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This paper analyze the characteristics of green trade between China and Regional Comprehensive Economic Partnership (RCEP) countries from 2001 to 2020, and then adopts a stochastic frontier gravity (SFG) model and trade inefficiency (TIE) model to analyze the trade potential and the influencing factors of green trade between China and RCEP countries. The main conclusions are as follows: the green trade value continues to grow, with Japan and South Korea as the main green trade partners. The competitive advantage of Chinese green products and the complementarity of RCEP countries towards Chinese green products are both increasing. Per capita GDP, population of RCEP countries promote the green trade, while the geographical distance hinders green trade. In the item of TIE, governance ability and economic freedom promote the efficiency of green trade, while differences in environmental regulation and tariff rate hinders trade efficiency. At present, China has significant green trade potential with RCEP countries. The efficiency of green trade between China and Japan, South Korea, Singapore, Vietnam, and Australia is relatively low. China should actively tap into the demand for green trade and further develop the potential of green trade.
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1 INTRODUCTION
In the face of changes in the world with rising trade protectionism, regional integration has increasingly become an important supplement to globalization (Chen et al., 2023). In November 2020, China, Japan, South Korea, Australia, New Zealand and Association of Southeast Asian Nations (ASEAN) signed the Regional Comprehensive Economic Partnership (RCEP), marking the formal formation of the largest and most influential free trade area in the world (Tian et al., 2022). RCEP places top priority on regional trade liberalization and facilitation, which is conducive to China’s construction of a new development pattern that promotes domestic and international circulation (Zhang and Wang, 2023). Research has shown that RCEP will significantly promote the international trade value of participating countries, thereby facilitating world economic growth (Zhao and Mun, 2023).
The RCEP pursues the concept of green and development, and the impact of commodity trade on the environment has always been a key concern of the RCEP (Bashir et al., 2022; Fan et al., 2022). In fact, while international trade redistributes global resources, environmental pollution generated in the process of resource exploitation, product processing and commodity transportation is also an important factor hindering the sustainable development of regional economy (Khan et al., 2021). As the world’s largest trading country, China’s trade surplus brings huge carbon emissions from the production of export products (Li et al., 2022). While providing affordable and high-quality goods to foreign consumers, China is burdened with enormous carbon reduction and environmental pressure (Hotak et al., 2020). Against the backdrop of the prevalence of regional cooperation (Hu et al., 2021), how to reduce the impact of environmental pollution in international trade and promote the coordinated development of trade growth and ecological protection is an issue that needs urgent attention and solution (Zhang et al., 2022a).
Green trade is a type of trade that emphasizes environmental protection and sustainable economic and social development (Can et al., 2022a). It can be calculated through trade in environmental products or green industries. Green trade conforms to China’s new development concept and is an important direction of China’s current foreign trade transformation (Li et al., 2022). According to the China Green Development Report in 2021, China’s green trade value reach 1,161.09 billion dollars, surpassing the European Union to become the world’s largest green trading country, accounting for 14.6% of the world. In fact, before the establishment of RCEP, China had already engaged in environmental cooperation with ASEAN to jointly address the pollution transfer issues caused by trade (Yoo and Kim, 2016). We believe that with the green transformation of economic growth and the strong promotion of the RCEP agreement, the multilateral green trade has great potential.
How to tap the potential of green trade between China and RCEP countries and promote the green development of China’s economy? Scientific evaluation of the characteristics of green trade is a prerequisite for carrying out research on green trade potential. Therefore, based on the classification of green trade products, we calculates the green trade value between China and RCEP countries, analyzes the time evolution trend and spatial differentiation pattern of green trade, as well as the competitiveness and complementarity of trade products. The SFG model and TIE model is further used to analyze the key influencing factors of green trade, measure the trade potential between China and RCEP countries, and put forward policy suggestions to promote the development of green trade.
The remainder of the paper is structured as follows. After an introduction, a literature review of green trade, trade characteristic and trade potential prediction are presented in Section 2. We describe the methods and data in Section 3. Analysis and discussion of green trade characteristic, empirical results and estimation of green trade potential are provided in Section 4. The main conclusions are summarized and policy recommendations are discussed in Section 5.
2 LITERATURE REVIEW
2.1 Measurement of green trade
Green trade has received more and more attention, but the concept of green trade is not the same in the literature (He et al., 2021; Can et al., 2022a). Some scholars define green trade as trade after deducting environmental damage, and then evaluate the implementation of green trade. Kang and lee (2021) assessed the green trade of the ferrous metal industry after deducting environmental costs. They believe that although ferrous metal industry has achieved overall green trade in China, the expansion of exports and the increase of environmental damage have led to the gradual deterioration of green trade. More scholars use a refined way to calculate the value of green trade by category. Scholars usually adopt two methods to measure green trade.
First, the industry is divided into green and non-green categories, and green trade is calculated by matching green industry codes. The Bureau of Labor Statistics of the United States divides the green industry into five categories: 1) energy from renewable resources, 2) energy efficiency, 3) pollution reduction and removal, greenhouse gas reduction and recycling and reuse, 4) natural resources and environmental compliance, 5) education and training and public awareness. Huang et al. (2020) selected the third category mentioned above as the green industry, calculating how environmental policy affect green trade. Yue et al. (2022) studied the impact of geographical distance on the trade of green industries by taking nursery producers and plant inventory distribution industries as green industries.
Second, scholars judge whether a product is a green product according to the definition and classification of environmental products, and calculate the trade value of green products. Although the international trade of environmental products has started early, different countries have not reached an agreement on the exact definition of environmental products (Can et al., 2022b). At present, the main international classification of environmental goods includes World Bank (WB) list, United Nations Economic and Social Commission for Asia and the Pacific (UNESCAP) list, Organization for Economic Co-operation and Development (OECD) list and Asia-Pacific Economic Cooperation (APEC) list (OECD, 2001; World Bank, 2008; UNESCAP, 2011; APEC, 2012). The quantity and classification of relevant lists of environmental goods are still changing. In 2012, APEC added an environmentally friendly product, forming a list of 54 environmental goods. The environmental product lists submitted by member states collected by the World Trade Organization Secretariat and the negotiations on the Environmental Product Agreement initiated are also based on the APEC Environmental Product List. Can et al. (2021), Zhou et al. (2021), Li et al. (2022), adopted the environmental goods list to measure green trade.
2.2 Research on green trade characteristic
As a new form of trade, there is not much research on the characteristics of green trade. Current academic research focuses more on the characteristics of trade. The first viewpoint is to analyze the spatio-temporal evolution trends of imports, exports, trade value, balance, and target countries, or use network analysis to analyze the structure, centrality, and network density of trade networks (Mou et al., 2022). An et al. (2014) constructed a complex network model to analyze of the evolution of basic features of crude oil trade and studied the stability, hierarchy structure and partition of the networks. Zhou et al. (2021) explored the status changes of countries in the global trading system for green product and the spatial structure of the network shows a transition of trading centers away from the United States towards the Europe and Asia.
The other is to analyze the competitiveness and complementarity of trade products between China and other countries by constructing trade indices, such as revealed comparative advantage (RCA), export similarity index, trade complementarity index (TCI), and intra industry trade index (Maryam et al., 2018). Liu et al. (2020) analyzed the agricultural trade pattern between China and countries along the Belt and Road, and believed that bilateral trade competitiveness and complementarity coexist and show regional heterogeneity. Chen et al. (2021) constructed RCA and TCI to analyze the energy trade between China and the BRICS countries, and found that the crude oil trade between China and Russia continues to expand, but China’s coal export competitiveness has decreased.
2.3 Research on green trade potential prediction
The research on trade predicting methods is relatively mature, but lacks application in the field of green trade. The first method is the Global Trade Analysis Project (GTAP) model, including the trade potential prediction of the two cases without signing and signed economic and trade agreements. In the absence of agreements, the projected tariff and non-tariff barriers are usually used to simulate the trade effects of the expected member countries (Park et al., 2021). Stenberg and Siriwardana (2016) examined the effects of trade liberalisation on forest products trade when APEC extend their preferential treatment to non-member countries using GTAP model. After the trade agreement has been signed, the tariff and non-tariff barriers calculated by the agreement are used to simulate the economic impact on the member countries, and then the changes of trade value in the future is calculated. Zhu and Huang (2023) used the GTAP model to predict trade data under the Schedule of Tariff Commitments of the RCEP, then explored the change of trade networks structure to the tariff reduction.
The other is gravity model, including the traditional gravity model and the stochastic frontier gravity (SFG) model. The traditional gravity model only estimates the average effect of trade determinants, while the SFG model considers the impact of unobservable non-efficiency items and further predicts trade potential by measuring trade efficiency through trade inefficiency (TIE) model (Timbergen, 1962; Batteseg and Coell, 1992). The use of gravity models to predict trade potential requires the analysis of trade influencing factors, which usually include natural and human determinants. Natural determinants include factors that are unlikely to change in the short term, such as economic scale, population, geographical distance, proximity of regions and language consistency (Chen et al., 2008). Research shows that economic scale, neighboring regions and common language have a positive impact on manufacturing trade, while geographical distance hindered manufacturing trade (Morland et al., 2020). Human determinants include infrastructure, economic system, trade agreement, government system and other factors that are likely to change in the short term (Martinez-Zarzoso et al., 2009; Huang et al., 2021). Generally speaking, digital economy, good infrastructure, liberal institutional environment, and trade agreements will promote bilateral trade growth (Guo et al., 2023; Guo and Mai, 2023).
There are abundant researches on the analysis of international trade characteristic and trade potential, but the researches on green trade have not been in-depth. The quantitative standards of green trade are not the same. In particular, RCEP, as an important trading partner of China, lacks the characteristics analysis and trade potential prediction of bilateral green trade. Therefore, the aim of this study was to fill this gap.
The specific contributions of this research are as follows: 1) we calculate the trade value of green products between China and RCEP countries, then analyze the spatiotemporal evolution trend of green trade value, and conduct competitive and complementary analysis on green products, which fill the research gap of green trade in RCEP. 2) We estimate the efficiency of green trade between China and RCEP countries, and analyze the gap between actual trade value and optimal trade value, which is conducive to objectively understanding the potential of green trade. 3) We use the SFG model and TIE model to analyze the influencing factors of green trade between China and RCEP countries, and proposed practical paths to promote the growth of green trade. This study expands the research scope of RCEP green trade and contributes to the new development pattern of China’s domestic and international dual circulation.
3 METHODS AND DATA
3.1 Green trade characteristic
The analysis of the characteristics of green trade mainly includes the temporal evolution trend, national differences, and the competitiveness and complementarity. Among them, the analysis of trade competitiveness and complementarity adopts the revealed comparative advantage (RCA) and trade complementarity index (TCI), respectively.
RCA is an index first proposed by Balassa (1965) to measure the competitiveness of an industry in a country. By comparing the ratio of a country’s export of a certain commodity to the world’s export of that commodity with that of the economy’s total export to the world’s total export, the impact of fluctuations in national trade value and world trade value can be eliminated, effectively reflecting the relative advantage of a country’s exports of a certain industry. The formula is as follows:
[image: image]
The [image: image] represents the RCA index of [image: image] goods in country [image: image], [image: image] represents the export value of [image: image] goods in country [image: image], and [image: image] represents the total export value of goods in country [image: image].[image: image] represents the export value of the [image: image] goods in the world, [image: image] represents the total export value of the goods in the world. The larger the [image: image] index, the greater the comparative advantage of a country in a certain industry. In general, it indicates a very strong comparative advantage when [image: image] 2.5, it indicates a second strong comparative advantage when [image: image], it indicates a medium comparative advantage when [image: image], it indicates a weak comparative advantage when [image: image].
TCI is an index proposed by Drysdale (1969) to measure the trade complementarity between two countries and analyze bilateral trade potential. This paper uses TCI to measure the trade complementarity and the formula is as follows:
[image: image]
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[image: image] represents the TCI of goods [image: image] in country [image: image] and country [image: image], [image: image] has the same meaning as above. [image: image] represents the import comparative disadvantage of goods [image: image] in country [image: image]. [image: image] and [image: image] represent the import value of goods [image: image] and total import value in country [image: image], respectively. [image: image] and [image: image] are the world import value of goods [image: image] and the total world import value of all goods. When [image: image], it indicates that the trade complementarity of the two countries is strong. When [image: image], it indicates that the trade complementarity of the two countries is weak.
3.2 Green trade potential prediction
3.2.1 Stochastic frontier gravity model
Literature studies show that both GTAP and SFG models can be used for trade predicting. Although GTAP is widely used and has a good predictive function for the favorable impact of trade agreement signing, the department classification in the GTAP model is limited and cannot match six digit green product trade data. So we adopt the SFG model in this paper. Stochastic frontier function was first proposed by Meeusen and Broeck (1977), Aigner et al. (1997) to study technical efficiency in production function. In the method, the stochastic perturbation term is divided into two independent parts: the stochastic error term and the non-negative technical inefficiency term. The actual trade value in the panel data can be expressed as:
[image: image]
Where, [image: image] refers to the actual trade value between country [image: image] and country [image: image] in period [image: image], [image: image] is the key factor affecting the trade value, [image: image] is the random influencing factor, [image: image] is the non-efficiency factor of trade, and [image: image] is the parameter vector to be estimated. [image: image] assumes a normal distribution with a mean of 0, and [image: image] assumes a semi normal distribution or truncated distribution. [image: image] usually refers to the trade restriction or facilitation factor that are not the gravity equation, and adopts a non-negative setting to indicate that the trade restriction factor accounts for a major part, of course, the facilitation factor may also offset some of the effect.
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[image: image] is the trade value at the frontier level, indicating that the maximum possible trade value between country [image: image] and country [image: image] in period [image: image], which can become the potential for trade. At this time, the influence of the non-efficiency term of trade is 0.
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[image: image] is trade efficiency, which is the ratio of actual trade level to trade potential. When [image: image], it indicates that the trade value is not affected by the non-efficiency factors of trade. When [image: image], the actual trade value equals the optimal value. When [image: image], there is trade inefficiency among the countries. When [image: image], the actual trade value is less than the optimal trade value.
The earliest stochastic frontier model assumes that trade inefficiencies do not change with time, that is, the time-invariant model. To make the hypothesis more reasonable when the time dimension is longer, Battese and Coelli (1992) proposed a time-varying stochastic frontier model.
The formula is as follows: 
[image: image]
Based on the above theoretical model, in order to measure China’s trade potential with RCEP countries, the following time-varying SFG model is selected as the measurement method. The model is as follows:
[image: image]
Wherein, subscript [image: image] in the model represents China, [image: image] represents other RCEP countries, t represents time, and [image: image] represents the trade value of green products in period [image: image] between country [image: image] and country [image: image]. The explanatory variables include: 1) [image: image] and [image: image] represent the per capita GDP of country [image: image] and country [image: image] in period [image: image] respectively. The larger the economic scale, the greater the investment and demand for green products, and the stronger the demand for green products trade. 2) [image: image] and [image: image] represent the population of country [image: image] and country [image: image] in period [image: image], that is, the scale of domestic and foreign markets, respectively. It is assumed that these two variables are positively correlated with [image: image]. 3) [image: image] is the geographical distance between country [image: image] and country [image: image]. The farther the distance, the higher the transaction cost, which will hinder the trade value of green products. It is assumed that [image: image] is negatively correlated with [image: image]. 4) [image: image] indicates whether country [image: image] is a land country. If it is a land country, the value is 1; otherwise, it is 0. Land based countries have relatively inconvenient transportation, assuming that this variable is negatively correlated with [image: image]. In this paper, we will use the likelihood ratio (LR) test to measure whether it is reasonable to include these factors into Eq. 5 [image: image] is a random disturbance term with a mean of zero, which is used to measure random errors or random factors. [image: image] is the non-efficiency term of trade, which is used to measure the unobserved factors that hinder trade.
3.2.2 Trade inefficiency model
In order to further study the influencing factors of TIE, it is necessary to establish a TIE model. In traditional research methods, the SFG model is used to estimate the value of TIE item [image: image], and then use various exogenous variables [image: image] to regress the estimated values of [image: image], and analyze the factors that affect [image: image]. However, it must assume that exogenous variables are not related to other influential factors in the stochastic frontier gravity model, otherwise some factors affecting trade value will be missed, leading in biased results. In addition, the [image: image] calculated by using the SFG model is a constant, but it is an explained variable in the established TIE model, which is contradictory. So we used a one-step approach to study the non-efficiency term of trade, which involves regressing the factors that affect the non-efficiency term of trade together with other factors in the SFG model. The formula is as follows:
[image: image]
[image: image] is the exogenous variable affecting the non-efficiency of trade, and [image: image] is the parameter vector to be estimated, [image: image] is the random perturbation term. Then we take the logarithm of Eq. 4.
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The TIE model is:
[image: image]
Explanatory variable [image: image] represents governance ability. The stronger the government governance ability, the smaller the resistance to international trade, and the more conducive to the development of green trade. [image: image] refers to digital economy. Generally speaking, the development of the digital economy has made green trade more convenient and trade costs lower. [image: image] stands for air traffic volume and reflects trade transport capacity. [image: image] stands for economic freedom indicators. It is generally believed that the higher the economic freedom of a country, the more conducive to the development of international trade. [image: image] stands for difference in environmental regulations. When there are differences in environmental regulations between two countries, it is conducive for countries with low environmental regulations to import green products from countries with high environmental regulations (Xu et al., 2022). However, significant differences in environmental regulations may result in significant differences in trade demand for green products between the two countries, making it difficult to engage in green trade. [image: image] stands for tariff rate. The lower the tariff rate, the lower the trade cost, and the more beneficial it is to increase green trade value. [image: image] refers to whether a member of APEC or not. We usually believe that there are fewer trade barriers between member countries and trade is more smooth.
3.3 Data
According to the model analysis, the dependent variable is the trade value of green products between China and RCEP countries. The APEC list of environmental goods was released at the 20th APEC Leaders’ Informal Meeting in 2012. This paper takes it as the classification standard and screens the six-digit coded data of green trade. The specific classification is shown in Table 1.
TABLE 1 | Green products classification.
[image: Table 1]The specific data description of the dependent variable and the explanatory variable is shown in Table 2.
TABLE 2 | Trade influencing factors.
[image: Table 2]4 RESULTS AND DISCUSSIONS
4.1 Analysis of green trade characteristic
4.1.1 Analysis of spatio-temporal evolution of green trade
The economic and trade cooperation between China and RCEP countries has developed steadily. As shown in Figure 1, the scale of green trade has continued to expand, with the trade value rising from 367 thousand dollars in 2001 to 4,423 thousand dollars in 2020. The green trade value from 2001 to 2020 can be roughly divided into two stages: the rapid growth stage from 2001 to 2008, and the steady growth stage from 2009 to 2020. Specifically, the import and export grew rapidly from 2001 to 2008, due to the impact of the financial crisis, both imports and exports decreased in 2009. With the strengthening of regional economic and trade cooperation, import and export rebounded to a great extent, and then import showed a downward trend, while export maintained a relatively stable growth trend. On the whole, imports are greater than exports of green trade value, showing a trade deficit, but the trade deficit is decreasing year by year.
[image: Figure 1]FIGURE 1 | Average green trade value between China and RCEP countries from 2001 to 2020.
Green trade value between China and RCEP countries has significant spatial differentiation. As shown in Figure 2, China, Japan and South Korea, as the core of East Asia, have gradually achieved rapid economic and trade growth with processing industry as the main form of trade in recent years. The average value of green trade between China, Japan and South Korea, has exceeded 17,000 million dollars, with the average value of imports exceeding 13,000 million dollars and exports exceeding 3,000 million dollars, both significantly higher than that of other partners. The green trade value of Malaysia, Vietnam, Thailand, Singapore, Indonesia, Australia and the Philippines ranks in the second tier, with the average bilateral trade value between 100 and 3,000 dollars. However, countries such as Myanmar, Laos, Cambodia, New Zealand, and Brunei have relatively small GDP, and the economic structure with a relatively large proportion of agriculture is difficult to effectively promote the development of their green product manufacturing industry. The average annual green trade value with China is less than 100 thousand dollars, ranking in the third tier of RCEP countries. South Korea, Japan and Singapore are green trade deficit countries, while Vietnam, Indonesia and Australia are the main trade surplus countries.
[image: Figure 2]FIGURE 2 | Green trade value between China and RCEP countries from 2001 to 2020.
4.1.2 Analysis of trade competitiveness and complementarity
The average index of RCA of China’s green products from 2001 to 2020 is 1.136, indicating that China’s green products have medium comparative advantage, as shown in Table 3. The RCA of green products in RCEP countries is all lower than 2.5, and no country has shown a strong comparative advantage. Specifically, Japan’s RCA of green products is the highest, at 2.031, and it is in the first tier together with South Korea. The RCA of green products in Singapore, Philippines, Malaysia and China are relatively close, all between 0.800 and 1.250, with a medium comparative advantage. The RCA of green products in Thailand, Indonesia and Australia is lower than 0.800, indicating that the comparative advantage of these countries is weak. In terms of the fluctuation trend, the RCA of green products in Myanmar, Cambodia, Laos and Vietnam increased significantly, while that of Japan and South Korea showed a downward trend. The average annual growth rate of the RCA of China’s green products is 4.574%, meaning that the advantage of China’s green products has a deepening trend. The reason is that China actively integrated into the wave of globalization, vigorously improved the scientific research and technological level of green products, and made leapfrog progress in the production and processing level of environmental protection processes and related products.
TABLE 3 | RCA of green trade between China and RCEP countries.
[image: Table 3]From 2001 to 2020, the average TCI between RCEP countries and China’s green product exports was 1.050, indicating a slightly stronger complementarity in bilateral green trade, as shown in Table 4. There is a significant national difference in the strength of trade complementarity, with Brunei, South Korea, Vietnam, and Malaysia having the strongest trade complementarity, with trade complementarity indices all above 1.300. Singapore, Thailand, Australia, and Laos rank second in terms of trade complementarity, while China’s trade complementarity with other RCEP countries is not significant. In terms of fluctuation trend, the TCI between RCEP countries and China’s green product exports shows a significant upward trend, with an annual growth rate of 4.456%, indicating that the dependence of RCEP countries on China’s green product exports is gradually strengthening. Specifically, the TCI of Cambodia, the Philippines and China’s green product exports has a significant upward trend over time, while the TCI of New Zealand, Laos, Brunei and China’s green product exports has a downward trend, while the fluctuation trend of other countries and China is not significant.
TABLE 4 | TCI between RCEP countries and China’s green product exports.
[image: Table 4]From 2001 to 2020, the average TCI between China and RCEP countries’s green product exports is 1.383, indicating strong complementarity in bilateral green trade, as shown in Table 5. There is a huge difference in the TCI between China and RCEP countries, and the strongest trade complementarity is Japan, South Korea and Singapore. It can be seen that Japan and South Korea, as manufacturing powers, still have export advantages in the field of green product manufacturing, and their trade complementarity is strong. Malaysia, the Philippines and Thailand have the second highest trade complementarity, and the TCI is between 1 and 2. In terms of the fluctuation trend, the TCI shows an inverted “U” trend of increasing first and then decreasing. On the whole, China’s dependence on green products export of RCEP countries is slightly weakened. Specifically, the trade complementarity between China and developed countries such as Australia, New Zealand and Japan shows a downward trend, while countries with low TCI, such as Myanmar, Cambodia, and Laos, have a significant upward trend in TCI over time.
TABLE 5 | TCI between China and RCEP countries’s green product exports.
[image: Table 5]4.2 Analysis of green trade potential
4.2.1 Analysis of stochastic frontier gravity model
This paper uses Frontier 4.1 software to make SFG model and TIE model estimation. Since the SFG model is highly dependent on the functional form, it is necessary to use the LR to judge the applicability of the function before estimating. When the LR statistic is significant, the null hypothesis is rejected, otherwise the null hypothesis is accepted. The following two tests are set in this paper: the existence test of TIE and the time-variability test of TIE. The results are shown in Table 6.
TABLE 6 | Hypothesis test of SFG model.
[image: Table 6]The estimation results show that both null hypotheses are rejected, indicating that using a SFG model is feasible and that trade efficiency changes during the sample period. Therefore, using a time-varying SFG model is more appropriate. After determining the form of the function, we estimates the trade value using a SFG model. In order to compare the robustness of the results, we also presents the regression results of OLS model, time-varying model and time invariant model, as shown in Table 7.
TABLE 7 | Regression results of the OLS, time-varying model, time-invariant models.
[image: Table 7]From the estimation results of various parameters, the value of [image: image] coefficient is greater than zero and significant, indicating that the trade non-efficiency decreases with time, which proves the applicability of the time-varying SFG model. [image: image] represents the proportion of TIE in the stochastic perturbation term. The values of [image: image] coefficients in the time-varying SFG model and the time-invariant SFG model are 0.703 and 0.967, respectively, indicating that TIE factors mainly affect China’s green trade.
The coefficient of Per capita GDP of China and RCEP countries is significantly positive, indicating that the higher the level of economic development, the more conducive to the development of green trade. Generally speaking, a country with higher GDP has a stronger demand for product consumption and trade (Cardebat and Alexandru, 2013). In terms of the value of the coefficient, the per capita GDP coefficient of China is significantly larger than that of RCEP countries, meaning that the impact of China’s economy on green trade is greater than that of RCEP countries.
The coefficient of China’s population is significantly negative, while the coefficient of the population of RCEP countries is significantly positive. On the one hand, people are the main body of consumption. Larger population means the higher demand for differentiated green products, which leads to a greater willingness to engage in international trade. On the other hand, China has a large population, and with the further increase of population, the domestic labor force will increase, which will promote the production and trade of domestic green commodities. Therefore, under the combined effect of these two factors, the effect of population on green trade is not the same in different countries.
The geographical distance coefficient between two countries is significantly negative. It shows that geographical distance plays an obstructive role in green trade. Distance increases commodity transportation cost, reduces trade profit margin and hinders the development of green trade, which is in line with theoretical expectations and the same as the research conclusion of Borchert and Yotov (2017).
The coefficient of whether it is a landlocked country is not significant. Generally speaking, landlocked countries have inconvenient transportation and are a trade hindrance factor. However, among RCEP countries, only Laos is a landlocked country and borders China. In addition to sea transportation, there are also two modes of transportation in international trade: land transportation and river transportation, so the coefficient of this variable is not significant.
4.2.2 Analysis of trade inefficiency model
We use the one-step method to estimate the inefficiency model of green trade between China and RCEP countries, as shown in Table 8. The value of [image: image] coefficient is 0.909, indicating that the setting of SFG model is reasonable, and TIE is the most important factor hindrance to bilateral green trade.
TABLE 8 | Regression results of the TIE model.
[image: Table 8]Governance ability significantly hinder TIE, indicating that governance ability is a factor to improve green trade efficiency. The vast majority of RCEP members are developing countries with relatively low levels of governance capacity. Improving government governance capacity is conducive to improving the implementation efficiency and stability of trade policies, reducing trade barriers, and thus improving trade efficiency, which is in line with the empirical studies of Kamel (2021) in other regional organizations.
The coefficient of digital economy is negative, but not significant. Generally speaking, the application of the internet and digital economy can reduce the access cost of international trade, enable more high-quality enterprises to enter the international trade market and participate in green trade (Wang et al., 2022). However, the conclusion of our study is different. The reason may be that the development of digital economy in most RCEP countries is not perfect, and there are some problems of network security and cross-border privacy protection. Therefore, the promotion effect of digital economy on green trade efficiency is not significant.
Economic freedom has negative effect on TIE, indicating that economic freedom is a factor to improve green trade efficiency. Economic freedom covers a variety of indicators such as trade freedom, investment freedom and financial freedom. An open trade policy, free investment environment and sound financial financing channels help a country cope with complex trade risks, reduce the loss of trade efficiency and tap greater trade potential. Compared with the research of Sonora (2014), this paper expands the application of the study on economic freedom and trade relations in the RCEP region.
Environmental regulation difference has positive effect on TIE, indicating that environmental regulation difference is a factor hindering green trade efficiency. Among RCEP countries, there are Japan and Australia with stringent environmental regulation, and Cambodia and Laos with low degree of environmental regulation. When there is a large difference in environmental regulation between a country and China, there may be an imbalance in bilateral trade demand, making it difficult to carry out green trade, and the difference in environmental regulation becomes a barrier to trade.
There is a significant positive correlation between tariff rate and non-efficiency of trade, indicating that tariff rate is a factor hindering the efficiency of green trade. Tariff reduces a country’s import cost and plays a direct regulating role on green trade, which is similar to the conclusions of Jiang et al. (2022). The signing of RCEP has greatly reduced the tariffs of member countries. China should make good use of the tax reduction policy and implement the differential strategy to consolidate and expand the advantages of green trade products.
The coefficient of transportation facilities has passed the significance test, but the coefficient value is very small, indicating that the improvement of transportation facilities has a poor effect on improving trade efficiency. The impact of whether a country is an APEC country on green trade efficiency is not significant and does not match the expected results. The possible reason is the complexity of national relations, as APEC is only a non-binding economic forum organization and there are other trade organizations.
4.2.3 Estimation of green trade potential
We measure the potential of green trade between China and RCEP countries through trade efficiency values. According to model (4), the estimated green trade efficiency is obtained, as shown in Figure 3. When there are non-efficiency factors affecting trade, trade efficiency will be less than 1. The larger the green trade efficiency value, the greater the green trade potential, and vice versa.
[image: Figure 3]FIGURE 3 | Green trade efficiency between China and RCEP countries from 2001 to 2020.
From 2001 to 2020, the average green trade efficiency of China and RCEP countries is 0.504, indicating that the trade potential between China and RCEP countries is great. During the sample period, the green trade efficiency showed an increasing trend, from 0.203 to 0.614, indicating that with the gradual improvement of bilateral trade policies, trade potential has been developed to a certain extent. In terms of regional heterogeneity of green trade efficiency, China and Malaysia have the highest green trade efficiency, with an average value of 0.807, indicating that their trade potential tends to be saturated. The green trade efficiency of China and Singapore, Japan, Thailand, Indonesia, Korea, Vietnam and Philippines is between 0.5 and 0.7, and there is still a certain trade potential. The efficiency of green trade between China and Australia, Myanmar, Lao, New Zealand and Brunei Darussalam is less than 0.5, indicating that there is great potential for green trade between China and these countries. Further taking into account the economic volume and actual trade value of the trade partners, the government should actively tap the green trade demand of Japan, South Korea and Australia, and develop the green trade potential. Since there is no research on the overall green trade efficiency measurement of RCEP countries, we compare the estimated results with the trade efficiency of Alleyne et al. (2020) and Zhang et al. (2022b). The comparison shows that the measured results of green trade efficiency are different from those of other trade efficiency, indicating that green trade has its particularity, and special research on green trade is necessary to achieve the common goal of environmental protection and trade growth.
5 DISCUSSION
Our research found that green trade emphasizes environmental protection and sustainable development, and the green trade potential of RCEP countries is enormous. Jia et al. (2022) simulated the changes in international trade after implementing RCEP tariff reduction through GTAP, and the results showed that despite the interference of trade interest conflicts and international political factors, RCEP can still effectively promote the sustainable development of member countries, which is similar to our research findings. Natural determinants such as GDP, geographical distance, and population have a significant impact on green trade, which is consistent with theoretical expectations (Cardebat and Alexandru, 2013; Borchert and Yotov, 2017). We also found that the population of China and other RCEP countries have different impacts on trade value, which is consistent with the study of Reis et al. (2021). This is because the diverse demands of population growth promote international trade, while providing labor and technology for domestic production, which offsets international trade to some extent. In terms of human determinants, this paper found that governance ability, economic freedom improve green trade efficiency in RCEP, which is consistent with the empirical studies of Kamel (2021) and Sonora (2014). At present, scholars mainly study the impact of environmental regulations on trade and believe that there is a non-linear relationship between the two. Tsurumi et al. (2015) believes that although stringent environmental regulations hinder trade, they can promote the demand for environmentally-friendly products. We expanded on existing research and found that differences in environmental regulations are also important influencing factors in green trade.
6 CONCLUSION AND POLICY IMPLICATIONS
6.1 Conclusion
This paper calculates the green trade value between China and RCEP countries on the basis of the classification of green trade products. Then, we analyzes the time evolution trend and spatial differentiation of green trade, as well as the competitiveness and complementarity of trade products. The SFG model is further used to analyze the key influencing factors of green trade and estimate the trade potential between China and RCEP countries. The main conclusions are as follows:
From 2001 to 2020, the scale of green trade between China and RCEP countries has continued to expand, showing a trade deficit, but the trade deficit is decreasing year by year. The green trade value of Japan and South Korea with China is much higher than that of other partners, and they are the main green trade deficit countries. China’s green products have medium RCA, and their competitive advantage tends to deepen, but the competitiveness of China’s green products is still significantly lower than that of Japan and South Korea. The trade complementarity of green products between China and RCEP countries is relatively strong, especially the complementarity of RCEP countries to China’s green products is growing rapidly. There are significant country differences in the TCI, among which Brunei, South Korea and Vietnam export the most complementary green products with China, and China exports the most complementary green products with Japan, South Korea and Singapore.
The estimation results of SFG model show that Per capita GDP of China and RCEP countries and population of RCEP countries have a significant promoting effect on green trade, and the geographical distance between countries has a hindering effect on green trade. TIE is the main factor hindering bilateral green trade. The estimated results of the TIE model show that governance ability and economic freedom can promote green trade efficiency. And differences in environmental regulation and tariff rate are the key factors hindering trade efficiency.
From 2001 to 2020, the average annual green trade efficiency is 0.504, indicating huge trade potential between China and RCEP countries. During the sample period, the green trade efficiency of China and RCEP countries showed an increasing trend, which shows that with the gradual improvement of bilateral trade policies, the trade potential has been developed to a certain extent. In terms of individual countries, the green trade efficiency values of China and major green trade partners such as Japan, South Korea, Singapore, Vietnam and Australia are all lower than 0.7. We should actively tap the demand for green trade and further develop the potential of green trade.
6.2 Policy implications
Considering the results of our empirical research, we propose the following policy recommendations.
First, we need to improve governance capacity and expand economic freedom. On the one hand, the government should actively improve the procedures and rules of green trade and align policies with RCEP countries. Establish an information system that meets the requirements of RCEP origin management for the cumulative rules of RCEP origin. For the demand for investment and trade facilitation in RCEP, measures such as simplifying customs procedures and mutual recognition of product standards should be improved. Optimize the government institutional environment and enhance government governance capabilities. On the other hand, the government should avoid improper intervention in economic activities and improve the level of enterprises’ participation in RCEP competition and cooperation. And promote the formation of a unified and open market environment with orderly competition by creating a market environment based on the rule of law and facilitation.
Secondly, we should increase investment in environmental pollution control and formulate reasonable environmental regulations. Environmental regulation is not contradictory to the development of green trade. The key lies in policy design and adjustment. It is necessary to align with the RCEP national green product standards, standardize the production process of green products, strengthen environmental protection supervision and investment in environmental governance. Effectively control pollution emissions during production and packaging processes, and improve the green competitiveness of products. At the same time, the government should avoid the impact of environmental regulations on technological innovation and export competitiveness of green trade products, and truly give play to the role of environmental regulations in optimizing trade structure to promote the development of green trade between China and RCEP countries.
Third, take advantage of the opportunity of tariff reduction to open up new trade forms to expand the effect of regional economic integration. We should give full play to China’s comparative advantages, open up new green trade areas and expand our market share. It is necessary to strengthen trade with countries with huge trade potential, and actively promote the building of the China-Japan-Korea free trade area. China needs to strengthen the ties of foreign trade through RCEP, fully utilize the labor advantages of ASEAN and other countries, and accelerate the formation of an upgraded and green version of the “world factory.” Further consolidate China’s advantageous position in the global industrial division of labor, thereby forming a more diversified bond with the global value chain.
Notably, there are limitations in this paper. Due to the small volume of green trade in some RCEP countries, if green trade is classified, there may be individual countries with zero green trade value with China, which cannot be classified for regression analysis. Therefore, heterogeneity analysis has not been conducted on the influencing factors of various types of green trade. In addition, there are many influencing factors for green trade, and some data has certain time lag. More time sensitive and comprehensive analysis should be conducted on RCEP green trade in the future.
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Unit
Dollars
Dollars/
Persons

Persons

Kilometres

Number of
flights

ata sources

International Trade Center

WB

WB

French Center for International Information
and Prospect Rescarch

Ministry of Natural Resources

WB

WB
WB
‘The Heritage Foundation and The Wall
Street Journal

WB

World Integrated Trade Solutions

APEC
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China 0.401 0576 0917 1110 1.309 1.554 1411 1304 1257 1.365 1.3653 1136
Indonesia 0.085 0658 0444 0382 0335 0.249 0305 0351 0277 0.290 02898 0362
Brunei Darussalam 0.183 0209 0131 0113 0.184 0.164 0.109 0.129 0.154 0.170 0.1699 0153
Cambodia 0014 0.002 0.002 0.002 0.008 0.007 0014 0020 0020 0.079 00789 0031
Lao 0.004 0.001 0.000 0.001 0.002 0.001 0026 0.009 0032 0.113 0.1126 0018
Malaysia 0825 0.667 0.636 0591 0.59% 0.840 1113 1234 1252 1.296 1.2955 0915
Myanmar 0.001 0.000 0.000 0.000 0.000 0.001 0023 0018 0.084 0.027 0.0266 0019
Philippines 0259 0226 0.161 0322 0375 0.802 1501 1482 0757 2166 21662 0944
Singapore 1022 1028 0.901 0854 0.868 1170 1230 1456 1524 1444 14439 1163
Thailand 0327 0291 0418 0.806 0.403 0.446 0611 0.808 0929 0.817 08169 0575
Vietnam 0.081 0058 0.105 0245 0212 0.289 0251 0267 1018 0.846 0.8460 0349
Japan 2299 2270 2424 1743 1.783 2013 2067 1911 1.930 1.870 1.8703 2031
South Korea 0753 0870 1.867 2644 2845 2612 2713 2430 2094 0.370 03696 1.951
Australia 0421 0406 0388 0303 0252 0220 0.185 0.196 0200 0.257 02571 0274
New Zealand 0397 0347 0389 0355 0229 0.193 0226 0.209 0151 0.169 01686 0254
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Six-bit coding

441872

840290, 840410, 840420, 840490, 840690, 841182, 841199, 841290, 841780, 841790, 841919, 841939,
841960,841989,84199, 842121, 842129, 842139,842199,847420,847982,847989,847990

850164,850231,850239,850300,850490,851410,851420,851430,851490,854140,854390

901380, 901390, 901580, 902610, 902620, 902680, 902690, 902690, 902710, 902720, 902730, 902750,
902780, 902790, 903149, 903180, 903190, 903289, 903290,903300

Product description

Flooring panels, multilayer, assembled, of wood

Vapour generating boilers and superheated water
boilers, instantancous or storage water heaters,
machinery and apparatus for filtering water or
gases, crushing machines for solid mineral
substances, parts of gas turbines parts of non-
electrical engines and motors, etc.

Generating sets of wind-powered, parts of electrical
transformers and inductors, resistance heated
industrial or laboratory furnaces and ovens,
photosensitive semiconductor devices, light
emitting diodes

Parts and accessories for liquid crystal devices and
lasers, instruments and appliances used in
topography, hydrography or meteorology,
instruments for measuring or checking variables of
liquids or gases, gas or smoke analysis apparatus,
chromatographs and clectrophoresis instruments,
apparatus for measuring quantities of heat, sound

or light
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Null hypothesis Unconstrained model maximum likelihood value LR statistics 1% critical value = Test conclusion

‘ ‘There are no trade inefficiencies 327.716 186562 11345 Reject

‘ Trade inefficiency does not change 283.964 87.503 2009 Reject
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Indonesia 0271 0324 0525 0630 1170 1.062 1246 1307 1138 1.656 1.8273 0973
Brunci Darussalam | 0730 0484 0.847 0871 1868 | 16l 1594 1.630 1 2787 3158 14336 1.635
Cambodia 0.065 0071 0294 0273 0355 0.366 0515 0299 | 0533 0.585 08017 0335
Lao 0399 0432 1793 1.668 2171 2.988 0731 0979 1.034 0732 05623 1185
Malaysia | 0637 0.699 1.070 1151 1.357 1.846 1681 1635 | 1539 1.507 14058 1321
Myanmar 0264 0289 0443 0477 0562 0738 0613 0783 | 0618 0.682 11757 0563
Philippines 0.086 0.106 0119 0310 0420 0.984 1.905 1.657 0621 1.878 06619 0910
Singapore [ 0613 0765 | 1022 1.190 1.307 1.574 [ 1498 1583 | 1530 | 1.647 17328 1.296
‘Thailand 0488 0760 1195 1.307 1.343 1418 1495 1393 1234 1.583 14595 1.240
Vietnam 0391 0873 0.693 1428 1184 1.442 1,599 1428 2344 2206 22687 1321
Japan 0329 0512 0842 0.894 0.836 0.957 1209 1245 1123 1.238 12072 0932
South Korea 0576 [ 0997 1564 1293 1737 1.856 2045 | 1.950 | 1.688 1.547 1.5348 1534
Australia 0391 0510 0926 1116 1.701 1.565 1604 1399 1133 1.638 1.4493 1.208
New Zealand 0.147 0170 0285 0342 0299 0320 0332 0.264 | 0177 0212 02019 0252
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Indonesia 0.152 1.802 1.388 1.074 0.747 0510 0623 0.681 0481 0.427 04328 0756
Brunci Darussalam | 0327 0571 0411 0319 oan | ome | o 0249 1 0268 0.250 0.0682 0312
Cambodia 0.026 0.006 0.005 0.006 0018 0.014 0028 0.039 | 0034 0.116 04532 0.068
Lao 0.007 0.002 0.002 0.002 0.005 0.002 0.054 0018 0057 0.166 00707 0035
Malaysia | 1477 1827 1.991 1.663 1329 1722 2272 2392 | 2178 1.909 17161 1.862
Myanmar 0.001 0.001 0.001 0.001 0.001 0.002 0.048 0036 | 0.146 0.039 00334 0028
Philippines 0464 0620 0504 0906 0.837 1.645 3.066 2872 1318 3192 09819 1491
Singapore [ 1830 2816 | 2820 2404 1.937 2398 [ 2512 2821 | 2652 | 2128 20796 2400
‘Thailand 0585 0797 1.306 2267 0.899 0915 1247 1566 1617 1.204 11954 1.236
Vietnam 0.145 0.159 0328 0.689 0.473 0592 0513 0517 1772 1.247 1.0433 0.680
Japan 4116 6214 7582 4906 3978 4.126 4221 3703 3359 2756 27148 4334
South Korea 1347 [ 2382 5841 7439 6348 5354 5540 | 4710 | 3644 0.545 05345 3971
Australia 0753 L111 1213 0851 0562 0450 0378 0379 0348 0.379 03441 0615
New Zealand 0711 0949 1217 0999 0512 0.396 0461 0405 | 0262 0.248 02085 0579






OPS/images/inline_76.gif





OPS/images/fenvs-11-1267413-g001.gif





OPS/images/inline_73.gif





OPS/images/fenvs-11-1267413-g002.gif
PITTIIREI IV TT
7





OPS/images/inline_72.gif





OPS/images/inline_75.gif





OPS/images/inline_74.gif





OPS/images/inline_86.gif
<
‘i jit





OPS/images/inline_87.gif





OPS/images/inline_9.gif
X pk





OPS/images/inline_90.gif
DIGI

[t





OPS/images/inline_88.gif
i
i jit





OPS/images/inline_89.gif
WGl





OPS/images/inline_93.gif
ENVI

[t





OPS/images/inline_94.gif
I'AF





OPS/images/inline_91.gif
INFRAS,

it





OPS/images/inline_92.gif
EEL

it





OPS/images/inline_6.gif





OPS/images/inline_59.gif





OPS/images/inline_61.gif
PGDP,

it





OPS/images/inline_60.gif
PGDP;,





OPS/images/inline_67.gif





OPS/images/inline_66.gif
POP,

it





OPS/images/inline_63.gif





OPS/images/inline_62.gif





OPS/images/inline_65.gif





OPS/images/inline_64.gif





OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





OPS/images/inline_5.gif





OPS/images/inline_51.gif





OPS/images/inline_50.gif
U;
ijt = U





OPS/images/inline_57.gif





OPS/images/inline_56.gif





OPS/images/inline_58.gif





OPS/images/inline_53.gif
Ui < 1





OPS/images/inline_52.gif
Ujje > U





OPS/images/inline_55.gif





OPS/images/inline_54.gif





OPS/images/inline_41.gif





OPS/images/inline_40.gif





OPS/images/inline_47.gif





OPS/images/inline_46.gif





OPS/images/inline_49.gif
I'E;j





OPS/images/inline_48.gif





OPS/images/inline_43.gif





OPS/images/inline_42.gif
Vi
i jit





OPS/images/inline_45.gif





OPS/images/inline_44.gif





OPS/images/inline_4.gif





OPS/images/inline_31.gif





OPS/images/inline_37.gif





OPS/images/cover.jpg
, frontiers ‘ Frontiers in Environmental Science

The characteristic and potential
of green trade between China
and regional comprehensive
economic partnership countries





OPS/images/inline_36.gif





OPS/images/inline_39.gif
Vi
i jit





OPS/images/inline_38.gif





OPS/images/inline_33.gif





OPS/images/inline_32.gif





OPS/images/inline_35.gif





OPS/images/inline_34.gif





OPS/images/inline_30.gif





OPS/images/inline_3.gif





