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Abstract

:

Forestry carbon sinks are an important measure for enabling China to cope with global climate change and realize its “double carbon” goal. Carbon sink afforestation projects (CSAPs) are a type of forestry carbon sink projects, and the question of whether China’s forest products with an export orientation can adapt to the requirements of high-quality development is important for balancing the relationship between emissions reduction and development. We use the micro-data of forest product export enterprises provided by the China Customs Database and construct a difference-in-difference (DID) model to investigate the impact of CSAPs on China’s forest product export and its heterogeneity. The results show that CSAPs significantly increase the export scale of China’s forest products. CSAPs lead to significant heterogeneity regarding the forest product export scale in relation to regions, production factor intensity, trade pattern, enterprise ownership, and export destination countries. We further find that although the implementation of CSAPs significantly reduces the export types of forest products, it significantly promotes an increase in the export price and the expansion of the export quantity of forest products, and it optimizes the export structure of forest products to some extent. The “Belt and Road” initiative (BRI) has played a significant positive role in regulating the expansion of the forest product export scale with CSAPs. The implementation of CSAPs reduces the risk of termination of trade relations among forest product export enterprises and extends the export duration. The conclusions provide implications for policy makers and managers of forest product enterprises.
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1. Introduction


Forestry carbon sinks are an important measure for China to cope with global climate change and realize its “double carbon” goal. According to the Paris Agreement, countries should take relevant actions to protect forest carbon pools and increase forest carbon sinks. In 2012, Chinese pilot carbon trading policies were launched in seven provinces and cities, and forestry carbon sink projects (FCSPs) were incorporated into the carbon trading market as an emission reduction offset mechanism. In line with the main object of FCSPs, carbon sink afforestation projects (CSAPs) can increase the CO2 absorption capacity of the forest through afforestation and other forestry activities and contribute to the realization of “carbon neutrality” in China by 2060. Therefore, the ecological and economic effects of CSAPs have gradually attracted academic attention [1,2].



Under export-oriented policies, China has become a major producer and exporter of forest products. China’s output and exports of wood furniture, paper products, plywood, wood flooring, and a variety of wood products have become the largest in the world [3]. Thus, Chinese forest products have formed a trade pattern that relies excessively on the international market and resources. At present, due to the global economic downturn, trade protectionism, trade imbalances, and disputes over trade interests have emerged in an endless stream [4]. The Chinese 14th Five-Year Plan clearly stated that the government would unswervingly implement the new development concepts of innovation, coordination, greenness, openness, and sharing (Source: https://www.gov.cn/xinwen/2021-03/13/content_5592681.htm (accessed on 1 August 2023)). Based on high-quality development requirements in the new era and the double carbon target, how do the CSAPs influence the forest product export trade? Is there heterogeneity among enterprises in different geographical locations, forest products with different factors, and trade modes? The answers to the above questions provide a comprehensive and objective evaluation of the effect of CSAPs. They also imply a need for China to transform from a large trading country into a strong trading country of forest products.



Research on the export trade of forest products gradually attracted the attention of scholars. They began to focus on the factors affecting the export scale of forest products, so as to realize the sustainable development of forest product enterprises and forestry [5,6,7]. With the further refinement of the international division of production, subsequent studies focused on the driving factors of forest products’ export trade, export quality, and the global value chain [1,8,9,10]. The development of forestry may occupy the resources of other non-forestry activities, while providing an economic development effect [11]. With the establishment of the Clean Development Mechanism (CDM) under the Kyoto Protocol, countries are gradually launching forestry carbon reduction activities such as CSAPs. CSAP refers to the use of market-oriented means to participate in forestry resource trading; they provide impetus for economic growth, and have a strong growth effect on impoverished areas [12]. However, most studies have only theoretically explored the economic effects of CSAPs [12,13], and there are few studies on the trade effects of CSAPs.



On the basis of existing research, the main contributions of this study are reflected in the following aspects: Firstly, the economic impact of CSAPs is investigated from the perspective of forest product export trade. Based on the practical background of the implementation of forestry carbon sinks, existing studies mainly study the economic, social, and ecological effects of CSAPs theoretically [14,15,16], while a small number of studies carry out empirical analysis centering on industrial structure upgrading and economic growth, and argue that CSAPs can improve local economic growth and optimize the industrial structure [17,18]. They neglect the fact that an important purpose of CSAPs is to improve the international competitiveness of Chinese forest product enterprises. Therefore, we empirically analyze the effects of CSAPs on forest product export trade. Secondly, the existing research focuses on the export trade structure, evaluating the international competitiveness index and its influencing factors, international competitiveness, and the comparative advantages of forest products. We employ the difference-in-difference (DID) method to evaluate the implementation effect of CSAPs. In recent years, the method has been widely used as an important tool to evaluate the effect of policy implementation [19,20,21,22,23,24]. This method regards a certain policy as a quasi-natural experiment, unlikely to be affected by survey data and individuals [25], and the impact results of policies as more robust. Finally, we expand the connotation of export trade, and analyze the effect of CSAPs on the marginal effect and duration of forest product exports.




2. Background of Forestry Carbon Sink Afforestation Projects and Research Hypothesis


2.1. Background of Forestry Carbon Sink Afforestation Projects


Forestry has the function of adapting to and mitigating climate change, and it is an essential method for increasing carbon sinks, reducing carbon emissions, and promoting ecological civilization construction in the future. The relevant provisions of the Paris Agreement state that countries should take relevant actions to protect forest carbon pools and increase forest carbon sinks. FCSPs, as carbon trading method for forestry activities, have frequently appeared in domestic and international carbon trading markets. At the end of 2017, there were 110 FCSPs being carried out and registered with China’s Development and Reform Commission. The approval scheme Chinese Certified Emission Reduction (CCER) of China’s FCSPs is distributed in 23 provinces and cities. According to the selected tree species and combination methods, there are differences in the carbon reduction effects of different types of projects.



At present, China’s forestry carbon sequestration mainly includes the afforestation type of FCSPs (CSAPs and bamboo afforestation) and the forestry management type of forestry carbon sequestration projects (forest management and bamboo forest management). By the end of March 2017, 66 CSAPs in China had been approved and 11 had been registered, mainly distributed in Inner Mongolia, Jiangxi, and Hubei (collected from China Voluntary Emission Reduction Trading Information Platform.). According to Yang et al. [26], the average annual carbon reduction of these projects is 11.26 tons/hectare. At the time, one bamboo afforestation project had been approved and zero projects had been registered in Hubei Province, with an average annual carbon reduction of 9.35 tons/hectare. Twenty-five forest management projects had been approved and one had been filed, mainly distributed in Jilin, Heilongjiang, and Inner Mongolia. The average annual carbon reduction of these projects is 2.87 tons/hectare. Five bamboo forest management projects had been approved and one had been registered, mainly distributed in Zhejiang and Hubei. The average annual carbon reduction is 5.87 tons/hectare. It can be seen that CSAPs account for the largest proportion of China’s forestry carbon sequestration projects, with the highest carbon reduction.



As the main implementation object of FCSPs, CSAPs can absorb CO2 in the atmosphere through afforestation and contribute to China’s goal of “carbon neutrality” by 2060. At present, the types of CSAPs in China mainly include CDM, CCER, and other voluntary projects such as the Forestry Voluntary Carbon Reduction Standard (VCS) project. There are five registered forestry carbon sequestration CDM projects in China, all of which are afforestation and reforestation projects. As early as 2003, Guangxi collaborated with the World Bank’s Biocarbon Fund to develop the world’s first CDM carbon sequestration afforestation methodology. In 2006, the first CDM reforestation project to be approved and registered in the world was designed and implemented in Huanjiang and Cangwu, namely “the Pearl River Basin reforestation project in Guangxi, China”. In 2008, the “Reforestation Project for Degraded Land in Northwest Guangxi” was implemented in Longlin, Tianlin, and Lingyun. By the end of 2019, these two CDM projects had generated 748,000 tons and traded 640,000 tons of carbon sequestration and received a carbon sequestration transaction payment of USD 2.98 million.



In March 2017, due to issues such as a low volume of voluntary greenhouse gas reduction trading and the insufficient standardization of individual projects, the National Development and Reform Commission temporarily suspended the acceptance of applications for the registration of greenhouse gas voluntary emissions reduction trading methodologies, projects, and certification institutions. At present, there are 11 registered CCER CSAPs in China. They are distributed in Guangdong, Jiangxi, Inner Mongolia, Beijing, Hebei, Heilongjiang, and Yunnan. Overall, major carbon trading pilot regions have shown some inclination towards forestry carbon sink CCER projects. For example, the CCER project used by Hubei Carbon Exchange for offsetting encourages priority use of agricultural and forestry projects. Shenzhen Carbon Exchange designates the areas for wind power, photovoltaic, waste incineration, and other projects, while agricultural and forestry projects are not subject to regional restrictions. Considering that carbon sequestration and afforestation projects account for a relatively large proportion of China’s forestry carbon sequestration projects and contribute the most to carbon reduction, and that China’s developing forestry carbon sequestration VCS projects have been ongoing since 2017, we select China’s registered CDM and CCER projects as examples to reflect the implementation effect of China’s forestry CSAPs.




2.2. Research Hypothesis


CSAPs enhance the efficiency of forest resource utilization and promote sustainable development of forestry by implementing afforestation and forest management, thus reducing deforestation. They are of great significance in promoting local forest product export and improving the quality of life of forest farmers. CSAPs can alleviate the financing constraints of local forest product export enterprises and provide financial support for the development of forest product export. Implementing CSAPs in the local area, the government will introduce a series of industrial policies related to industry guidance, platform construction, and industry chain expansion based on the positive signal effect of the market [27]. Through direct government subsidies [28,29] or conveying positive signals to the market, accelerating capital aggregation has reduced the financing costs and expanded financing channels for related forest product enterprises [30]. This provides financial support for forest product enterprises to expand production and increase their export trade scale.



Moreover, the implementation of CSAPs can strengthen local production advantages and encourage forest product enterprises to occupy a comparative advantage in export, further expanding their export scale. CSAPs introduce advanced afforestation and agricultural product cultivation technologies, cultivate the afforestation skills of forest farmers [31], and affect the types of exported forest products. It can accelerate the industrial agglomeration of forest products, form the scale effect of production of forest product enterprises, reduce the export-fixed cost and variable cost [32], and may affect the price and quantity of export forest products. At the same time, spatial clustering around CSAPs can enable export enterprises to obtain more export information or share more international marketing networks, and expand sources of market information. They further strengthen the production advantages of enterprises, enhance the international competitiveness of forest products [33], and thus facilitate the increase in the scale of forest product export.



In addition, CSAPs can promote the upgrading and rationalization of regional industrial structures and reshape export competitive advantages. Hu and Zeng [34] estimated the effects of CSAPs on county economic development by using the propensity-score-matching difference-in-difference (PSM-DID) model, and found that the implementation of CSAPs significantly promoted the growth of regional real GDP. In addition, local economic development can be promoted mainly through optimizing the local industrial structure and raising residents’ savings rates. Wu et al. [1] constructed the PSM-DID model to study the impact of CSAPs on local economic growth. It was found that CSAPs play an important role in promoting county economic development, and that the economic benefits of a CSAP gradually appear from the sixth year of the implementation of the project. Therefore, the hypothesis is proposed as follows:



Hypothesis 1. 

CSAPs have a significant promoting effect on the scale of forest product export and affect the export trade structure of forest products by affecting the types, prices, and quantities of export products.





China has a vast land area, and there are differences in technological level and industrial foundation among different regions. Existing research has verified that environmental regulations have different impacts on export competitiveness in different regions of China [35], leading to differences in the impact of CSAPs on export in different regions. Some scholars have also found that there are differences in the dependence degree of industries with different factor intensities on technological innovation [36], and the export expansion effect caused by CSAPs may vary among forest product enterprises with different factor intensities. Chen et al. [21] argue that SOEs, which balance social responsibility such as improving local employment, are less sensitive to costs and may respond less to environmental regulations. There are also differences in the financing capabilities of enterprises with different ownership systems [37]. Zheng et al. [38] pointed out that there were differences in the degree and mode of enterprise participation in the global division of labor under different trade patterns, and forest product enterprises with a processing trade pattern rely on imported intermediate goods. The expansion effect on export scale brought about by CSAPs may vary among enterprises with different trade patterns. Existing research has verified that the development status of export destination countries, such as the level of financial and economic development, can affect export [39]. Therefore, the export effect of CSAPs may vary with the development level of export destination countries. In addition, when the export destination country is a country along the BRI, the level of its transportation infrastructure has been improved, which can effectively reduce the trade cost with China [40]. Therefore, the hypothesis is proposed as follows:



Hypothesis 2. 

When considering the location, production factor intensities, enterprise trade mode, ownership, development degree of the export destination country, and whether it is a country along the BRI, there is heterogeneity in the export scale of forest product enterprises affected by CSAPs.





Enhancing the export duration is the key to the sustained growth of China’s forest product exports [41]. CSAPs accelerate the agglomeration of local forest product industries, resulting in agglomeration effects and trade costs such as information search costs, communication costs, and payment costs for export enterprises. Moreover, more small enterprises have emerged within the forest product industry cluster, which will stimulate the innovation level of enterprises due to more intense competition [42]. The spillover effect of expertise and technology, as well as the improvement in the innovation level of forest product enterprises, will promote the productivity and export level of relevant forest product export enterprises [32]. In addition, carbon sink afforestation projects reduce the export fixed cost and variable costs of enterprises by gathering related industries to form a certain scale effect, which not only promotes the sustainable growth of the original export market of forest products [41], but also provides sufficient space and motivation for the implementation of strategies such as brand building and product upgrading for enterprises. This enhances the innovation level and productivity of enterprises, thereby increasing the export duration of forest products. Therefore, the theoretical hypothesis proposed in this study is:



Hypothesis 3. 

The implementation of CSAPs promotes the export duration of forest product enterprises.







3. Model and Data


3.1. Model Construction


We selected CSAPs as a quasi-natural experiment to examine the impact on China’s forest product export trade. Given that several regions implemented CSAPs in different years, we implemented the DID method with multiple time periods. The specific model settings are as follows:


    export   ipct   =  β 0  +  β 1    treat  i  ×   post  t  +  λ X  +  μ i  +  γ p  +  θ c  +  σ t  +  ε  ipct    



(1)




where the dependent variable     export   ipct     represents the export volume of p products exported by enterprise i to country c in year t. The core explanatory variable is     treat  i  ×   post  t   . The treatment variable     treat  i    takes 1 when a CSAP is implemented in the region where enterprise i is located, and otherwise it is 0.     post  t    is a time dummy variable, it takes 1 when a CSAP is implemented, and otherwise it is 0. X represents the set of control variables from enterprise, national, and regional perspectives. The detailed explanation is provided below.    β 0    is the intercept term,    β 1    reflects the effects of implementation of CSAPs.  λ  are estimation coefficients of control variables.    μ i    represents individual fixed effects at the enterprise level,    γ p    represents individual fixed effects at the product level,    θ c    represents individual fixed effects at the country level,    σ t    represents the time fixed effect, and    ε  ipct     is the error term.




3.2. Variable Explanation


We select control variables that affect export trade, including enterprise-level, national-level, and regional-level variables. The enterprise-level control variables include enterprise ownership structure (SOE) and enterprise trade mode (general). State-owned firms are beneficial for increasing government subsidies and thus have a greater export volume [43]. Thus, among them, SOE is set to be 1 when the enterprise is a state-owned enterprise, and otherwise it is 0. Processing trade is an important impulse to promote export expansion due to cheap labor and land inputs in China [44]. The trade type indicator of the enterprise is set to be 1 when the trade type of the enterprise is general trade, and 0 for processing trade.



The national-level control variables include whether the export destination country has signed a free-trade agreement (FTA) with China and the per capita GDP of the export destination country (WGDP). Free-trade agreements promote bilateral trade through trade creation effects [45,46]. FTA is set to be 1 when the export destination country has signed an FTA with China, and otherwise it is 0. Economic conditions in trading partner countries matter for market demands, and higher market demands are positively correlated with exports [47,48]. WGDP is measured by the per capita GDP of the export destination country in log.



Regional-level control variables include regional per capita GDP, transport infrastructure, number of internet users, trade openness, and forest utilization ratio. The level of economic development in exporting areas reflects local industrialization and supply capacities, which is fundamental to exports [49,50]. The per capita GDP of the region is represented by the per capita GDP of the region in log. Considering that the density of regional roads or railways can reflect the efficiency of logistics transportation and is one of the infrastructure conditions that affect the export trade of wood forest products [50], transport infrastructure level is expressed by dividing the mileage of roads in the region by the administrative area in log. Information technology can help firms to find more trading partners and effectively reduce trade costs [51,52]. Considering that the development level of regional internet to some extent reflects the information technology level of the forestry industry in the region, number of internet users is expressed as the number of internet users per hundred people in log. Higher trade openness results in intense market competition, and firms can improve their TFP through spillover effects and human resource effects [53,54]. Thus, trade openness is also beneficial for firm exports. Trade openness is expressed as the proportion of regional total imports and exports to GDP. The conditions of the forest industry are closely related with forest product exports [55]. Forest utilization ratio is expressed as the ratio of forest area to forestland area, and it is an important indicator for measuring the level of forestry development in a region.




3.3. Data Sources and Correlations Test


The enterprise-level data, including forest products export trade scale, enterprise ownership, and enterprise trade model, are obtained from the China Customs Import and Export Trade Database. This database provides the data from 2000 to 2016. Based on the “China’s Import and Export Tax Regulations”, the relevant categories of forest products were systematically defined, and a sample of enterprises involved in the export of forest products was retained. Meanwhile, the national-level data include whether the export destination country has signed an FTA with China and WGDP. The FTAs are obtained from the China Free Trade Zone Service Network. The WGDP data of export destination countries are sourced from the World Bank database. In addition, the relevant variables at the regional level in China come from the China Urban Statistical Yearbook and the China Environmental Statistical Yearbook. Due to the fact that enterprise-level data have only been updated up to 2016, the final sample is from 2000 to 2016. The descriptive statistics of data are shown in Table 1.



Table 2 shows the correlation test between various variables, and the results show that the correlation coefficient between each variable is very low and there is no obvious correlation relationship.





4. Analysis of Regression Results


4.1. Basic Results


Table 3 shows the impact of CSAPs on the export scale of China’s forest products, all of which are clustered at the urban level. From column (2), it is found that without considering the control variables, the implementation of CSAPs has expanded the export volume of China’s forest products by 0.0986%. This means that the implementation of China’s CSAPs has significantly increased the export scale of forest products. After considering the control variables, column (4) shows that the implementation of CSAPs has led to an increase of 0.0762% in the export scale of forest products in treatment areas, which is significant at the 5% level. The result supports Hypothesis 1 and indicates that the carbon sequestration afforestation projects can significantly increase the export scale of forest products.



The basic regression indicates that the implementation of CSAPs has a positive impact on the expansion of China’s forest product exports. The reasons may be that the CASPs can encourage local farmers to improve their skills and create employment opportunities [2], promote local reduction in the use of agricultural land [56], and encourage local labor to flow into industries such as forest product manufacturing [57]. It may expand the output value of forest products. Moreover, as CSAPs can attract socially and environmentally responsible enterprises and investors and provide diversified financing channels for the local area [1], they effectively improve the financing level and innovation ability of local forest product export enterprises. In addition, CSAPs can encourage China to improve the standards of forest products in the long run in order to meet the requirements of environmentally strict countries, thereby expanding the export market.




4.2. Heterogeneity Analysis


In order to investigate the heterogenous impact of CSAPs on China’s forest product exports, we conducted the following heterogeneity analysis: (1) Considering China’s vast territory, large land area, and significant regional differences in economic development and technology in different geographical locations, triple-cross terms of the central dummy variable (middle) and western dummy variable (west) with the DID interaction term treat × post were set separately to examine the different impacts across regions. (2) Considering the differences in the production factors invested in different forest products production activities, forest products were divided into labor-intensive products (including wood products, wood furniture, and artificial board products), capital- and technology-intensive products (including wood pulp, paper, and paper products), and resource-intensive products (other forest products that do not belong to the above two categories). Triple-cross terms of the resource-intensive products dummy variable (source) and the capital- and technology-intensive products dummy variable (capital) with the DID interaction term treat × post were set separately to examine different impacts of different factors’ endowment products. (3) Considering the differences in enterprises’ export behavior under different trade patterns, we distinguished between general trade, processing trade, and mixed trade types, and set triple-cross terms of the processing trade dummy variable (process) and the mixed trade dummy variable (mixed) separately with the DID interaction term treat × post to examine the different impacts of different trade patterns. (4) Considering the significant differences between SOEs and non-SOEs in financing channels, enterprise scale, and other aspects, a triple-cross term was set up between the SOE dummy variable (SOE) and the DID interaction term treat × post to examine the different impacts of different enterprise ownerships. (5) Considering that countries with different economic development have different requirements for the quality and environmental protection standards of imported products, we distinguished export destination countries between developed and developing countries, setting up a triple-cross term of the developed export destination countries dummy variable (dev) with the DID interaction term treat × post to examine the different impacts of different export destination countries’ development levels. The results are shown in columns (1)–(5) of Table 4.



From column (1), it is found that CSAPs have the highest significant positive effect on the export scale of forest products in China’s eastern and western regions, while they have a significant negative effect in the central region. The result supports Hypothesis 2. This may be due to the fact that the eastern region is more favorable in terms of the business environment and market openness compared to the central and western regions. Chen et al. [35] verified that environmental regulation enhanced the eastern region’s export competitiveness. Therefore, CSAPs enable enterprises in the eastern region to face the fierce competition in the international market.



From column (2), it is found that CSAPs have a greater positive effect on the expansion of China’s resource-intensive forest product exports compared with labor-intensive forest product exports. The result supports Hypothesis 2. On the other hand, these projects have a significant inhibitory effect on the export of capital- and technology-intensive forest products in China. This indicates that the positive impact of CSAPs on China’s forest product export scale is achieved through the increased export of labor-intensive and resource-intensive forest products. Capital- and technology-intensive industry is more affected by environmental regulations, but their development needs to be driven by innovation [36]. It is worth pondering for policy makers how to improve market-oriented CSAPs to help promote the technological improvement of export forest products.



Column (3) shows that CSAPs have led to an increase of 0.1232% in the export scale of general trade enterprises, while the export scale of processing trade enterprises and mixed trade enterprises has decreased by 0.1323% and 0.1525%, respectively. The result supports Hypothesis 2. CSAPs have a significant promoting effect on the exports of general trading enterprises, while they have a significant negative effect on the exports of processing trade and mixed trade enterprises. Imported intermediate goods have an impact on export scale through the complexity of export technology [58]. The degree of dependence on imports varies under different trade patterns, and processing trade and mixed trade need imported intermediate goods. Therefore, the implementation of CSAPs has different impacts on exports under different trade patterns.



From column (4), it can be seen that these projects have a significant positive impact on the forest product export scale of non-SOEs (0.4777%), while they have a significant negative impact on the forest product export scale of SOEs (0.8922%), with the negative impact being far greater than that on forest product export from non-SOEs. The result supports Hypothesis 2. Compared with previous results of control variable SOE, although SOEs are more likely to expand their export scale of forest products, the implementation of CSAPs will actually promote the expansion of forest product export scale of non-SOEs. This may be due to the characteristics of non-SOEs, such as more flexible organizational forms, greater freedom, and faster responses to market changes [37,59]. Due to these characteristics of non-SOEs, the implementation of CSAPs can enable non-SOEs making forest products to adjust their investment direction more quickly, use resources more freely to achieve their own interests, and thus promote the expansion of the forest product export scale.



Column (5) shows that the export scale of forest products to developing countries has significantly increased (0.1249%), while the export scale of forest products to developed countries has significantly decreased (0.0842%). The result supports Hypothesis 2 and indicates that there are structural differences based on export destination in the scale of Chinese forest products exported to different regions due to the impact of CSAPs. This may be due to environmental regulation affecting the price transmission and product conversion of export products, leading to export companies adjusting their export destination countries [60]. The implementation of CSAPs allows Chinese enterprises to export more forest products to developing regions and reduce the amount of forest products being exported to developed regions.




4.3. Results of Robustness Test


Based on the previous results, if enterprises in regions where CSAPs have been implemented demonstrate a trend of expanding the export scale of their forest products before the implementation of the projects, the positive effect of CSAPs of promoting the export trade of forest products found earlier will be exaggerated. In summary, the potential concern regarding the DID model is that the effectiveness of a project’s implementation may be partially attributed to the efforts made or potential trends exhibited before the project’s implementation, which may lead to the changes after the project’s implementation actually being caused by previous efforts. Therefore, it is necessary to conduct parallel trend testing in order to examine the possibility of exaggerating the effectiveness of the projects [35,59]. Taking into account all lags in CSAPs, we construct the following model:


    lnexport   ipct   =  α 0  +   ∑   n = − 4  5  (   ρ t  ∗  I t  t − p o s t   ∗   treat  i  ∗ p o s  t t   ) +  λ X  +  μ i  +  γ p  +  θ c  +  σ t  +  ε  ipct    



(2)




when   t − post = n  ,    I t  t − p o s t     is 1, and otherwise it is 0. t represents the year, and post represents the dummy variable for before and after the implementation of the CSAPs. The value is 1 in regions where a project had been implemented during the implementation period, and otherwise it is 0. X represents the set of control variables, which are the same as in model (1). In the parallel trend test, it is important to focus on coefficients of    ρ t   .



Figure 1 shows the estimated coefficients of the parallel trend test at the 95% confidence interval. From Figure 1, the DID interaction terms are not significant before the implementation of the CSAPs, while the coefficients after the implementation of the projects are statistically significant. We do not observe a continuous increase or decrease in the difference in the export scale of forest products between the treatment group and the control group, resulting in an upward or downward tilt in the estimated processing effect. This indicates that there is a similar trend in the export scale of forest products before a CSAP. After the implementation of the CSAPs, there is a significant difference in the change trend of the export scale of forest products. The parallel trend test is passed, and there are no exaggerated effects of the CSAPs.



In order to test the robustness of basic results, we conduct the following robustness tests: (1) The global financial crisis triggered by the US subprime mortgage crisis in 2008 had a profound impact on China’s export trade. In order to eliminate the impact of this financial crisis on China’s forest product exports, data from 2007, 2008, and 2009 are excluded for regression. The results are shown in column (1) of Table 4. (2) Considering the significant differences in export behavior between forest product trade intermediaries and other forest product production enterprises, we exclude the sample of trade intermediaries with enterprise names containing fields such as “import and export”, “trade”, “economy and trade”, “foreign economy”, “science and trade”, and re-regress model (1). The results are shown in column (2) of Table 4. (3) For possible outliers, we conduct a 1% level bilateral tail shrinking for each variable, and the results are shown in column (3) of Table 5.



From column (1), it can be seen that after excluding the potential impact of the 2008 financial crisis, the implementation of CSAPs can lead to a significant increase of 0.1403% in China’s forest product export scale. Column (2) shows that after excluding the sample of forest product trade intermediaries, CSAPs can still provide significant positive effects, increasing forest products export scale by 0.1201%. Column (3) shows that the implementation of CSAPs can bring about a 0.077% increase in China’s forest product export after the tail-shrinking treatment of possible outliers, which is significant at the 5% confidence level. From this, it can be seen that although the estimated coefficient of CSAPs has changed, it is still significantly positive at the 1% or 5% confidence level. The implementation of CSAPs can significantly improve China’s forest product export scale, verifying the robustness of the basic results above.



In order to analyze the impact of CSAPs on China’s forest product export structure from a more microscopic perspective, inspired by Berman and Hericourt [60] and Minetti and Zhu [61], we decompose export trade into the expansion margin, price margin, and quantity margin from the product level, exploring the marginal utility of CSAPs on forest product export. In Table 6, columns (1)–(3) show the effects of CSAPs on the export expansion margin, price margin, and quantity margin of forest products, respectively. At the same time, considering that the BRI has strengthened and deepened trade exchanges between China and countries along the BRI, we set the dummy variable BRI to indicate whether the export destination country is a country along the BRI. If it is a country along the BRI, BRI = 1; otherwise, it is 0. Furthermore, the interaction term of difference-in-difference-in-difference (DDD) treat × post × BRI is added to model (1). The results are shown in column (4) of Table 6. Column (1) indicates that the coefficient of CSAPs on the export types of forest products in China is -0.0196, demonstrating statistical significance. This indicates that when China implements CSAPs, the number of types of forest product exports in China correspondingly decrease. One possible reason for this result is that CSAPs consider carbon sequestration efficiency, afforestation feasibility, and other carbon sequestration attributes, and mainly promote carbon-sequestering tree species such as the camphor tree, Schima superba, and Chinese fir. This leads to a concentration of corresponding forest product enterprise export types in carbon-sequestering tree-related products, resulting in a decrease in the number of forest product export types. Column (2) shows that the implementation of CSAPs can lead to an increase of 0.0509% in the export price of forest products, which is significant at the 1% confidence level. This may be due to the implementation of CSAPs, as it encourages forest product enterprises to obtain more profits through carbon sequestration market trading mechanisms and motivates enterprises to improve technology and product quality. It helps enterprises to achieve marginal price growth and gain international competitiveness. Column (3) shows that CSAPs have a positive impact on the marginal export quantity of forest products. This indicates that the implementation of CSAPs enhances the export competitiveness of forest products and increases export scale, which is similar to the results of Du and Li [62]. In summary, although the implementation of CSAPs significantly inhibits the marginal expansion of forest product exports, it has a significant promoting effect on the price and quantity margin of forest products export. CSAPs have a certain degree of optimization effect on the export structure of Chinese forest products. The result supports Hypothesis 2. The implementation of CSAPs improves the quality of China’s forest product export trade in more ways than by achieving the extensive growth model of expanding export volume.



Column (4) shows that the coefficient of treat × post is 0.096, and the coefficient of treat × post × BRI is 0.1852. This shows that the BRI has played a significant positive role in regulating the expansion of China’s forest product export driven by CSAPs. The result supports Hypothesis 2. This is consistent with Tian et al. [40], who state that the BRI will improve the infrastructure of countries along the BRI and bring about the growth of China’s net export. It can be seen that forest product export enterprises should focus on countries that have joined the BRI when choosing forest product export destination countries, so as to better take advantage of the expansion effect on export brought by CSAPs.



Maintaining stable export development is the foundation for achieving the sustainable development of forest product exports. Survival analysis usually uses survival or risk functions to describe the distribution characteristics of survival time. Therefore, we construct a survival function and export duration for enterprises, to examine whether CSAPs have a positive effect on the export duration of forest products.



Due to the fact that the Cox proportional risk model is mainly applied to continuous variables, when there are higher nodes, i.e., many enterprises have the same survival time, the estimation of this method will have significant errors. Therefore, we construct a discrete survival analysis model, the cloglog model, to estimate the impact of CSAPs on the export duration of forest product enterprises. The cloglog model for discrete data is set as follows:


  cloglog   1 −  h  it     =  β 0  +  β 1   treat i  ∗  post t  +  β X  +  τ t  +  δ t  +  θ d  +  μ h  +  ε  idht    



(3)




where    h  it     represents the discrete time risk rate; the higher the enterprise risk rate   cloglog   1 −  h  it      , the higher the probability of the enterprise exiting a certain export market, indicating that the trade relationship between the enterprise and its export market is maintained for a shorter period of time. X represents the set of control variables. Similar to the continuous time model, for the discrete event model, the export risk rate of a company depends on two parts: one is the same risk rate for all companies    τ t   , and the other part is the differences brought about by enterprise heterogeneity, set as fail.



In theory, we should control for the enterprise–product–destination country fixed effect, but the use of the clog log model in Stata greatly limits the large sample regression and therefore cannot control for individual fixed effects of enterprises. Thus, we construct the following model based on export duration:


    Duration   idht   =  β 0  +  β 1    treat  i  ×   post  t  +    β X    idht   +  ε  icht   +  δ t  +  θ  idh   +  ε  idht    



(4)




where Duration represents the duration of the enterprise’s exports.  β  is the coefficient to be estimated, and X represents the set of control variables. We also control for enterprise–product–destination country fixed effects    θ  ich     and fixed year effects    δ t   .



The discrete event model is a binary selection model, where each year’s data for a trade relationship are treated as an observation. If the duration of a trade relationship is complete, the last year’s fail (occurrence of a failed event) is assigned a value of 1, and the remaining years are assigned a value of 0. If the duration of a trade relationship is deleted, we assign a value of 0 to the annual failure of the trade relationship. Additionally, if the trade segment had not exited the export market by 2016, we assign a value of 0 to the annual fail. Besedeš and Prusa [63] showed that regardless of the same trade relationship going through multiple durations, the method of treating the first duration period as the only duration period is basically the same as treating multiple durations as independent durations. Therefore, we consider multiple durations of the same trade relationship as independent durations. From this, a total of 2,543,919 export duration periods are obtained for forest product exports from 2000 to 2016, set as Duration. The results are shown in Table 7. Columns (1)–(3) represent the results of model (3), and columns (4)–(5) represent the results of model (4).



From Table 7, it can be seen that CSAPs have a negative impact on the probability of exiting an export market determined by enterprise heterogeneity, which is significant at a 1% confidence level. Meanwhile, CSAPs have a significant positive impact on the export duration of enterprises. The results show that with the implementation of CSAPs, the trade relationship between forest product enterprises and their export market will be maintained for a longer time. By implementing environmental regulation, enterprises can upgrade their product quality to meet environmental standards, improve the international competitiveness of exported products, and extend the duration of product exports [64]. Therefore, these conclusions validate Hypothesis 3. The implementation of CSAPs reduces the risk of termination of trade relations among forest product export enterprises, and the risk of failure in trade relations will be lower, thus extending the duration of their exports.





5. Conclusions and Policy Suggestions


Forestry carbon sequestration is an important tool for China to respond to global climate change. As the main implementation object of forestry CSAPs, carbon sequestration projects can absorb CO2 in the atmosphere through afforestation, making contributions to China’s goal of “carbon neutrality” by 2060. As China is a major country in the global forest product production and import and export trades, studying the impact of CSAPs on forest product export can help improve relevant policies and help Chinese forestry enterprises achieve high-quality trade development. We employ the micro-data of forest products export enterprises provided by the Chinese Customs database to construct a time-varying DID model and examine the impact and heterogeneity of CSAPs on China’s forest product export.



We find that CSAPs have significantly increased China’s forest products export. The implementation of these projects has led to an increase of 0.0762% in forest products export. Moreover, there is significant regional, industry, trade pattern, enterprise ownership, and export-destination-country-related heterogeneity in the impact of CSAPs on China’s forest product export scale. The implementation of these projects has a significant promoting effect on the export scale of forest products for enterprises in the eastern and western regions, labor-intensive and resource-intensive enterprises, general trade enterprises, non-state-owned enterprises, and export destinations located in developing countries. On the contrary, it has a significant negative effect for enterprises in the central region, capital- and technology-intensive enterprises, processing and mixed trade enterprises, SOEs, and export destinations located in developed countries.



Further analysis reveals that although the implementation of CSAPs significantly reduces the different types of exported forest products, it has a significant promoting effect on the increase in export prices and the quantity of forest products to varying degrees. CSAPs have a certain degree of optimization effect on the export structure of forest products. The BRI has played a significant positive role in regulating the expansion of China’s forest product export scale driven by CSAPs. Moreover, these projects reduce the risk of termination of trade relations among forest product export enterprises, lower the risk of failure in trade relations, and prolong the export duration of forest product enterprises through CSAPs.



The conclusions provide inspiration for policy makers and forest product enterprise managers. Firstly, the Chinese government should continue to promote CSAPs and increase publicity efforts to improve the liquidity of CSAPs. They can establish a sound long-term and stable operation mechanism and carbon trading markets for these projects. Governors should establish information-based carbon-sink-trading platforms, and guide more enterprises to participate in CSAPs to realize coordinated development between environmental protection and trade transformation. Secondly, when considering the impact of CSAPs, forest product enterprises need to formulate different strategic guidelines based on their geographical location, dependence on production factor inputs, trade patterns, enterprise ownership, and product export destination countries. Enterprises should adjust their export policies and methods in cases where there may be negative impacts from policies in a timely manner, and leverage the positive impact of CSAPs. For example, the government assists private enterprises in optimizing the export market structure and expanding the export market of forest products in developing countries. Forestry enterprises need to transform trade patterns, encourage internal product upgrades and technological innovation, and enhance international market competition by climbing up the global value chain. Thirdly, guided by depth and quality, the Chinese government can consider deepening the terms of the BRI and FTA provisions, and carrying out high-quality international economic and trade cooperation in areas such as regional investment and service trade. When selecting destination countries for forest product exports, forest product export enterprises should focus on countries that have joined the BRI and trade partner countries that have signed FTAs with China. This way, enterprises can fully reduce trade costs, and better leverage the expansion effect of export brought by CSAPs.



China is in the stage of transitioning to a power-trading country, and it is worth conducting in-depth research on how to use CSAPs to improve the quality of China’s forest product exports. Moreover, as the BRI is proposed, China’s export market shows a trend of diversification. It is worth further exploring whether CSAPs can promote the export of forest products through export market diversification. This research will provide a reference for China and other developing countries to better use forestry-related environmental policies to boost export trade quality in the future.
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Figure 1. Parallel trend test. 
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Table 1. Descriptive statistics of data.
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	Variables
	Definition
	N
	Mean
	Sd
	Min
	Max





	lnexport
	Export of forest products
	4.903 × 106
	8.426
	2.758
	0.693
	19.02



	treat × post
	Whether to implement CSAPs
	4.903 × 106
	0.0134
	0.115
	0
	1



	SOE
	Dummy variable of enterprise ownership structure
	4.903 × 106
	0.177
	0.382
	0
	1



	General
	Dummy variable of trade pattern
	4.903 × 106
	0.679
	0.467
	0
	1



	lnWGDP
	Per capita GDP of the export destination country
	4.868 × 106
	9.915
	1.162
	4.594
	12.22



	lnforest
	Forest utilization ratio
	4.903 × 106
	0.806
	0.0813
	0.285
	0.937



	lnpgdp
	Regional per capita GDP
	4.900 × 106
	10.77
	0.733
	4.595
	13.06



	lntrans
	Transport infrastructure level
	4.903 × 106
	−0.0312
	0.462
	−3.712
	2.520



	lninternet
	Number of internet users
	4.903 × 106
	3.269
	1.142
	−5.109
	5.904



	lnopen
	Trade openness
	4.903 × 106
	1.574
	1.268
	−1.644
	3.703



	FTA
	Dummy variable of export destination country signing a free-trade agreement with China
	4.903 × 106
	0.190
	0.392
	0
	1










 





Table 2. Variable correlations test.
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	export
	treat × post
	SOE
	General
	WGDP
	Forest
	pgdp
	lntrans
	lninternet
	lnopen
	fta





	export
	1.0000
	
	
	
	
	
	
	
	
	
	



	treat × post
	0.0117
	1.0000
	
	
	
	
	
	
	
	
	



	SOE
	0.1162
	−0.0468
	1.0000
	
	
	
	
	
	
	
	



	General
	−0.0921
	−0.0153
	0.0279
	1.0000
	
	
	
	
	
	
	



	lnWGDP
	0.0359
	−0.0218
	0.0276
	0.0042
	1.0000
	
	
	
	
	
	



	lnforest
	0.0326
	−0.0230
	0.0029
	0.0056
	0.2414
	1.0000
	
	
	
	
	



	lnpgdp
	−0.0987
	−0.0950
	−0.0867
	−0.0832
	−0.0202
	0.0433
	1.0000
	
	
	
	



	lntrans
	−0.0711
	−0.0585
	−0.1405
	−0.0762
	−0.0417
	0.0195
	0.2599
	1.0000
	
	
	



	lninternet
	−0.1393
	−0.1020
	−0.0596
	−0.0835
	0.0112
	0.0595
	0.3434
	0.3057
	1.0000
	
	



	lnopen
	−0.0249
	−0.1638
	0.1288
	−0.0363
	0.0684
	0.0897
	0.4277
	0.0727
	0.2897
	1.0000
	



	fta
	−0.0291
	0.0989
	−0.1172
	−0.0375
	−0.0102
	0.0615
	0.1802
	0.0974
	0.1213
	0.0190
	1.0000










 





Table 3. Results of basic regression.
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	(1)
	(2)
	(3)
	(4)





	treat × post
	0.1263 ***
	0.0986 ***
	0.1420 ***
	0.0762 **



	
	(0.0358)
	(0.0356)
	(0.0358)
	(0.0357)



	SOE
	
	
	0.4856 ***
	0.2473 ***



	
	
	
	(0.0379)
	(0.0381)



	General
	
	
	−0.0918 ***
	−0.1042 ***



	
	
	
	(0.0025)
	(0.0026)



	FTA
	
	
	0.1497 ***
	0.1437 ***



	
	
	
	(0.0027)
	(0.0027)



	lnWGDP
	
	
	0.0809 ***
	0.0790 ***



	
	
	
	(0.0010)
	(0.0010)



	lnpgdp
	
	
	−0.2546 ***
	0.0116 *



	
	
	
	(0.0047)
	(0.0068)



	lntrans
	
	
	−0.4041 ***
	−0.0090



	
	
	
	(0.0070)
	(0.0101)



	lninternet
	
	
	0.0079 ***
	0.0030



	
	
	
	(0.0022)
	(0.0024)



	lnopen
	
	
	0.0208 ***
	0.0206 ***



	
	
	
	(0.0034)
	(0.0054)



	lnforest
	
	
	−0.8948 ***
	0.2513 ***



	
	
	
	(0.0622)
	(0.0828)



	Constant
	8.4433 ***
	8.4403 ***
	10.8909 ***
	7.2026 ***



	
	(0.0010)
	(0.0010)
	(0.0547)
	(0.0957)



	Enterprise fixed effect
	Yes
	Yes
	Yes
	Yes



	Product fixed effect
	Yes
	Yes
	Yes
	Yes



	Country fixed effect
	Yes
	Yes
	Yes
	Yes



	Year fixed effect
	No
	Yes
	No
	Yes



	Observations
	4,830,657
	4,865,821
	4,826,480
	4,826,480



	R-squared
	0.4568
	0.4630
	0.4617
	0.4656







Notes: *, **, and *** indicate statistical significance at 10%, 5%, and 1%, respectively. The values in parentheses are standard error.













 





Table 4. Results of heterogeneity analysis.






Table 4. Results of heterogeneity analysis.













	
	(1)
	(2)
	(3)
	(4)
	(5)





	treat × post
	0.5383 ***
	0.4398 ***
	0.1232 ***
	0.4777 ***
	0.1249 ***



	
	(0.0205)
	(0.0398)
	(0.0363)
	(0.0100)
	(0.0372)



	middle × treat × post
	−0.1269 ***
	
	
	
	



	
	(0.0234)
	
	
	
	



	west × treat × post
	0.0939 **
	
	
	
	



	
	(0.0414)
	
	
	
	



	source × treat × post
	
	0.4929 ***
	
	
	



	
	
	(0.0803)
	
	
	



	capital × treat × post
	
	−0.8746 ***
	
	
	



	
	
	(0.0365)
	
	
	



	process × treat × post
	
	
	−0.1323 ***
	
	



	
	
	
	(0.0215)
	
	



	mixed × treat × post
	
	
	−0.1525 ***
	
	



	
	
	
	(0.0281)
	
	



	soe × treat × post
	
	
	
	−0.8922 ***
	



	
	
	
	
	(0.0619)
	



	dev × treat × post
	
	
	
	
	−0.0842 ***



	
	
	
	
	
	(0.0182)



	SOE
	0.3002 ***
	0.2476 ***
	0.2480 ***
	0.3023 ***
	0.2472 ***



	
	(0.0031)
	(0.0381)
	(0.0381)
	(0.0031)
	(0.0381)



	General
	−0.7203 ***
	−0.1041 ***
	−0.1065 ***
	−0.7203 ***
	−0.1042 ***



	
	(0.0025)
	(0.0026)
	(0.0026)
	(0.0025)
	(0.0026)



	FTA
	0.0876 ***
	0.1437 ***
	0.1437 ***
	0.0878 ***
	0.1436 ***



	
	(0.0029)
	(0.0027)
	(0.0027)
	(0.0029)
	(0.0027)



	lnWGDP
	0.1186 ***
	0.0789 ***
	0.0790 ***
	0.1186 ***
	0.0794 ***



	
	(0.0010)
	(0.0010)
	(0.0010)
	(0.0010)
	(0.0010)



	lnpgdp
	0.3923 ***
	0.0112 *
	0.0118 *
	0.3918 ***
	0.0116 *



	
	(0.0031)
	(0.0068)
	(0.0068)
	(0.0031)
	(0.0068)



	lntrans
	0.1762 ***
	−0.0084
	−0.0094
	0.1759 ***
	−0.0090



	
	(0.0029)
	(0.0101)
	(0.0101)
	(0.0029)
	(0.0101)



	lninternet
	−0.3124 ***
	0.0028
	0.0030
	−0.3126 ***
	0.0030



	
	(0.0017)
	(0.0024)
	(0.0024)
	(0.0017)
	(0.0024)



	lnopen
	−0.0783 ***
	0.0199 ***
	0.0207 ***
	−0.0776 ***
	0.0207 ***



	
	(0.0018)
	(0.0054)
	(0.0054)
	(0.0018)
	(0.0054)



	lnforest
	0.8433 ***
	0.2831 ***
	0.2534 ***
	0.8233 ***
	0.2498 ***



	
	(0.0148)
	(0.0828)
	(0.0828)
	(0.0148)
	(0.0828)



	Constant
	3.8581 ***
	7.1881 ***
	7.2000 ***
	3.8789 ***
	7.2003 ***



	
	(0.0342)
	(0.0957)
	(0.0957)
	(0.0341)
	(0.0957)



	Enterprise fixed effect
	Yes
	Yes
	Yes
	Yes
	Yes



	Product fixed effect
	Yes
	Yes
	Yes
	Yes
	Yes



	Country fixed effect
	Yes
	Yes
	Yes
	Yes
	Yes



	Year fixed effect
	Yes
	Yes
	Yes
	Yes
	Yes



	Observations
	4,863,963
	4,826,480
	4,826,480
	4,863,963
	4,826,480



	R-squared
	0.2322
	0.4657
	0.4656
	0.2322
	0.4656







Notes: *, **, and *** indicate statistical significance at 10%, 5%, and 1%, respectively. The values in parentheses are standard error.













 





Table 5. Results of robustness test.
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	(1)
	(2)
	(3)





	treat × post
	0.1403 ***
	0.1201 ***
	0.0770 **



	
	(0.0436)
	(0.0439)
	(0.0352)



	SOE
	0.5970
	0.3251 ***
	0.2475 ***



	
	(0.8806)
	(0.0417)
	(0.0376)



	General
	−0.0934 ***
	−0.1277 ***
	−0.1013 ***



	
	(0.0028)
	(0.0032)
	(0.0025)



	FTA
	0.1494 ***
	0.2082 ***
	0.1401 ***



	
	(0.0030)
	(0.0034)
	(0.0026)



	lnWGDP
	0.0944 ***
	0.1153 ***
	0.0784 ***



	
	(0.0011)
	(0.0012)
	(0.0010)



	lnpgdp
	0.0002
	0.0360 ***
	0.0101



	
	(0.0070)
	(0.0077)
	(0.0080)



	lntrans
	0.0400 ***
	0.0369 ***
	−0.0090



	
	(0.0112)
	(0.0119)
	(0.0104)



	lninternet
	0.0098 ***
	0.0063 **
	−0.0014



	
	(0.0029)
	(0.0029)
	(0.0027)



	lnopen
	0.0157 ***
	0.0249 ***
	0.0213 ***



	
	(0.0059)
	(0.0065)
	(0.0054)



	lnforest
	0.0326
	0.3842 ***
	0.2771 ***



	
	(0.1022)
	(0.1012)
	(0.0821)



	Constant
	7.3753 ***
	6.5361 ***
	7.2158 ***



	
	(0.1992)
	(0.1146)
	(0.1032)



	Enterprise fixed effect
	Yes
	Yes
	