[image: image1]Assessing the synergistic effect of “pollution and carbon reduction” and “economic growth”: a perspective from bilateral trade between China and RCEP countries

		ORIGINAL RESEARCH
published: 01 October 2024
doi: 10.3389/fenvs.2024.1415808


[image: image2]
Assessing the synergistic effect of “pollution and carbon reduction” and “economic growth”: a perspective from bilateral trade between China and RCEP countries
Ya Wen1, Ruijie Shu2, Chen Gao3* and Shiling Yan4*†
1Business School, Hunan First Normal University, Changsha, Hunan, China
2College of Business, City University of Hong Kong, Hong Kong, China
3The School of Finance, Hunan University of Technology and Business, Changsha, Hunan, China
4Department of Agriculture and Forestry Technology, Weifang Engineering Vocational College, Qingzhou, Shandong, China
Edited by:
Martin Siegert, University of Exeter, United Kingdom
Reviewed by:
Godwin Oluseye Olasehinde-williams, Istanbul Commerce University, Türkiye
Kashif Iqbal, Shanghai Dianji University, China
* Correspondence: Chen Gao, gaoc9206@163.com; Shiling Yan, lindawithyou@163.com
†ORCID: Shiling Yan, orcid.org/0009-0006-2546-4751
Received: 11 April 2024
Accepted: 20 September 2024
Published: 01 October 2024
Citation: Wen Y, Shu R, Gao C and Yan S (2024) Assessing the synergistic effect of “pollution and carbon reduction” and “economic growth”: a perspective from bilateral trade between China and RCEP countries. Front. Environ. Sci. 12:1415808. doi: 10.3389/fenvs.2024.1415808

Introduction: With the accelerating process of globalization, trade activities have had profound impacts on both the environment and economic development.Methods: This paper comprehensively evaluates the synergistic effect of bilateral trade on “pollution reduction” and “carbon mitigation,” as well as “economic growth,” utilizing panel data from China and RCEP countries spanning the period from 1997 to 2020.Results: The empirical results reveal that bilateral trade significantly propels economic growth in RCEP countries and exhibits a positive “pollution reduction” effect, whereas its “carbon reduction” effect remains uncertain. To delve into the underlying reasons for bilateral trade’s failure to effectively mitigate carbon emissions, this paper undertakes a mechanism test along two opposing paths. Notably, the influence of bilateral trade on economic growth and “pollution reduction” in RCEP countries varies regionally. Specifically, bilateral trade is more efficacious in fostering economic growth in ASEAN countries. Additionally, bilateral trade enhances environmental quality in ASEAN countries, yet it deteriorates in non-ASEAN countries. Furthermore, this paper examines the intricate relationship between bilateral trade, economic growth, and “pollution reduction” through the application of the PVAR model. It concludes that optimizing environmental quality in RCEP countries is conducive to both local economic growth and bilateral trade.Conclusion: This study not only bears significant implications for understanding the complex interplay between economic growth, environmental quality, trade liberalization, and environmental policies, but also provides invaluable guidance for policy formulation and implementation aimed at achieving green transformation and fostering sustainable economic development.Keywords: bilateral trade, economic growth, environmental quality, carbon emission, RCEP
1 INTRODUCTION
The global economic landscape has been significantly impacted by the ongoing COVID-19 pandemic, with growth rates slowing across various economies. However, amidst this backdrop, bilateral trade between China and the members of the Regional Comprehensive Economic Partnership (RCEP) has demonstrated remarkable resilience and growth potential (Fang et al., 2022). As nations strive for economic revitalization and job creation through strategic measures such as investment promotion, innovation drive, and international cooperation, the nexus between economic growth and environmental sustainability has gained renewed significance (Li et al., 2023).
In recent years, the relationship between economic development and environmental quality has evolved from a perceived dichotomy to a mutually reinforcing one, with both objectives being achievable through innovative policies and practices (Li et al., 2020). China, as a global leader in climate action, has consistently emphasized green and low-carbon development as a strategic imperative for advancing ecological civilization and fostering sustainable development (Zhu and Lan, 2023; Bai et al., 2024). Despite the IEA’s projection of a marginal increase in global CO2 emissions from industrial processes and energy combustion in 2022, the rate of this growth remains lower than that of global GDP, signaling a modest improvement in energy-use intensity.
The international community has converged on the imperative of controlling pollution and carbon emissions, recognizing the severity of climate change and the urgency of addressing environmental challenges (Li and Li, 2020). Amidst this consensus, international cooperation has intensified, with agreements and mechanisms being formulated to jointly tackle climate change and enhance environmental stewardship (Schneider and La Hoz Theuer, 2019). The RECP, as one of the largest, most populous, and geographically widest-ranging free trade agreements in the world, not only aims to promote trade liberalization and economic integration among its member states but also holds the potential to deepen environmental cooperation and jointly address global environmental challenges. Hence, our motivation for selecting RECP countries as the subject of this study stems from the following aspects.
To start with, RECP member countries span economies in East Asia, Southeast Asia, and Oceania, which are interdependent in terms of economic development and face similar environmental challenges. Studying environmental cooperation among RECP countries can help reveal the positive impacts of regional economic integration on environmental governance, providing valuable insights for other regions. Then, while economic issues dominate the RECP agreement, member countries have also expressed their shared concern for environmental sustainability during the signing process. By examining environmental policy coordination and mechanism innovation within the RECP framework, we can gain insights into how to promote economic growth without compromising the environment, exploring green development models tailored to the region. Furthermore, the world is currently confronting grave environmental challenges such as climate change, biodiversity loss, and increasing pollution. As significant economies and natural resource users, RECP countries’ environmental policies and practices significantly impact the global environment. By studying these countries, we can better understand how to foster global environmental cooperation and jointly tackle global environmental issues. Finally, RECP countries generally recognize and are committed to achieving the United Nations’ 2030 Agenda for Sustainable Development, including numerous environmental-related goals such as environmental protection and climate action. By thoroughly analyzing RECP countries’ efforts and achievements in pursuing these goals, we can provide valuable references and insights for other countries and regions, fostering sustainable development worldwide.
Given China’s pivotal role within the RCEP and its substantial trade ties with other member nations, totaling 12.95 trillion yuan in 2022, a year-on-year increase of 7.5% and accounting for 10.7% of China’s GDP (customs data), it is imperative to understand the multifaceted implications of bilateral trade for the region’s environment and economy. Trade, as a catalyst for industrial development, technological advancements, and resource optimization, can propel economic growth while facilitating the dissemination of environmental protection technologies and best practices. This begs the question: Can bilateral trade between China and RCEP members achieve a harmonious balance between pollution and carbon reduction, on the one hand, and economic growth, on the other?
The motivation for this study stems from the pressing need to evaluate the intricate interplay between bilateral trade, environmental quality, and carbon emissions within the RCEP framework. By investigating this relationship, we aim to contribute to the following objectives: Firstly, providing a nuanced assessment of the environmental and economic implications of regional economic integration. Secondly, exploring the role of bilateral trade in mitigating pollution and carbon emissions across diverse economic and social contexts, thereby enhancing our understanding of trade-related channels and mechanisms for environmental protection. Thirdly, through a heterogeneity analysis, we seek to discern the differential impacts of bilateral trade on ASEAN and non-ASEAN countries, informing the formulation of targeted policies. Lastly, employing the Panel Vector Autoregression (PVAR) model to analyze the dynamic interactions among bilateral trade, environmental quality, and carbon emissions offers critical insights for fostering a positive synergy among these variables.
Moreover, this study contributes to the existing literature in several novel ways. Firstly, it fills a gap in the research on the environmental impacts of bilateral trade within the context of mega-regional free trade agreements, specifically the RCEP, which has yet to be thoroughly explored. Secondly, by focusing on both ASEAN and non-ASEAN member countries, our study offers a more comprehensive analysis of the differential impacts of bilateral trade on environmental outcomes across diverse economies and social contexts. Thirdly, the application of the PVAR model allows for a dynamic and intertemporal examination of the relationship between bilateral trade, environmental quality, and carbon emissions, providing a more nuanced understanding of the complex interactions among these variables. Finally, our findings offer practical implications for policymakers in RCEP countries, as well as other regions contemplating similar trade agreements, by highlighting the potential benefits and challenges associated with promoting economic growth while safeguarding environmental sustainability.
The structure of this paper unfolds as follows: Section 2 delves into the literature review and theoretical framework, Section 3 outlines the methodology and data sources, Section 4 presents the empirical findings and discussions, and Section 5 concludes with policy implications and future research directions.
2 LITERATURE REVIEW AND THEORETICAL ANALYSIS
The implementation of RCEP in China has strengthened economic ties and cooperation with other members, promoted trade and investment liberalization, and thus driven economic growth and industrial upgrading (Chen and Chen, 2021). On the one hand, RCEP will reduce tariff and non-tariff barriers as well as trade costs among members, and simplify trade procedures and standards, making China’s goods and services more competitive, stimulating export growth and import diversification (Peng et al., 2022). On the other hand, RCEP provides Chinese enterprises with broader market access opportunities in other members’ markets (Zhang et al., 2023). In addition, enterprises from other members will have easier access to the Chinese market, which will expand the size of bilateral trade and encourage the growth of imports and exports. In addition, enterprises from other members will have easier access to the Chinese market, which will expand the size of bilateral trade and encourage the growth of imports and exports. So, is the bilateral trade between China and RCEP members effective in “reducing pollution and carbon emissions” and “economic growth”? From the existing literature, this article explains the following two aspects.
2.1 Bilateral trade and economic growth
With the continuous deepening of international relations and economic integration, the relationship between trade openness and economic growth has become a hot topic of concern. From existing literature, the conclusion that trade openness contributes to economic growth has been supported by numerous studies (Schneider, 2005; Ma et al., 2019; Arvin et al., 2021; Zhuang et al., 2022). Trade openness can enable enterprises to gain broader markets, increase sales opportunities and potential consumers, and foster production and investment activities (Tiwari et al., 2022). At the same time, trade openness can also introduce more advanced products and technologies, increase production efficiency and competitiveness, thus helping to optimize resource allocation and facilitate economic efficiency (Chang et al., 2009). As economic globalization has deepened, the proportion of service trade in international trade has been gradually increasing. By opening up the service market, enterprises can provide a wider range of services, such as finance, transportation, education, tourism, etc. The growth of the service industry creates more employment opportunities and economic growth points for countries (Du and Liu, 2023).
As a globally populous country and the second largest economy, China’s bilateral trade with RCEP members can expand the market size of these nations. China’s vast consumer market and demand potential provide more development and export opportunities for enterprises in RCEP countries. Through bilateral trade with China, RCEP countries can benefit from China’s technology and management experience. China has advanced technology and manufacturing capabilities in many fields, and trade with China can promote technology transfer and cooperation, raising the industrial level and innovation capabilities of RCEP countries. In addition, China offers more investment opportunities for RCEP countries via bilateral trade (Jiang and Yu, 2021). China is one of the world’s largest sources of foreign direct investment, and trade with China can attract more foreign investment, boost the scale and production of enterprises in RCEP countries, and thus create jobs. According to the resource allocation theory, bilateral trade achieves optimal resource allocation. China meets its needs through imports, while RCEP countries utilize their resources and labor through exports. This optimization of resource allocation improves production efficiency and economic growth.
2.2 Bilateral trade, pollution and carbon reduction
There are two main theories about the relationship between trade openness and pollution and carbon reduction. One is the theory of trade benefits, which means that trade openness is beneficial for reducing environmental pollution and carbon emissions. Existing research also strongly supports this viewpoint. As Frankel and Rose (2005) argued, trade helps propel economic growth, and trade is negatively correlated with air pollution. Kim et al. (2019) found that trade openness has a significant inhibitory effect on carbon emissions in developed countries, as developed countries typically tend to develop high value-added and low intensity service, as well as knowledge intensive industries, while outsourcing high energy and carbon emission industries to developing countries. Cai et al. (2022) believed that trade liberalization encourages domestic trading enterprises to choose more proactive pollution reduction strategies, that is, signing the CAFTA helps reduce the pollution emissions of trading enterprises. Tan and Sheng (2022) used Chinese enterprise data to study that export trade significantly suppressed corporate pollution emissions. Some scholars have examined the influencing factors of sustainable development and environmental protection from the perspective of green trade.
Olasehinde-Williams and Folorunsho (2023) tested the validity of Porter’s Hypothesis by examining the combined impact of green trade and tightened environmental policies on the sustainable development of the European Economic Area. Lee et al. (2023) found that both green trade and economic complexity have made positive contributions to environmental protection in 24 EU countries, and their interaction has reinforced their individual benefits. This indicates that promoting both green trade and economic complexity can effectively promote sustainable development, encouraging countries to increase local production capacity or utilize international green trade.
The other is the trade-harming theory, which means that trade openness will worsen environmental quality and increase carbon emissions. Its representative theories mainly include the “pollution paradise” hypothesis and the “race to the bottom line” hypothesis (Walter and Ugelow, 1979; Esty and Dua, 1997). Copeland and Taylor (1997) pointed out that free trade may lead to a negative cycle of low real income and environmental quality, and high pollution emissions. Li and Qi (2011) believed that trade openness has increased China’s carbon emissions, and the environmental benefits of trade are smaller than the “race to the bottom line” influence. Wang and Xu (2015) found through their study of quarterly data in China that trade openness significantly encourages carbon emissions in the long term, meeting the “pollution paradise” hypothesis. Dai (2017) used the instrumental variables estimation method and found that trade openness will worsen environmental quality, of which export trade is the main reason for the deterioration of environmental. Khan et al. (2021) employed empirical evidence from the top ten manufacturing countries to show that commodity trade is positively related to economic growth and negatively related to environmental quality.
Bilateral trade between China and RCEP members could have an impact on the environmental quality and carbon emissions of RCEP countries through the following channels. Firstly, China has rich experience and advanced technology in clean energy, environmental protection technology, and sustainable development (Yu and Tsai, 2018). Through bilateral trade with China, RCEP countries can benefit from the spillover of Chinese technology, introduce and apply advanced environmental protection technologies, and thus facilitate the process of pollution and carbon reduction. Secondly, bilateral trade between China and RCEP countries can incentivize enterprises to adopt more environmentally friendly production methods and supply chain management, promoting the reduction of pollution and carbon emissions. Thirdly, China is one of the largest sources of foreign direct investment in the world. RCEP countries can attract more foreign investment and advance green development, pollution and carbon reduction projects and industries through bilateral trade with China.
As mentioned above, scholars have conducted extensive research on the relationship between trade openness, economic growth, as well as pollution and carbon reduction from different perspectives. Reviewing the existing literature, it is found that current research has mainly focused on the impact of trade openness on China’s economic growth or environmental quality, while there is relatively little research has been done on the impact of bilateral trade with China on the economic growth or pollution and carbon reduction of other nations. Therefore, based on the Panel data of RCEP countries, this paper uses a combination of theoretical and empirical methods to evaluate the synergistic effect of “pollution and carbon reduction” and “economic growth” of bilateral trade.
3 METHODOLOGY AND DATA
3.1 Model settings
In order to test the impact of bilateral trade between China and RCEP countries on economic growth and pollution and carbon reduction, a multivariate linear regression model is constructed in this paper. The balanced panel data for the RCEP countries from 1997 to 2020 is selected. The model is set up as shown in Equation 1:
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where [image: image] and [image: image] represent country and year, respectively, [image: image] is the dependent variable of this paper, including economic growth ([image: image]), environmental quality ([image: image]), and carbon emissions ([image: image]), [image: image] conveys the bilateral trade between China and RCEP countries, which is the core explanatory variable, [image: image] is a set of control variables, including urbanization ([image: image]), population density ([image: image]), foreign investment openness ([image: image]), natural resource endowment ([image: image]), and government governance level ([image: image]), [image: image] and [image: image] represent national fixed effects and time fixed effects, respectively, [image: image] is the random error term.
3.2 Variables
3.2.1 Dependent variables
The dependent variables include economic growth ([image: image]), environmental quality ([image: image]) and carbon emissions ([image: image]).
We adopt real per capita GDP as the proxy variable for economic growth, which is the most direct and widely accepted indicator to measure the level of economic development in a country or region (Zhang and Wang, 2023). The growth of per capita GDP reflects the overall scale of economic activity and the average living standard of residents, which is crucial for understanding how trade promotes or hinders economic growth.
PM2.5 concentration is chosen as the measure of environmental quality due to its status as a primary component of air pollution that directly affects human health and environmental quality (Sahoo and Sethi, 2022). With the acceleration of industrialization and urbanization, PM2.5 pollution has become a global environmental concern, and its level changes can intuitively reflect the potential impact of trade activities on environmental quality.
Per capita carbon dioxide emissions serve as the proxy variable for carbon emissions, reflecting energy consumption and greenhouse gas emissions in economic activities (Liu et al., 2023). Trade activities often accompany the cross-border flow of goods and services, significantly impacting carbon emissions. Therefore, including carbon emissions in our study is essential for understanding the relationship between trade and climate change.
3.2.2 Core explanatory variable
The core explanatory variable is bilateral trade ([image: image]), with 1997 as the base period and the actual trade volume between China and RCEP members as the proxy variable for bilateral trade. Bilateral trade is chosen as the core explanatory variable because it is a crucial driver of economic interactions between nations (Wang and Tao, 2024). Given the focus of our study on China and RCEP countries, the volume of trade between these partners provides a direct measure of economic engagement. Changes in bilateral trade can significantly impact the economic growth prospects, environmental pressures, and carbon emissions of both parties.
3.2.3 Control variables
The control variables include several items. This paper draws on the research of Wang Q. et al. (2018), Khan et al. (2019), Hamid et al. (2022), as well as Li and Zhang (2023), and selects the following indicators that will simultaneously affect economic growth, environmental quality, and carbon emissions as the control variables.
Urbanization ([image: image]): The proportion of urban population to total population captures the process of urbanization, which is known to drive both economic growth and environmental changes. Rapid urbanization often leads to increased industrialization, consumption patterns, and resource use, all of which can affect both economic prosperity and environmental degradation. Therefore, urbanization is an essential control variable to account for its confounding effects.
Population Density ([image: image]): Population density measures the distribution of people across a given area. High population density areas tend to experience greater environmental pressures due to increased demand for resources and services. At the same time, these areas also often exhibit higher levels of economic activity and potential for technological advancements that can mitigate environmental impacts. Including population density as a control variable ensures that the estimated effects of bilateral trade are not merely reflecting differences in population distribution.
Foreign Investment Openness ([image: image]): The proportion of actual utilization of foreign investment to GDP reflects a country’s openness to and integration with the global economy. There is a notable relationship between a country’s participation in global value chains and its carbon emissions (Olasehinde-Williams and Özkan, 2023). Meanwhile, FDI, as a vital means for multinational corporations to organize global production networks, contributes to enhancing the host country’s participation in global value chains (Zhao et al., 2023). FDI can bring in capital, technology, and knowledge that contribute to economic growth but may also lead to the transfer of polluting industries, thereby affecting environmental quality and carbon emissions. Controlling for FDI is crucial to disentangle its potential confounding effects from those of bilateral trade.
Resource Endowment ([image: image]): Measured by the proportion of total natural resource rent to GDP, resource endowment captures a country’s abundance of natural resources (Xiong and Wang, 2018). Resource-rich countries often rely heavily on resource extraction for economic growth, which can have adverse effects on the environment and lead to the so-called “resource curse.” Including resource endowment as a control variable helps isolate the unique impact of bilateral trade on economic growth and environmental outcomes, net of the effects stemming from a country’s natural resource base.
Government Governance ([image: image]): The World Governance Indicators (WGI) offer a comprehensive assessment of a country’s governance quality across six dimensions: political stability, corruption control, government effectiveness, regulatory quality, rule of law, and voice and accountability. Effective governance is essential for sustainable economic growth and environmental protection. By averaging these six sub-indicators, we capture the overall level of government governance, which is crucial in shaping policies and institutions that influence economic outcomes and environmental behaviors (Yuan et al., 2018). Controlling for governance quality is essential to isolate the impact of bilateral trade from that of the broader institutional and political environment.
3.3 Data and descriptive statistics
This article focuses on 14 RCEP members over the period 1997 to 2020. Per capita carbon dioxide emissions data were collected from the IEA database, bilateral trade data between China and other countries were sourced from the China Statistical Yearbook, government governance data were sourced from the WGI database, and other variable data were collected from the World Bank’s WDI database. Individual missing data shall be filled with Linear interpolation method. The descriptive statistics of variables are shown in Table 1.
TABLE 1 | Descriptive statistics.
[image: Table 1]4 RESULTS AND DISCUSSION
4.1 Benchmark regression
This paper employs the stepwise law of return method to examine the impact of bilateral trade on economic growth, environmental quality and carbon emissions of RCEP countries. Drawing on the approach of Fang (2023), in order to control for the effects of factors that do not change over time, we adopt a bidirectional fixed effect model for regression. Columns (1), (3), and (5) of Table 2 show the results without the addition of control variables, while columns (2), (4), and (6) show the results with the addition of control variables. The results of columns (1)–(2) indicate that bilateral trade significantly promotes the economic development of RCEP countries. The results of columns (3)–(4) convey that the coefficient of bilateral trade is significantly negative, meaning that bilateral trade has suppressed the deterioration of environmental quality in RCEP countries. The results of columns (5)–(6) imply that the coefficient of bilateral trade is positive, but it did not pass the 10% significance level test, showing that the influence of bilateral trade on carbon emissions in RCEP countries is not significant. Based on the above results, although bilateral trade has stimulated the economic development of RCEP countries and suppressed their environmental quality deterioration, it has not had a significant impact on carbon emissions. This indicates that bilateral trade has played a synergistic effect of “pollution reduction” and “economic growth”, and there is still uncertainty about the “carbon reduction” effect.
TABLE 2 | Benchmark results.
[image: Table 2]4.2 Robust test
To examine the reliability and robustness of the benchmark results mentioned above, this paper reconducts empirical estimation from the perspective of replacing the dependent variable. First, referring to the method of Huang et al. (2022), real GDP was used to characterize economic development. The results are shown in column (1) of Table 3. It can be found that the coefficient of bilateral trade on the economic development of RCEP countries is still significantly positive, conveying that the conclusion that bilateral trade can enhance the economic development of RCEP countries is robust. Then, drawing on the research of Aydin et al. (2019), ecological footprint can better measure the sustainability of the ecological environment. Therefore, we use ecological footprint as the proxy variable of environmental quality (Wang and Dong, 2019; Sui and Chen, 2021). The results are shown in column (2) of Table 3. Bilateral trade has substantially curbed the expansion of ecological footprints, implying that bilateral trade is robust in curbing the deterioration of environmental quality. Finally, according to the research of Sun and Shen (2016), the carbon footprint index is employed to represent carbon emissions. The calculation of the carbon footprint is conducive to formulating targeted emission reduction strategies (Fenner et al., 2018). The results of column (3) in Table 3 show that the coefficient of bilateral trade is not significant, indicating that bilateral trade has no considerable influence on the carbon footprint of RCEP countries, which supports the robustness of the above benchmark results.
TABLE 3 | Robustness results.
[image: Table 3]4.3 Heterogeneity test
The above empirical results suggest that, overall, bilateral trade significantly boosts economic growth and dampens environmental quality deterioration in RCEP countries, but does not play a role in reducing carbon emissions. Are there, then, differences in this result between different types of countries? To answer this question, this paper will examine the heterogeneous impact of bilateral trade on “pollution and carbon reduction” and “economic growth” from the perspective of location characteristics. The RCEP membership is made up of 15 countries, including China, Japan, South Korea, New Zealand, Australia and ten ASEAN countries. Given that this article focuses on bilateral trade between China and RCEP countries, the total sample is divided into ASEAN countries (10 countries) and non-ASEAN countries (4 countries) based on location and economic characteristics. Of these, all the countries in the ASEAN group, except Singapore, are developing countries, while the samples in the non-ASEAN group are developed countries.
Table 4 columns (1)–(3) report the estimated results of the ASEAN group of countries, while columns (4)–(6) state the results of the non-ASEAN group of countries. By comparing the coefficients of bilateral trade in columns (1) and (4), it was found that bilateral trade has a considerable positive effect on economic growth in both ASEAN and non-ASEAN nations. Bilateral trade has a greater economic growth effect in ASEAN countries compared to non-ASEAN countries. The possible reason is that ASEAN countries are still in the development stage in some industrial fields and have a high demand for technology and knowledge. As a leading country in manufacturing and technological innovation, China possesses advanced technology and professional knowledge. Through bilateral trade, China can transfer technology and knowledge to ASEAN countries, facilitating their industrial upgrading and economic development. In addition, there are certain similarities in cultural backgrounds and business habits between China and ASEAN countries, which helps both parties to establish and develop business cooperation relationships more easily (Ruan et al., 2022). The results of columns (2) and (5) reflect that bilateral trade has improved the environmental quality of ASEAN countries, while deteriorating the environmental quality of non-ASEAN countries. The explanation given in this article is that through trade cooperation with ASEAN countries, China can spread environmental protection technologies to ASEAN countries, helping them increase environmental quality. In addition, Chinese enterprises can also introduce advanced environmental protection equipment and technology into ASEAN countries to optimize their environmental governance level (Wang and Gao, 2019). Compared with developed countries, China’s environmental standards may be relatively low. If Chinese products cause more pollution to the environment during the production process, which leads to a deterioration of the environmental quality in developed countries. From the results of columns (3) and (6), it was found that the coefficients of bilateral trade did not pass the 10% significance level, indicating that bilateral trade did not have carbon reduction effects in both ASEAN and non-ASEAN groups.
TABLE 4 | Heterogeneity test results.
[image: Table 4]4.4 Mechanism verification
The previous analysis shows that although bilateral trade has advanced economic growth and environmental quality in RCEP countries, it has no obvious impact on local carbon emissions. Considering that bilateral trade may reduce regional carbon emissions by technological innovation and encourage the level of information infrastructure, it may also increase regional carbon emissions by supporting industrialization. This paper aims to identify and examine these two pathways of action. Referring to the practices of Jiang and Luo (2022) and Zhang et al. (2023), Equation 2 is constructed for mechanism validation:
[image: image]
where [image: image] is a mechanism variable, which is used to examine the relationship between mechanism and core explanatory variables, including technological innovation, information infrastructure and industrialization level. And separately adopt the number of patent applications, internet penetration rate, and industrial value added/GDP as proxy variables for the above three. According to the existing literature, if [image: image] is significant and the sign is positive, information infrastructure will restrain carbon emissions (Chen et al., 2023; Xie et al., 2023), and industrial development boost carbon emissions (Wang S. et al., 2018), it indicates that bilateral trade can affect carbon emissions of RCEP countries via [image: image], but the direction of its impact is uncertain.
Table 5 reports the results of mechanism testing. It is not difficult to find that bilateral trade suppresses carbon emissions by stimulating technological innovation and information infrastructure in RCEP countries, while bilateral trade encourages carbon emissions via supporting industrialization in RCEP countries. Based on the analysis of the two opposite pathways mentioned above, it is once again evident that the “carbon reduction” effect of bilateral trade on RCEP countries is not significant.
TABLE 5 | Mechanism verification results.
[image: Table 5]4.5 Further discussion
4.5.1 Preliminary preparation of PVAR model
With the aim of studying the dynamic interaction among bilateral trade, economic growth and environmental quality, this paper constructs a panel vector autoregression (PVAR) for analysis. The PVAR model does not require presetting causal relationships between variables and distinguishing between endogenous and exogenous. Instead, all variables are treated as endogenous variables, and the interaction between each variable and the lagged term is analyzed. The model is set up as follows in Equation 3:
[image: image]
where [image: image] is a column vector that includes bilateral trade, economic growth, and environmental quality, [image: image] represents the coefficient matrix of the lagging variable, [image: image] is the country effect column vector, reflecting individual differences in cities, [image: image] represents a dummy variable of time effect, reflecting the impact of time changes on different cities, [image: image] is a random perturbation term.
To ensure the accuracy of model estimation and avoid the phenomenon of “pseudo regression”, we conducted stationarity tests on three variables: bilateral trade, economic growth, and environmental quality. Referring to the research of Wang and Xiang (2022), this paper selects LLC test, IPS test, HT test and ADF test to investigate whether there is a Root of unity in variables. See Table 6 for the results. It can be seen that bilateral trade, economic growth, and environmental quality cannot be completely significant at the 10% level, conveying that all three variables are unstable. However, after first-order difference processing, all variables passed the 1% significance test, indicating that bilateral trade, economic growth, and environmental quality are in a first-order single integer sequence. In order to further test whether there is a long-term stable equilibrium relationship among the three variables, this article employs the Kao test to conduct cointegration tests on the data after the first-order difference of all variables. The Kao test results reply that the t-statistic value of ADF is −10.832, and the P-value is 0.000, which rejects the original hypothesis, meaning a stable equilibrium relationship between bilateral trade, economic growth, and environmental quality.
TABLE 6 | Root of unity test results.
[image: Table 6]Before conducting PVAR model estimation, it is necessary to determine the optimal lag order of the model. Drawing on the approach of Yan and Wu (2016), this article uses MBIC, MAIC, and MQIC to determine the lag order. According to the results in Table 7, the first order PVAR model has the smallest MBIC and MQIC, while the second order PVAR model has the smallest MAIC. Therefore, the lag order of the PVAR model is determined to be 1 through comprehensive evaluation.
TABLE 7 | Selection of optimal lag order.
[image: Table 7]4.5.2 GMM estimation results
After determining the root of unity test and the optimal lag order, this paper studies the relationship between bilateral trade, economic growth and environmental quality based on generalized method of moments (GMM). GMM estimation is a parameter estimation technique used to estimate the parameters within a PVAR model. The GMM estimation method for PVAR models enables the precise estimation of autoregressive coefficients, cross-correlation coefficients, and their corresponding confidence intervals for each variable, thereby uncovering the immediate and long-term dynamic relationships among variables. Furthermore, it captures the long-run equilibrium trends of the model, providing a solid foundation for forecasting the future states of variables. Additionally, the models constructed using this estimation method serve as potent instruments for economic simulations and policy impact analyses. Table 8 reports the estimated results of GMM. The results show that bilateral trade with a lag of one order has a substantial boosting effect on its current level, implying that the increase in bilateral trade has a certain inertia. When economic growth is taken as the dependent variable, lagged first-order bilateral trade has a considerable positive influence on current economic growth. However, the higher the PM2.5 value of lagged first-order, the less conducive it is to economic growth, indicating that the improvement of lagged first-order environmental quality is conducive to increasing the current economy. The development of environmental protection industries can create more job opportunities (Panwar et al., 2011). For example, developing renewable energy, clean technology, and environmental monitoring, so as to attract a large number of highly skilled and value-added employment opportunities and propel economic growth. When PM2.5 is used as the dependent variable, the coefficient of lagged first-order bilateral trade is significantly negative, indicating that the previous period’s bilateral trade improved the current environmental quality. The lagging first-order PM2.5 has a considerable promoting effect on the current PM2.5, indicating that the optimization of environmental quality has a sustained characteristic. Environmental problems are often the result of long-term accumulation and impact. Only through continuous environmental protection measures, monitoring, and management can we achieve continuous improvement of environmental quality and sustainable development.
TABLE 8 | GMM estimation results of PVAR model.
[image: Table 8]4.5.3 Impulse response analysis
To visually display the response mechanism between bilateral trade, economic growth, and environmental quality, we adopt pulse response graphs for analysis. The impulse response approach is to characterize the current and future dynamic response of a standardized shock on the error term of one variable against another, while keeping the other variables under control. The pulse response function is shown in Figure 1. It can be observed that all impulse response plots exhibit a convergence trend, indicating that the model has stability.
[image: Figure 1]FIGURE 1 | Pulse response diagram.
When economic growth is affected by one standard deviation, it can exhibit an obvious positive impact on itself, followed by a rapid decline. In the third period, there is a weak fluctuation around the zero axis, until the influence on itself approaches zero in the fifth period. After being impacted by the standardization of economic growth, PM2.5 experienced a strong positive reaction in the first phase, with the reaction intensity reaching its maximum. Later, it drops to the third phase and becomes a negative response, fluctuating around the null axis. In the sixth phase, the effect largely disappears, meaning that economic growth initially causes environmental deterioration, and over time, economic growth improves environmental quality. Bilateral trade showed a weak positive response when affected by economic growth, then decreased to a negative response in the second period, and rapidly increased to a positive response in the third period, until the impact in the fifth period basically disappeared, which implies that economic growth has a sustained effect on environmental quality and bilateral trade in the long run.
When PM2.5 is influenced by a standard deviation, it promptly exhibits a strong positive effect on itself, with the impact value reaching its maximum, and then rapidly decreasing to become negative. In the second phase, there is a small increase followed by a gradual decrease until it approaches 0 in the sixth phase. When economic growth and bilateral trade are affected by PM2.5, the reaction is mostly consistent. In the first phase, there is a positive reaction, and the reaction intensity reaches its maximum. It then decreases to the second phase and stabilizes, and gradually decreases to the null axis in the fourth phase. This denotes that improving environmental quality is not conducive to economic growth and bilateral trade in the initial stage, while over time, environmental quality will have a positive effect on both.
When bilateral trade is affected by a standard deviation, it speedily shows an obvious positive impact on itself, followed by a rapid decline. In the third period, it begins to fluctuate weakly around the null axis, until the effect on itself approaches zero in the fifth period. When economic growth is impacted by bilateral trade, it straightaway exhibits a negative response, and then rapidly increases to a positive influence in the first period. By the third period, the positive response reaches its maximum and begins to decline until the effects of the fifth period disappears. When PM2.5 is influenced by bilateral trade, it instantaneously shows a positive response, and then rapidly decreases to a negative impact in the first phase. In the second phase, it shows a slight increase and approaches zero, indicating that the influence of bilateral trade on environmental quality is relatively short-lived.
5 CONCLUSIONS AND POLICY RECOMMENDATIONS
5.1 Conclusions
The parallel pursuit of “pollution and carbon reduction” alongside “economic growth” not only aligns with sustainable development goals but also fosters green economic transformation, enhancing resource efficiency, innovation, and international competitiveness. Employing panel data from China and RCEP member countries, this study examines the intricate interplay between bilateral trade, economic growth, and environmental quality. The key conclusions are:
(1) Bilateral trade significantly boosts economic growth and environmental quality in RCEP nations, yet its impact on carbon emissions is nuanced. It curbs emissions through technological innovation and information infrastructure improvements but exacerbates them via industrialization. Thus, the net “carbon reduction” effect hinges on the balance of these competing forces.
(2) The effects of bilateral trade vary across RCEP regions. Trade with ASEAN nations more robustly drives economic growth, while environmental benefits are concentrated in ASEAN, with non-ASEAN countries experiencing deterioration. Both regions show minimal direct impact on carbon emissions from trade.
(3) The PVAR model reveals inertia in bilateral trade’s growth-enhancing and environmental quality-improving effects. Lagged bilateral trade and environmental improvements positively influence current economic growth, underscoring the need for sustained efforts.
(4) Pulse response analysis indicates that initial economic growth can temporarily compromise environmental quality, but over time, it improves environmental outcomes. Conversely, while initial environmental gains may not immediately bolster trade or growth, they eventually do so. Bilateral trade’s environmental impact is relatively short-lived, necessitating continuous attention.
5.2 Policy recommendations
Building on these findings, the following practical implications and recommendations aim to guide decision-making, managerial practices, and policy development in RCEP countries:
(1) Harmonized Environmental Standards. Recognizing the win-win potential of environmentally friendly trade, RCEP partners should establish uniform environmental standards and certification mechanisms. This includes promoting technologies that reduce pollution, enhance energy efficiency, and foster circular economies. Strengthening environmental information sharing and communication will facilitate joint efforts to tackle environmental challenges and ensure trade aligns with sustainability goals.
(2) Technological Cooperation and Digital Transformation. China and RCEP countries should collaborate on technological innovation, particularly in low-carbon and environmentally friendly technologies. Policy incentives such as financial support, intellectual property protection, and tax benefits can spur R&D cooperation. Digitalization and internet infrastructure upgrades can improve efficiency, reduce emissions, and support sustainable trade practices. Establishing rigorous carbon management systems, including emission standards and monitoring, is crucial to mitigating industrialization’s carbon footprint.
(3) Tailored Cooperation Strategies. Given regional heterogeneity, China and ASEAN should deepen trade ties beyond traditional sectors, focusing on high-value environmental technologies, green agriculture, and renewable energy. China can offer environmental technology assistance, transfers, training, and financial support to ASEAN, fostering bilateral cooperation and addressing shared environmental challenges. Encouraging corporate social responsibility projects in ASEAN will further strengthen sustainable trade ties.
Some study limitations must be considered when interpreting our findings. Firstly, while we have initially explored the varied impacts of bilateral trade on economic growth and environmental pollution in different regions within RCEP countries (such as ASEAN and non-ASEAN countries), this analysis has not delved into more specific country-level or industry-level details. Secondly, in examining the potential mechanisms behind why bilateral trade has not effectively reduced carbon emissions, we have utilized a mechanism test encompassing two pathways, but there may still be other complex factors or pathways that have been overlooked. In our future research, we will firstly refine our analysis further to delve into the specific impacts of bilateral trade on economic growth and environmental pollution across different countries and industries, as well as the underlying reasons behind these impacts. Secondly, we will introduce additional variables and pathways, such as technology spillover effects, the intensity of environmental regulations, and changes in consumer preferences, to more comprehensively reveal the complex mechanisms through which bilateral trade affects carbon emissions reduction.
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