalization, we have witnessed a sharp rise in carbon emissions, and extreme weather caused by global warming has become an enormous challenge to sustainable development (Jiang et al., 2021). As the largest energy consumer and carbon emitter in the world, China has committed to achieving a peak in national carbon emissions and reducing its carbon intensity by 60%–65% from the 2005 level by 2030. At the UN General Assembly in September 2020, it was proposed that the peak in carbon dioxide emissions be reached by 2030 and carbon neutrality be achieved by 2060. To achieve the “dual carbon” goals, the 14th Five-Year Plan calls for accelerating the development of the green economy, reducing carbon emission intensity, and supporting regions where conditions permit taking the lead in achieving the “carbon peak”. At present, China’s economic development has entered a new normal, with economic growth slowing down and industrial structure being constantly upgraded. Previously, extensive economic growth was like a persistent disease affecting the quality of the economy. For half of the time since 1998, China’s economy has suffered from overcapacity, presenting an energy-intensive economic development model with a strong duality in terms of economic structure. In February 2017, the European Parliament passed a proposal to raise carbon trading fees to reduce carbon emissions. In March 2018, US President Trump signed an executive order to impose tariffs of 25% on steel and 10% on aluminum imports, targeting China’s carbon emissions. Since 2016, many parts of China have been shrouded in smog, with the PM2.5 index exceeding the peak and affecting 17 provinces, autonomous regions and municipalities and more than 71 cities suffering from severe pollution. Clearly, the resource waste and environmental pollution brought by the traditional economy have become an “obstacle” to China’s high-quality economic development, and economic development urgently needs low-carbon transformation. In September 2013, the proposal of the BRI provided an opportunity to solve excess capacity and greatly promote exchanges and cooperation among countries along the routes of the BRI. However, with the promotion of the BRI, people from all circles gradually noticed the impact of the BRI on carbon emissions. Most scholars believe that international trade has a significant impact on the environment (Zhang et al., 2017). As China is the largest trading nation and greenhouse gas emitter, a large part of its carbon emissions come from the processing and trade of export commodities (Wei et al., 2011). Since the BRI has moved from concept to action, global openness has further promoted trade and cooperation between countries and regions. The BRI countries have become important trade partners with China, and researchers have increasingly focused on trade and foreign direct investment (FDI) among the BRI countries (Jahanger, 2021), their CO2 emissions and the environmental impacts caused by trade between China and the BRI countries (Cai et al., 2018; Abban et al., 2020; Fan et al., 2020). As important subjects of economic and social development, cities play an important role in the low-carbon transition. Studies show that more than 70% of China’s carbon emissions come from cities (Cai et al., 2019). Therefore, it is practical and necessary to study urban carbon emissions.
There are many studies on the impact of the BRI on carbon emissions in the regions along the routes, and most of them consider the relationship between the BRI and carbon emissions from the perspectives of economic development (Andreoni and Levinson, 2001; Shuai et al., 2018; Zheng et al., 2020), technological advancement associated with opening-up (Verbano and Crema, 2016; Jiang et al., 2018; Fan et al., 2019; Xu et al., 2022), industrial structure (Fisher-Vanden et al., 2006; Gerlagh, 2007), infrastructure construction (Teo et al., 2019), etc. Some researchers think that the infrastructure construction associated with the BRI will inevitably destroy the natural landscape and increase carbon emissions while promoting local economic growth (Zhang et al., 2017; Shuai et al., 2018; Teo et al., 2019). However, others think that the BRI will improve energy efficiency and reduce carbon emissions (Han et al., 2018; Wu et al., 2021; Mao and Wang, 2022). How does the BRI affect carbon emissions in regions along the routes? At present, no consensus has been reached, and few studies have focused specifically on the impact of the BRI on the carbon emissions of cities along the routes in China. This paper will take the BRI as an entry point and will focus on whether the BRI has reduced carbon emissions in Chinese cities and the mechanisms of this impact. In this study, the difference-in-differences model is used to study the effect of carbon emissions on cities along the Chinese routes based on the diverse data of 282 Chinese cities from 2016 to 2020. Studies conclude that the BRI can significantly reduce the carbon emission level of cities along the routes through the economic agglomeration effect and industrial structure effect, but the impact varies in different regions and cities. The conclusions of this paper will help us understand the mechanisms of this impact of the BRI on the urban environment along the routes.
The marginal contributions of this paper are as follows. First, the paper evaluates the impact of the BRI on the carbon emissions of Chinese cities along the routes, which may be conducive to the implementation of the Green BRI and the formulation of appropriate emission reduction schemes by the government. Second, the heterogeneous impacts of the BRI on cities in different regions and with different carbon emission intensities are evaluated by using the difference-in-differences (DID) method (Ashenfelter, 1978). Third, we innovatively study the impact mechanism of the BRI on the carbon emissions of cities along the routes from the three aspects of economic agglomeration, technological progress and industrial structure, broadening the depth of policy evaluation.
The second part presents a literature review and the mechanism design, discussing the influence mechanism of the BRI on the carbon emissions of cities along the routes based on the systematic review of Chinese and foreign research results. The third part is the regression analysis, including the data processing and model construction. The fourth part presents the mechanism assessment. Finally, we offer the conclusion and discuss the policy implications.
2 LITERATURE REVIEW AND MECHANISM ANALYSIS
2.1 Literature review
Recently, the commercial connection between China and cities along the Belt and Road has become closer. The study of the low-carbon effect of the BRI has become one of the topics of academic focus domestically and abroad, and there have been many academic achievements on this topic. However, an extensive literature review indicates that different viewpoints exist among scholars. Studies can be broadly divided into the following categories.
2.1.1 Negative environmental impacts of the belt and road initiative
Some scholars think that the BRI will promote economic growth but damage the environment. For example, in the early 1970s, the Club of Rome proposed the growth limit hypothesis, which argued that economic growth would increase global carbon emissions. These scholars proposed that industrial production and pollution are among the top five reasons for the increase in carbon emissions (Zheng et al., 2020). Shuai et al. (2018) proposed that GDP per capita contributes most to carbon emissions. Energy consumption is the basis of economic development, and economic growth increases energy consumption, which in turn expands carbon emissions. Energy consumption is the basis of economic growth, but carbon emissions expand as energy consumption increases. In the initial stage, the BRI mainly focused on infrastructure construction, although this increased the speed of economic development of the countries along the routes and altered the local natural landscape and the pattern of land use. In such a case, the biological balance and environmental quality may be reduced with the accelerated use and exploration of natural resources (Ascensao et al., 2018; Teo et al., 2019).
The relationship between the BRI and carbon emissions has also been discussed from the perspective of openness to the outside world. As the main driving force of economic development, foreign trade and technological innovation have a profound impact on green development (Jiang et al., 2018). However, some scholars believe that the process of foreign trade is accompanied by a larger amount of environmental pollution. Advanced economies tend to transfer high-polluting and energy-consuming industries to lagging economies, especially regions with low environmental regulations, and investments in the BRI countries may significantly increase carbon emissions and have a pollution haven effect (Leonard, 1984). In addition, the export of energy-intensive products has great environmental costs. The energy trade associated with the BRI brings new challenges to environmental governance, and the energy trade not only affects the energy exporting countries but also causes pollution in the process of use by the energy importing countries (Zivkovic et al., 2017). Therefore, international trade contributes to domestic carbon emissions (Cai et al., 2018). In addition, the adjustment of the industrial structure has a certain impact on carbon emissions. The increase in the proportion of the secondary industry is an important reason for the increase in energy consumption and carbon emissions in China (Fisher-Vanden et al., 2006; Gerlagh, 2007).
2.1.2 Positive environmental impacts of the belt and road initiative
Other scholars believe that China’s FDI can reduce the carbon emissions of the BRI countries, and the pollution halo effect may arise because transnational investment can export pollution to the host country and bring advanced environmental protection technology and standards, which can reduce carbon emission intensity to a certain extent (Birdsall and Wheeler, 1993; Wu et al., 2021). Scholars have discovered that with the emergence of economies of scale and the technological effects of investment, environmental pollution levels show a downward trend. To a certain extent, this proves that the pollution halo effect of the Chinese BRI and the environmental impact of outward investment from developing and developed countries are different (Liu et al., 2020).
Scholars have also discussed the carbon emissions of countries involved in the BRI from the perspective of technological innovation and industrial structure upgrading. They consider that the technology effect can effectively restrain carbon emissions, and that the application of carbon emission reduction technology plays a positive role in limiting carbon emissions (Xu et al., 2022). In addition, technological innovation can effectively convert traditional energy to clean energy and reduce carbon emissions (Gerlagh, 2007). By using index decomposition analysis (IDA) to explore the driving factors of urban carbon emissions, scholars have found that a decrease in carbon emission intensity significantly hinders the growth of carbon emissions, while a change in the production structure can promote an increase in urban carbon emissions (Wang et al., 2013; Wei et al., 2017; Li et al., 2018). Industrial structure adjustment is one of the important ways to reduce pollution (Xu et al., 2014; Shuai et al., 2018). As an important link between human economic activities and air quality, industrial structure is a key factor to solve the contradiction between economic development and the environment and an important lever to realize the optimization and upgrading of industrial structure (Zheng et al., 2020), accelerate economic development and achieve carbon emission reduction goals (Xu et al., 2014; Shuai et al., 2018).
2.1.3 The need for the specific analysis of the environmental impact of the belt and road initiative
Studies also argue that dissimilar patterns of BRI collaborations or different countries may present different environmental effects. In terms of dissimilar patterns, the Green Development Capability (GDC) index was established by Huang, and the spatial Durbin model was used to conduct empirical tests on countries with different cooperation modes with China. The results show that economic development cooperation and sustainable cooperation are conducive to improving the GDC, while resource utilization cooperation based on fossil energy transactions is not conducive to improving the green development level of a region (Huang and Li, 2020). In addition, Muhammad et al. studied the impact of urbanization and international trade on carbon missions across 65 countries of the BRI and found that foreign direct investment could increase carbon missions in all BRI countries (Muhammad et al., 2020). However, exports decreased carbon emissions in low-and high-income BRI countries and increased in lower-middle-income BRI countries, while imports increased in low-income countries but decreased in middle-and high-income countries.
In conclusion, the BRI may have an important effect on carbon emissions, and the influence direction is inconsistent and needs to be tested empirically (Liu et al., 2018). Throughout the low-carbon BRI research, most studies focus on the counties along the Belt and Road. Although Kong studied whether the BRI affects the quality of economic growth in Chinese cities along the Belt and Road (Kong et al., 2021), there is still a lack of research on the environmental impact of the BRI policy based on big data and considering Chinese cities. The low-carbon development of the Belt and Road cities plays an important supporting role in the construction of the BRI. Therefore, it is necessary to study the impact of the BRI on urban carbon emissions, discover the carbon emissions of node cities, and analyze the impact of the BRI on the carbon emissions of cities along the BRI, which is of great significance to the green and low-carbon construction of the BRI according to local conditions.
2.2 Impact mechanism of the belt and road initiative on carbon emissions
As the bridgehead for external development, the Belt and Road cities play an important role in regional economic cooperation. With the goal of bringing benefits to all, the BRI focuses on promoting policy coordination, connectivity of infrastructure and facilities, unimpeded trade, financial integration, and closer people-to-people ties. The adjustment of foreign policies, trade policies and dividends promote the infrastructure construction, industrial structure adjustment and economic development level of cities along the Belt and Road and then affects their carbon emissions. The specific mechanisms of the impacts of the BRI on the carbon emissions of cities along the routes are as follows:
First, the BRI leads to preferential policies toward cities along the routes, which further promotes the relocation of some enterprises to cities along the BRI and generates corresponding agglomeration effects through the redistribution of economic factors (Shao et al., 2019). In different stages of economic development, economic agglomeration has different effects on energy conservation and emission reduction. In the early stage of economic development, due to the size of the agglomeration effect and spillover effects, various factors of element concentration are helpful to save costs and improve efficiency, and energy and the environment are the factors of production input conditions. The agglomeration process helps improve the utilization efficiency of energy and environmental elements and thus to a certain extent reduces carbon emissions. In addition, the process of economic agglomeration is accompanied by a variety of positive externalities, which are conducive to promoting technological progress and improving factor productivity, thus playing a positive role in energy conservation and emission reduction and alleviating the pollution haven effect to a certain extent (Zeng and Zhao, 2009; Glaeser and Kahn, 2010). However, with the development of the economy, economic agglomeration accelerates energy consumption and corresponding carbon emissions by expanding the regional production scale and factor input quantity, thus adversely affecting the goal of energy conservation and emission reduction. When the economy continues to develop to a certain stage, the environment begins to have the function of “self-purification”. Therefore, the relationship between economic agglomeration and carbon emissions depends on the stage of economic development (Shao et al., 2019). Since most cities in China have completed the continuous process of transformation to clean energy by the secondary industry, they have experienced advantages in the green transformation and management of the secondary industry, and have given more attention to the impact of economic activities on the environment in the process of economic agglomeration. Accordingly, this paper proposes hypothesis 1:
H1: The BRI may reduce the carbon emissions of cities along the routes through the economic agglomeration effect.Second, the technological effect refers to the BRI’s influence on the environmental quality of cities along the routes by influencing technological progress. According to the Porter hypothesis, strict economic and environmental policies formulated by the government promote technological innovation and achieve a win‒win situation of economic growth and environmental improvement. Technological progress improves energy utilization efficiency and productivity, thus reducing energy consumption and carbon emissions; technological progress also promotes the transformation of the energy structure, which can convert traditional high-carbon energy consumption to renewable clean energy consumption, thus reducing carbon emissions. However, as enterprises pursue profit maximization, technological innovation in practice becomes more about improving efficiency and expanding production, which increases energy consumption and carbon emissions. Based on these theories, this study proposes hypothesis 2:
H2: The BRI may reduce the carbon emissions level of cities along the routes through the technological effect of economic growth.Third, the industrial structure effect refers to the impact of the BRI on the environmental quality of regions along the routes. Generally, the decline in the proportion of the secondary industry and the rise of the proportion of the tertiary industry are conducive to the improvement in environmental quality. This is because secondary industries, such as the power sector, natural gas extraction, petroleum and other industries, are energy and carbon intensive. The average energy intensity of tertiary industries, such as finance and tourism are lower than that of secondary industries (Xu et al., 2014; Mi et al., 2015; Shuai et al., 2018). The Green BRI has identified clean industry as a common demand of all Belt and Road regions, so the BRI can improve environmental quality by promoting a clean industrial structure in cities along the routes. On this basis, this paper proposes hypothesis 3:
H3: The BRI may influence the carbon emission level of cities along the routes through the industrial structure effect.
3 MODELS, VARIABLES, AND DATA
3.1 Econometric model
In recent years, the difference-in-differences (DID) model has been widely used in the quantitative evaluation of the implementation effect of public policies or projects in econometrics. The simplest method to evaluate the effect of policy implementation is to compare the difference before and after the policy’s implementation in the treatment group. However, as the macroeconomic environment changes over time (time effects), simply using the differences after the implementation of the policy cannot reflect the implementation effect of the policy. Therefore, to solve the above problems, we need to use a sample outside the policy implementation region (control group) as the counterfactual reference and then use the difference before and after the policy implementation of the control group as the time effect of the treatment group. The differences before and after policy implementation in the treatment group were subtracted from the differences before and after policy implementation in the control group to obtain more reliable policy estimates (Ashenfelter, 1978; Card and Krueger, 2000). Compared to other natural experimental designs, the advantage of the DID method lies in the use of a quasi-natural experimental method to alleviate the estimation bias caused by endogeneity problems.
Therefore, this paper uses the DID method to study the impact of the BRI on the carbon emissions of cities along the routes. When using the DID method to estimate the effect of policy implementation, the key problem lies in the accurate identification of the treatment group and control group as well as the time of policy impact. Following Kong et al. (Kong et al., 2021), this paper regards the proposal of the BRI in 2013 as the time node of policy impact and treats Chinese cities along the Belt and Road as the treatment group, while the other cities are taken as the control group. The impact of the BRI on carbon emissions is accurately measured by using the DID method. The specific model settings are as follows.
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In Eq. 1, subscripts [image: image] and [image: image] represent the city and year, respectively. [image: image] is the explained variables, representing the level of urban carbon emissions; The cross-term [image: image] is used to reflect the impact of the BRI on urban carbon emission intensity, where [image: image] is a time dummy variable, the value of years after 2013 is 1, and the value of other years is 0; [image: image] is a dummy variable, where [image: image] is a city along the BRI routes, [image: image] = 1, when [image: image] is a city not along the BRI, and [image: image]; [image: image] is the set of control variables; [image: image], [image: image] and [image: image] are the time fixed effects of city and year, respectively, and [image: image] is the error term.
3.2 Variable description
3.2.1 Explained variables
The carbon emission level is represented by the carbon emission intensity and carbon emission density. Carbon emissions per unit of GDP (also known as carbon intensity, or CEI) can be used to measure regional carbon emission performance. Regional carbon emissions have strong fluctuations, and carbon emission intensity is the carbon emissions per unit GDP, which not only reflects the characteristics of carbon emissions but also has a more normal distribution. Therefore, this paper chooses carbon emission intensity as the dependent variable. For carbon emission calculations, including carbon emissions from direct and indirect energy consumption, such as gas, liquefied petroleum gas, electricity and heat, the carbon emissions generated by direct energy consumption are calculated using the relevant transformation factor provided by IPCC 2006 (Wu et al., 2005; Feng et al., 2010; Jianxin and Zhiyong, 2016). The carbon emissions generated by power consumption are calculated by using the carbon emission factor of each regional power grid (Glaeser and Kahn, 2010).
3.2.2 Main explanatory variables
We use the dummy variables to represent the policy effects of the BRI. The policy implementation is based on the BRI proposed in 2013. This paper takes 2013 as the start of the policy implementation, and the key provinces and node cities mentioned in the Vision and Actions on Jointly Building the Silk Road Economic Belt and 21st-Century Maritime Silk Road, jointly issued by the National Development and Reform Commission, Ministry of Foreign Affairs and Ministry of Commerce in 2015, are taken as the treatment group, and cities not mentioned as are the control group.
3.2.3 Control variables
For the various factors affecting carbon emissions, we add a group of control variables, including per capita income level, urbanization, total import and export volume, fixed asset investment, technological progress, and industrial structure.
3.2.3.1 Economic development (lnpgdp)
With reference to Shuai et al. (2018), our data are measured by the natural logarithm of the real GDP per capita. According to the classical environmental Kuznets curve (EKC), there is an inverted U-shaped relationship between per capita income and environmental pollution. Therefore, the quadratic term of per capita GDP is added into the model.
3.2.3.2 Industrial structure (structure)
Using the study of Zheng et al. (2016) as a reference, the ratio of tertiary to secondary industry represents the industrial structure. The industrial sector is the “largest consumer” of carbon emissions (Shao et al., 2011). There is an agreement that the ratio of tertiary and secondary industry is a factor stimulating carbon emissions (Shuai et al., 2018).
3.2.3.3 Urbanization level (urbanization)
The proportion of the urban population in the total population is measured. On the one hand, the process of urbanization triggers a large energy demand, resulting in a corresponding increase in carbon emissions (Sadorsky, 2013). On the other hand, when the level of urbanization exceeds a certain stage, the application of new environmental protection technologies, the improvement of energy efficiency, the implementation of low-carbon green cities and other factors are conducive to carbon emission reduction. Therefore, both the primary and secondary terms of urbanization are introduced into the model in this paper to verify the inverted U-shaped relationship between urbanization and carbon emissions (He et al., 2017).
3.2.3.4 Level of financial development (lnfinance)
Measured by the total amount of deposits and loans of financial institutions at the end of the year, the level of financial development plays an important role in the development of the local economy. Regions with high financial development are more attractive to foreign investment. The expansion of capital and financial markets increases the establishment and purchase of new production lines, which has an important impact on local carbon emissions (Saud et al., 2020).
3.2.3.5 Foreign trade (lntrade)
The total amount of imports and exports represents the level of opening up. Generally, the greater the total amount of imports and exports is, the higher the level of opening-up.
3.2.3.6 Technical innovation (lnpatent)
Drawing on the approach of Kong et al. (2021), we use the per capita number of invention patents to measure the technological level of Chinese cities.
3.2.3.7 Infrastructure level (lninfra)
Referring to the study of Kong et al. (2021), road miles are used as a measurement. To a certain extent, infrastructure development can contribute to energy savings and emission reduction because infrastructure development, as the cornerstone of economic development, can reduce the time cost of human capital aggregation and the transportation cost of physical capital, thus improving productivity and resource utilization and reducing the level of urban carbon emissions.
3.2.3.8 Fixed asset investment (lnainvest)
This indicator is measured by the total amount of fixed asset investment in the whole society. There is little dispute in the academic community that fixed asset investment induces carbon emissions because it expands the scale of the transportation, construction and manufacturing industries, which are recognized to increase carbon emissions (Ma et al., 2017).
3.2.3.9 Human capital (mstud)
Most scholars use average years of schooling to measure the regional education level per capita, but due to the availability of data, this paper uses the number of students per 10,000 people to measure the human capital of a city. When human capital is closely related to the degree of environmental pollution and trade liberalization and openness increase, a large amount of labor becomes concentrated in pollution-intensive industries. At that time, the increase in human capital accompanies the deterioration of environmental quality (Ma et al., 2017).
3.3 Data sources and processing
The BRI was officially proposed in 2013. However, given that a parallel hypothesis is needed to test the effect of policy shocks, we select the sample period from 2006 to 2020 to expand the sample size and improve the reliability of the empirical results. Since the sample data of some cities along the Belt and Road are not available, we exclude the Tibet Autonomous Region. The objective sample includes the key provinces and cities along the Belt and Road, as defined in Vision and Actions in 2015. Of a total of 282 cities, 149 cities along the Belt and Road are selected as the treatment group, and 133 other cities not affected by the BRI are selected as the control group, which is reported in columns (1–3) of Table 1.
TABLE 1 | Key provinces and cities along the BRI.
[image: Table 1]The number of patent applications granted in this paper is obtained from the Chinese Research Data Services Platform (CNRDS) (https://www.cnrds.com/Home/Login). Regional grid baseline emission factors are retrieved from the website of the Ministry of Resources and Environment. Other data are obtained from the China Statistical Yearbooks, China City Statistical Yearbooks, China Cities Economic Statistical, China Urban Construction Yearbooks, China Energy Statistical Yearbooks, and the Yearbooks of provinces and cities and statistical bulletins of prefecture-level cities. In this paper, the linear interpolation method is used to complete the balanced panel of some prefecture-level cities. Nominal variables, such as GDP, total deposits and loans of financial institutions, investment in fixed assets, and total import and export, are converted into constant prices based on 2006 by using the GDP deflator of each province, and logarithmic processing is performed in the regression process. The descriptive statistics of the main variables are shown in the following table: Table 2.
TABLE 2 | Descriptive statistics of the main variables.
[image: Table 2]4 EMPIRICAL RESULTS ANALYSIS
4.1 Regression results of the benchmark model
The regression results of the benchmark model are shown in Table 3. The first column represents the impact of the BRI on the carbon emission intensity of Chinese cities along the routes. Considering increasing attention to carbon emission reduction at the national level with the development of the economy, cities along the BRI should transition process from high carbon to low carbon rather than being negatively affected by the BRI. Ignoring the change trend of carbon emissions caused by economic development could lead to spurious regression problems. Therefore, this paper sets a continuous variable T to represent the time trend and adds the interaction term between the time trend and the treatment group into the regression model. The second column shows that the results are still significant after the addition of the time trend term. Although the significance decreases, the coefficient increases slightly, which to some extent indicates that it is reasonable to add the time trend term into the model.
TABLE 3 | Benchmark regression.
[image: Table 3]As seen from the regression results in Table 4, the coefficient of [image: image] is negative at the significance level of 1% before the addition of the time-trend cross-product term, and it is negative at the significance level of 5% after the addition of the time-trend cross-product term, indicating that the BRI significantly reduces the carbon emission intensity of cities along the routes. The green energy, green production, green finance and green living advocated by the BRI contribute to the ecological protection of cities along the Belt and Road.
TABLE 4 | Placebo test.
[image: Table 4]4.2 Analysis of the validity of difference-in-differences estimates
The reliability of the empirical results reported by the benchmark model depends on the validity of the multiplier estimation. Therefore, in this section, a series of effectiveness tests will be conducted, including parallel trend tests and several placebo tests.
4.2.1 Parallel trend test
The key condition of the DID method is to ensure that the treatment and control groups meet the common trend assumption. Therefore, this paper draws on the practice of Beck et al. (2010) to verify the change trend of the treatment group and the control group before the implementation of the BRI. The model is set as follows.
[image: image]
In Eq. 2, [image: image] is the time dummy variable, the observed value of the current year is 1, and the observed value of other years is 0. Other variables are consistent with the benchmark model. We examined trends in the 3 years before and after the BRI was proposed in 2013. The results are shown in Figure 1. If 0 points are included in the upper and lower endpoints of the year, the coefficient is not significant at the 95% confidence level. Otherwise, the coefficient is significant. Therefore, in the first 3 years of the implementation of the BRI, the change trends of the treatment group and the control group are the same, and there is no significant difference because the [image: image] coefficient is close to 0. However, in 2013 and thereafter, the impact of the BRI on carbon emission intensity was significantly negative and gradually increased over time. Therefore, the sample passes the parallel trend test required for the differential estimation method.
[image: Figure 1]FIGURE 1 | Parallel trend test.
4.2.2 Changing the timing of policy shocks
To eliminate the influence of policies or random interference factors other than the BRI, this paper advances the start date time of the BRI by 1 year, 2 years, and 3 years, and carries out the placebo test, and the conclusions are shown in Table 5. The estimated coefficients of [image: image], [image: image] and [image: image] are still negative after controlling for year and city fixed effects, but they are not significant, indicating that the decline in the carbon emission intensity of cities along the routes was indeed brought about by the BRI proposed in 2013.
TABLE 5 | Excluding the interference of other policies.
[image: Table 5]4.2.3 Excluding the interference of other policies
China also introduced a number of other policies affecting carbon emissions in the sample year. For example, in 2011, the Chongqing-Xinjiang-Europe freight train from Chongqing to Duisburg was officially opened to traffic, becoming the first truly China-Europe freight train. The carbon emission trading policy, launched in 2013, was piloted in seven provinces and cities, including Beijing, Shanghai, Tianjin, Chongqing, Guangdong, Hubei and Shenzhen. The treatment and control groups may be affected by these concurrent policies. Therefore, to solve this problem, this paper sets two additional control variables, [image: image] and [image: image], in the model to study the impact of the BRI on the carbon emissions of cities along the routes. The regression results are shown in Table 6. The estimate of the core explanatory variable, [image: image], for each column is significantly negative, even after controlling for both control variables. From the perspective of control variables, the opening of the China-Europe freight train has no obvious impact on the carbon emission intensity of cities, but the carbon emission trading policy has a significant reduction effect on the cities’ carbon emission intensity.
TABLE 6 | PSM-DID test.
[image: Table 6]4.2.4 Randomly selected experimental group
There may be systemic differences between cities participating in the BRI and other cities, which may lead to bias in the results in dual difference selection. Therefore, the PSM-DID method is used in this paper to test the robustness of the baseline regression. This study uses the level of economic development, level of infrastructure construction, industrial structure, technological innovation, level of opening up and industrial structure as covariables to match the propensity scores of cities participating in the Belt and Road construction. The matching results show that 60 cities failed to find the appropriate control group. In this paper, the matching results were further tested and found to meet the equilibrium conditions. Therefore, the DID method can be used for regression. The regression results are shown in Table 7. Columns (1) and (2) are the results of the random effect regression, and columns (3) and (4) are the results of the fixed effect regression. In terms of the coefficient, symbol and significance of the regression results, whether control variables are added or not, the implementation of the Belt and Road policy has a significant effect on reducing carbon emission intensity, indicating that the conclusion of the basic regression is robust.
TABLE 7 | Endogeneity test: Instrumental variables method.
[image: Table 7]4.2.5 Treatment of endogeneity problems
In this paper, the instrumental variable method is used to eliminate the possible endogeneity problems in the model. Referring to Duranton et al. (2014) and Agrawal et al. (2017), this paper introduces the ancient Silk Road of China as the instrumental variable of cities along the Belt and Road into the model. This instrumental variable theoretically meets two conditions of effective instrumental variables: first, the Belt and Road is based on the ancient Silk Road, and one of its main goals is to revive the ancient Silk Road. Therefore, the selection of cities along the Belt and Road is highly correlated with the regions along the ancient Silk Road routes. Second, the ancient Silk Road is not correlated with the carbon emission level of modern cities, so this instrumental variable meets the exogeneity condition.
In the empirical analysis, we first set the instrumental variable [image: image] ([image: image] represents provinces (municipalities and autonomous regions) along the ancient Silk Road, [image: image] represents other provinces (municipalities and autonomous regions)) and then use the two-stage least squares method ([image: image]) for estimation. It should be noted that there is an endogenous variable [image: image] in model (1), so we use the multiplication term ([image: image]) as the instrumental variable of [image: image]. The regression results of the instrumental variables are shown in Table 8. Columns (1) and (2) list the results of the first-stage estimation. The coefficient of [image: image] is significantly positive at the 1% level, indicating that cities along the ancient Silk Road are more likely to be selected as cities along the Belt and Road. An [image: image] value greater than 10 indicates that the instrumental variable satisfies the correlation condition. Columns (2) to (4) are the results of the second-stage estimation, and the coefficient of the multiplication term [image: image] is significantly negative (before the addition of the control variable, it is significantly negative at the 10% level, and after the addition of the control variable, it is significantly negative at the 1% level), indicating that the conclusion of this paper is still valid after alleviating the endogeneity problems that may exist in the implementation of the BRI.
TABLE 8 | Using per capita carbon emissions.
[image: Table 8]4.2.6 Using per capita carbon emissions
Considering that per capita carbon emissions are also a common indicator used to measure carbon emissions, per capita carbon emissions are used to replace the carbon emission intensity indicator to verify the robustness of the model. The regression results are shown in Table 9. Columns (1) and (2) are the results of the random effect regression, and columns (3) and (4) are the results of the fixed effect regression. From the regression results, the implementation of the BRI has a significant reduction effect on the per capita carbon emissions of cities along the routes, indicating that the conclusion of the basic regression is robust.
TABLE 9 | Heterogeneity test.
[image: Table 9]4.3 Heterogeneity analysis
This paper examines the heterogeneity of the model from two aspects. First, according to the division of China’s administrative location, the sample is divided into three regions, eastern, central and western areas, to test the impact of the BRI on carbon emissions in different regions. Second, according to the median of carbon emission intensity in 2013, each city is defined as either a high carbon emission city (carbon emission intensity higher than the median of 2013) or a low carbon emission city (carbon emission intensity lower than the median of 2013). The heterogeneity test results are shown in Table 10. Columns (1), (2), and (3) are the regression results based on the sampled cities in the eastern, central and western regions, respectively. Columns (4) and (5) are the regression results based on cities with high and low carbon emissions, respectively. It can be seen that the BRI is more effective in reducing carbon emission intensity in the eastern and western regions, which may be because most cities along the routes are concentrated in the western and eastern regions. In addition, the impact of the BRI is more significant for cities with high carbon emissions than for cities with low carbon emissions, possibly because cities with high carbon emissions have more potential to reduce carbon emission levels.
TABLE 10 | Test of action mechanism.
[image: Table 10]5 IMPACT MECHANISM ANALYSIS
5.1 Model settings
The empirical analysis presented in Section IV indicates that the BRI can significantly reduce the carbon emissions in Chinese cities along the routes. Theoretical analysis shows that participation in the construction of the BRI can affect the carbon emissions of cities along the routes through the economic agglomeration effect, technological effect and industrial structure effect. In this section, we test the impact mechanism of the BRI on carbon emissions in Chinese cities along the routes using an intermediary effect model. The specific model is as follows.
[image: image]
[image: image]
[image: image] represents the intermediary variable. Based on the theoretical hypothesis above, the degree of economic agglomeration, technological innovation and industrial structure is used in this paper to represent the variable. Generally, in areas with higher economic agglomeration, the output scale in the same spatial unit is larger, and the same output scale occupies less space. Therefore, this paper adopts the non-agricultural output per unit area to measure the degree of economic agglomeration based on the study of Shao et al. (2019). For innovation, this paper refers to the practice of Kong et al. (2021) and uses the number of invention patents to measure the level of technology of Chinese cities. For the industrial structure, this paper uses the proportion of tertiary industry and secondary industry.
5.2 Empirical test
To test the validity of the three mechanisms proposed by theoretical mechanism analysis, this paper carries out corresponding empirical tests. The results show that participation in the BRI can reduce carbon emission intensity through the economic agglomeration effect and industrial structure effect, but the effect of reducing carbon emission intensity through the technology effect is not obvious.
Table 10 shows the mechanism of the inspection results. Columns (1–3) present the test of Eq. 3 and are explained by the economic agglomeration, technological progress and industrial structure. Columns (4–5) present the test of Eq. 2, including per capita Eq. 4 GDP, the level of openness, the financial development level, investment in fixed assets, urbanization rate, etc. Columns (1) and (4) show that the BRI can significantly improve the degree of economic agglomeration of cities along the routes, and economic agglomeration can significantly reduce the carbon emission intensity of cities along the routes, indicating that the BRI can reduce carbon emissions by improving the degree of economic agglomeration. Columns (3) and (6) show that the BRI can reduce carbon emissions through industrial structure adjustment. However, according to model (3), the effect of the BRI on the technological progress of cities along the routes is not obvious. According to column (4), the coefficient of technological progress is positive but not significant, indicating that technological progress does not have a positive effect on carbon emission intensity. If technological progress is characterized by a “green bias”, it will not be conducive to energy conservation and emission reduction because it will cause the expansion of the production scale (Shao et al., 2019). Due to the relatively long period of the environmental protection effect of technological progress, local governments may be more inclined to invest fiscal expenditures in areas with more immediate economic growth effects than energy conservation and emission reduction technology (Kezhong et al., 2011). In addition, the development and application of new technologies often have a time lag, and the development and promotion of new energy-saving and emission reduction technologies usually become evident over a certain period. Therefore, current technological advances do not necessarily reduce carbon intensity.
6 RESEARCH CONCLUSIONS AND POLICY IMPLICATIONS
In this paper, the DID method was used to empirically analyze the impact of the BRI on the carbon emissions of cities along the routes of the BRI in China, as well as the heterogeneous impacts of the BRI on cities in different regions and with different carbon emission intensities. Through theoretical and empirical analysis, the following conclusions were drawn. First, the BRI has significantly reduced the carbon intensity of cities along the routes. The results remained robust after the introduction of counterfactual tests, the replacement of carbon emission measures, the use of GMM models to mitigate possible endogeneity, and other robustness tests. Second, the results of heterogeneity analysis show that the BRI has a significant reduction effect on carbon emission intensity in the eastern and western regions but not in the central region. It has a significant effect on cities with higher carbon emission intensity but has no significant effect on cities with lower carbon emission intensity. Finally, the results of the mechanism analysis show that the BRI can reduce the carbon emission level by promoting economic agglomeration and industrial structure adjustment of cities along the Belt and Road, but the impact of reducing carbon emission intensity through technological progress is not significant.
Based on the above conclusions, the following policy recommendations of this study are offered. First, China should continue to adhere to the concept of green development along the Belt and Road; adhere to the general principles of green production, green trade, green finance and green living; expand the coverage of the BRI; and allow more cities to participate in the construction of the BRI. Second, we should vigorously develop the economy of city clusters, support the construction of cities along the Belt and Road, and promote regional economic integration. The results of the mechanism analysis show that the BRI can reduce the carbon emission intensity of cities along the routes through the economic agglomeration effect. This is evidence of the environmental effect of economic agglomeration in Chinese cities and suggests that promoting a regional integration strategy and pursuing China’s energy conservation and emission reduction target may have promising implementation effects. Finally, cities along the routes should focus on adjusting their industrial structure while adhering to the coordinated development of the three major industries. On the one hand, carbon emissions from secondary industries, such as electricity, manufacturing and construction, should be strictly controlled to promote the production capacity of these industries. On the other hand, the development of low-carbon tertiary industry should be encouraged, and the transformation of some industries from secondary industries to tertiary industries should be promoted.
The research deficiencies and future research prospects of this paper are as follows. First, the research data are from the urban level in China. In the following research, it is possible to study carbon emissions from the national level or the industrial level to obtain more targeted policy suggestions. Second, the optimization of the energy structure is the key to carbon neutrality. Will the BRI further promote the upgrading of China’s energy consumption structure while reducing the carbon emissions of Chinese cities? Due to the length and the research topic, we have not engaged in a deep discussion on the above two points, which is not only because of the lack of research in this paper but also shows that there is a potential for future research directions.
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Notes: The numbers in parentheses are standard errors. *, **, and *** represent the
sionificance level at the 10%, 5%, and 1%, respectively.
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Notes: The numbers in parentheses are standard errors. *, **, and *** represent the
sionificance level at the 10%, 5%, and 1%, respectively.
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Notes: The numbers in parentheses are standard errors. *, **, and *** represent the
sionificance level at the 10%, 5%, and 1%, respectively.
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