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Abstract

:

This paper innovatively combines Inward Foreign Direct Investment (IFDI) and Outward Foreign Direct Investment (OFDI) as a measure of two-way FDI coordinated development to consider the coupling and coordination level of FDI. Under the analytical framework of Copeland and Taylor (1994), it introduces this new measure to investigate the effects of China’s carbon emissions during 2004–2016, using the spatial econometric model and the differential generalized method of moments. We find that China’s carbon emissions show significant spatial correlation characteristics and interregional diffusion, which indicates that regional coordinated cooperative governance is key to carbon emission mitigation in China, and that China’s two-way FDI coordinated development has presented a significant braking effect on carbon emissions during the research period. Furthermore, we decompose the effects of the two-way FDI on carbon emissions into three parts. This decomposition shows that the scale effect is positive, while both the composition and the technique effects are negative. The technique effect essentially dominates the emission reduction induced by the coordinated development of the two-way FDI.
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1. Introduction


Both China’s Inward Foreign Direct Investment (IFDI) and Outward Foreign Direct Investment (OFDI) have presented the continuous rapid growing situation in recent years. The annual World Investment Report published by the United Nations Conference on Trade and Development shows that the flow on the actual utilization of Foreign Direct Investment (FDI) sharply rose to $131 billion in 2017 from $606.3 billion in 2004 in China, with a year-on-year growth of 7.9%, ranking the second in the world [1]. The data on Chinese foreign investment cooperation from Ministry of Commerce shows that the newly-increased non-financial OFDI for overseas enterprises by Chinese domestic investors in the same period rapidly rose to $15.829 billion in 2017 from $5.50 billion; in spite of a year-on-year reduction of $19.3 billion, China still ranks third in the world for OFDI [2]. It is observed from the scales of two-way FDI that China has become a true investment country with two-way FDI. It cannot be ignored that if the development of IFDI and OFDI deviates from their balanced strategy, a negative impact will be felt on China’s economy [3,4,5]. This highlights the importance of the role of the Chinese government in ensuring a balance between the “introduction of foreign investment” and the “investment in foreign countries” under the background of continuous expansion of the two-way FDI scale. In 2013, the “better combination between the introduction of foreign investment and the investment in foreign countries” was emphasized in the Third Plenary Session of the 18th Central Committee of the Communist Party of China; the development direction of “laying equal stress on the introduction of foreign investment and the investment in foreign countries” was also pointed out in the report of the 19th CPC National Congress in 2017. Driven by the strategy of laying equal stress on IFDI and OFDI, China has also begun to emphasize the coordinated development of the two-way FDI when the scales of IFDI and OFDI are continuously expanded.



However, China’s expansion of its opening-up process has also highlighted obvious climate change issues. Both “race to the bottom line” [6] and “dirty industries transfer” theories [7,8] believe that, with the promotion of free trade, countries relax the standards of their environmental regulations in order to maintain or enhance their international competitiveness, which results in a deterioration of the global environmental quality [6]. Thus, the impacts of international economic activities on the environment have prompted governments and scholars in various countries to consider the interrelationship between cross-border economic activities and climate change. IFDI and OFDI, which is one of the main forms of cross-border capital flows, serve as an important pathway of international economic activities and the climate change issues that subsequently emerge. This has become a hot topic of constant concern and high controversy among researchers and policy makers. Figure 1 shows that China’s IFDI, OFDI, and carbon emissions maintain the continuous growth tendency at the same time. As the largest carbon emitter, China has made an arduous emission reduction commitment to respond to global climate issues. China has committed to reduce its carbon intensity (emissions per unit of gross domestic product, or GDP) by 40–45% in 2020 compared to the level of 2005 in the 2009 Copenhagen Summit, and has put forward its CO2 emission peak by 2030 within the framework of the Paris Agreement.



Therefore, China faces the growing challenge of maintaining its growing economic system, whilst at the same time ensuring economic, social, and environmental sustainability. IFDI and OFDI are primary avenues for opening to the world and embedding into the global value chain; hence, their coordinated development has become one of the important strategies for China’s current and future opening-up strategy. The achievement of win–win scenarios for the two-way FDI coordinated development and the reduction of carbon emissions has been a difficult problem, and it is a challenge for China’s economic transition and the continuous growth of its opening to the outside world. The questions that we need to answer are: what is the relationship between the two-way FDI and carbon emissions in China? Should the two-way FDI be responsible for China’s carbon emissions? To end this, in the context of the cross-border capital flow characterized by the coordinated development of the two-way FDI, the study of potential factors influencing the carbon emissions is of great theoretical and practical significance to the construction of China’s ecological civilization, and thus also to the mitigation of local pollution diffusion toward the global range, because the flows of international capital and industrial transfer are accompanied by economic globalization.




2. Literature Review


2.1. IFDI, OFDI, and Environmental Pollution


Copeland and Taylor studied the relationship among national income, pollution, and international trade by establishing a static model of north–south trade [9], and Grossman and Kruger first analyzed the impact mechanism of FDI on environmental pollution from three aspects: scale effect, composition effect, and technique effect [10]. Subsequent studies have implemented similar analysis based on the theoretical model and the impact mechanism [11,12,13].



So far, researchers have not analyzed the environmental effect of the two-way FDI coordinated development. Most published articles primarily focus on the issue of inward FDI and environmental pollution. Zhang and Guo showed that the increase of FDI inventory in China intensifies the pollution discharge through the scale effect and the composition effect, while the technique effect is beneficial for the improvement of environmental quality [14]. Sheng and Lyu introduced technical factors into the Copeland–Taylor model, further decomposing the impact of FDI on environmental pollution into scale effect, composition effect, and technique effect; they also inspected the relationship between FDI and industrial pollution by utilizing Chinese industrial data and the system generalized method of moments (GMM) estimation. The results of their study showed that FDI has inhibited the pollution discharge through the technique effect and aggravated it by the scale effect and the composition effect, and the former effect exceeds the latter two [15]. Zhou and Ying analyzed the conduction mechanism of FDI on China’s industrial pollution using simultaneous formulas, and concluded that FDI influences the pollution discharge through the channels of scale effect, composition effect, and technique effect, and the increase of FDI is beneficial to the reduction of pollution discharge [16]. Zhou and Pang empirically examined the environmental pollution effect of China by its OFDI using the simultaneous formulas model. They found that the optimization effect of the industrial structure of China’s OFDI and the spillover effect of the reverse technology promote the improvement of the environmental quality, but the non-expected conduction of both the technique effect and composition effect causes OFDI to speed up environment deterioration [17].



As the Chinese government begins to focus on the balanced development of the introduction of foreign investment and investment in foreign countries, scholars have also begun to investigate ways of addressing environmental pollution in the presence of both IFDI and OFDI. By introducing the technical level into the Copeland–Taylor framework, Gong and Liu built the dynamic panel model by decomposing the environmental pollution effect of both IFDI and OFDI into the scale effect, composition effect, and technique effect, and introduced the interaction term of two-way FDI into the model to control the two-way FDI’s interaction effect on environmental pollution. They further used the system GMM and the differential GMM methods, and found that IFDI aggravated the industrial pollution discharge in China, and the interaction between OFDI and two-way FDI has a significant restraint effect on China’s industrial pollution discharge [18]. Yang et al. used the panel data of the Yangtze Economic Belt in China to investigate the environment pollution effect of two-way FDI based on the threshold variables of environmental regulation by building the threshold regression model. The results showed that two-way FDI has a significant effect on environment pollution, and implementing appropriate environmental regulation level is key to the effect of two-way FDI on emission reduction [19].



In addition, some scholars have also introduced the spatial econometric model in order to analyze the possible spatial correlation in the context of environmental pollution. Liu et al. verified that China’s industrial pollution discharge has an obvious spatial positive correlation using the spatial econometric model, based on the Environmental Kuznets Curve (EKC) hypothesis. The results showed that there is a non-linear “N-Type” relationship between FDI and environmental pollution, and the environmental pollution improvement in China shows the trend of “the more serious, the more treatment” [20]. Xu and Deng, based on data of China’s industrial enterprises, introduced the technical distance and economic distance, respectively, into the spatial weight matrix to reflect the industrial similarity, and examined the environmental pollution effect of both FDI and industrial agglomeration by constructing a spatial Tobit model. The results showed that FDI has significantly reduced the emission intensity of industrial pollution in China, and the industrial agglomeration has further strengthened the emission reduction effect of FDI [21]. Shi et al. used the spatial panel vector autoregression (SPVAR) model and PM2.5 concentration of satellite remote sensing data to investigate the space–time effect of FDI on haze pollution. The result showed that FDI has both a time lag and a spatial spillover effect on haze pollution in China. As time goes on, the “haven of pollution” effect gets converted to the “pollution halo” effect, the impact on haze pollution by FDI is different among regions, and local governments are required to implement measures according to local conditions [22]. Yan and Qi, based on the EKC hypothesis, built the static and dynamic spatial econometric models, respectively, and found that FDI has both a “superposition effect” and a “spillover effect” on haze, which leads to an increase in the haze concentration in the environment [23].




2.2. Interactions between IFDI and OFDI


Cross-border capital flow is an important form of economic globalization. A number of studies have presented the relationships between IFDI and OFDI. The promotion function of IFDI to OFDI has been demonstrated by a number of scholars. Pan et al. used the empirical test of transnational panel data to find that the stronger the host country’s absorptive capacity to foreign investment, the larger the market scale, and the better the attraction of foreign investment to the promotion of foreign investment [24]. Chen and Li used China’s provincial panel data and the theory of an investment development path (IDP), and found that the growth of the scale of FDI in China has increased the investment of fixed assets by the local government so as to promote Chinese enterprises’ OFDI [25]. Li et al. utilized Chinese microenterprise data to study the impact on “Investment in Foreign Countries” for Chinese enterprises by the “Introduction of Foreign Investment”. The results showed that the spillover level of IFDI has a significant positive impact on OFDI for Chinese enterprises, and the “Introduction of Foreign Investment” has significantly promoted the “Investment in Foreign Countries” [26].



Only a few studies have analyzed the influence of OFDI on IFDI. Nie and Liu (2019) found that the dual transmission mechanism of China’s OFDI has a significant positive impact on the scale and quality of its IFDI. For host countries with abundant natural resources and high technical proficiency, the structural transmission mechanism of China’s OFDI affecting the quality of IFDI is particularly obvious. For low-income host countries, the exchange rate transmission mechanism of China’s OFDI affecting the scale of IFDI is more obvious [27].



Furthermore, the interaction between two-way FDI is also beginning to be widely recognized. Based on the new open economy macroeconomic framework, Tian and Wang used cross-border panel data to build simultaneous formula models to investigate the interaction relationship between IFDI and OFDI. The results found that there is a significant interaction between IFDI and OFDI, and the higher the national overall income level, the more sustainable the interactive development of the IFDI and OFDI [28]. Based on data on Chinese manufacturing industries and the panel vector autoregressive model, Huang verified the interaction effect of the two-way FDI and the global value chain drive model; the form for the division of labor and the governance model has promoted the interactive development of the two-way FDI [29].



In a nutshell, most of the previous studies have investigated the positive and negative impacts of IFDI on the host country’s environment. Some of them support the ‘pollution-haven’ hypothesis [30,31,32,33], whilst others focus on the ‘pollution-halo’ hypothesis [34,35,36]. In particular, these studies have only focused on the total effects of IFDI on the host country’s environment, and do not discuss the mechanism of IFDI on the environment [33]. Another stream of research has been undertaken on the mechanism investigation [13,15], but such literature has also ignored the possibilities of pollution diffusions across regions because of interregional economic activities.



It is important to note that there is a knowledge gap on the effect of OFDI on the host country’s environment. Although some studies have undertaken effect analysis between OFDI and the environment, further mechanism and spatial correlation characteristics still need to be investigated. Prior research has verified that an interactive mechanism exists between IFDI and OFDI [26,27,29]. Ignoring such interactions provides incomplete results, and these results obtained from a single aspect of IFDI or OFDI cannot provide an informed assessment for policy making.



Considering this evident gap in the literature, the novelty of this paper lies in three aspects. (1) Based on the objective fact of the interactive development of the two-way FDI, IFDI and OFDI are integrated as a measure for representing the level of coupling and coordination development to master the internal interaction mechanism of the two-way FDI. (2) The mechanism of two-way FDI on emissions, and the overall effect of the two-way FDI on carbon emissions, is divided into a scale effect, composition effect, and technique effect. (3) The spatial diffusion characteristics of emissions across regions are examined with the construction of the spatial econometric model, and China’s national and provincial carbon emissions caused by the two-way FDI are measured during 2004–2016 to investigate the impact mechanism of the two-way FDI’s coordinated development on carbon emissions.





3. Theoretical Model


Following the analytical framework of Copeland and Taylor [9], this paper attempts to introduce the coordinated development level of IFDI and OFDI to describe the functioning mechanism on carbon emission effect by the coordinated development of two-way FDI, which sets the theoretical foundation for the empirical analysis presented in this paper.



3.1. Basic Settings


It is assumed that only two products are produced in an economic system: one is a pollution-free clean product, Y, and the other is a contaminated product, X. Carbon emissions E are generated when the product X is produced simultaneously, which leads to a negative externality effect and generates social costs. In the case of clear delimitation for property rights, enterprises pay certain fees for pollution discharge to make up for the negative impact on the environment. These expenses are usually considered environmental taxes, pollution charges, or pollution discharge permission fees. The optimal decision making for an enterprise with the goal of maximizing its profit is such that a part of the production factors is used to reduce the emissions.



This paper assumes that the production function of the product Y is Y=F(KY,LY), where capital K and labor L are factors for the production input, respectively. The potential output of the product X is X=F(KX,LX). The proportion of input used by the enterprise for emission reduction to the total factors is γ∈[0,1]. If γ=0, the enterprise inputs all of the production factors into the production of product X, which means that the enterprise totally disregards emission reduction. If γ∈(0,1), the proportion of all the production factors into emission discharge used by the enterprise is γ, the real output of X is (1−γ)F, and there is a certain amount of carbon emission E, such that:


X=(1−γ)F



(1)






E=ψ(γ)F



(2)






ψ(γ)=(1−γ)1α/A



(3)




where ψ(γ) is the carbon emission function for the enterprise, a decreasing function of γA is production technology, and the parameters are α∈(0,1). The production function of X is obtained by combining Equations (1) to (3):


X=(AE)α[F(KX,LX)]1−α



(4)








3.2. Production Decision Making


Based on Equation (4), when implementing the production decision making, the enterprise should select an appropriate capital to labor ratio according to the interest rate of the external capital price r and the salary of the labor price ω to minimize the cost CF for producing the unit of potential output F. Given the cost CF for producing the unit of potential output F and the carbon emission cost τ, an optimal combination between the potential output F and carbon emission E is selected by the enterprise to minimize the unit cost CX of the production of product X, then:


CF(r,ω)=min{rK+ωL,F(K,L)=1}



(5)








CX(τ,CF)=min{τAE+CFF,(AE)αF1−α=1}



(6)





The optimal first-order conditions of Equations (5) and (6), respectively are:


TRSK, L=(∂F/∂KX)(∂F/∂LX)=r/ω



(7)








(1−α)AE/αF=CF/τ



(8)






3.3. Pollution Discharge Decision Making


Assuming that in a fully competitive market, the profit of the enterprise is zero, and the price of the product X is PX. Then:


PXX=CFF+τ(AE)



(9)







Obtained from Equations (8) and (9):


E=αPXX/τA 



(10)







Further, Equation (10) is transformed as:


E=(PXX+PYY)(ατA)(PXX/PXX+PYY)



(11)







Defining S=PXX+PYY, φX=PXPXX+PYY, Equation (11) is sorted and log-linearized as:


lnE=lnS+lnα+lnφX−lnτ−lnA



(12)







Equation (12) shows that when the enterprise produces product X, its carbon emissions are related to the production scale S, production composition φX, and the production technique A; that is, the carbon emissions are influenced by the scale factor, the composition factor, and the technique factor.




3.4. Impact Mechanism of the Two-Way FDI on Emissions


The impacts of China’s IFDI on domestic environment shows that ① IFDI has expanded the production scale and output level of domestic enterprises in China, while the pollution discharge as derivatives in the production process increased along with the expansion of production scale. Thus, the scale effect of IFDI has a positive effect on China’s pollution discharge. ② The technology spillover effect caused by the IFDI has promoted the technological progress of Chinese enterprises. Technological progress usually is directional in practice, and can be divided into progress tending to production technology and progress tending to emission reduction technology. The former can increase the production scale and thus increase emissions by improving productivity; the latter can reduce emissions by improving emission reduction technology. The direction of technological progress determines the direction of impact on emissions. Thus, the technique effect of IFDI has uncertainty regarding increasing or decreasing the impact of emissions in China. ③ IFDI has led to the adjustment of the production composition of Chinese domestic enterprises. The IFDI has rapidly expanded the relative proportion of the capital elements of enterprise, and thus improved the ratio of capital to labor. The higher ratio of capital to labor in the production means higher technical efficiency, and thus the ratio of capital to labor can also reflect the level of the technical level to a certain extent. In general, capital-intensive production has a higher technology level, and the labor-intensive production technology level is lower [33]. It is worth noting that capital-intensive industries may have cleaner production technology [37] and also carry higher energy consumption and emission demand [18] at the same time. Therefore, the composition effect of the IFDI has uncertainty on the impact of domestic emissions in China.



The impacts of China’s outward FDI on domestic environment represent the following. ① The OFDI of Chinese enterprises can influence emissions by adjusting its production composition. On the one hand, the OFDI of Chinese enterprises can change the proportion of its capital to labor in domestic production, which is similar to the IFDI to change the domestic ratio of capital to labor, inducing uncertainty on the direction of pollution discharge. However, on the other hand, in the process of OFDI, Chinese enterprises can transfer some high-pollution and high-energy-consumption production lines to foreign countries to reduce the domestic emissions. Therefore, the comprehensive effect of two aspects also makes the direction of China’s FDI on domestic emissions uncertain. ② The OFDI of Chinese enterprises can also promote the domestic technological progress through the reverse technology spillover effect, which is consistent with the technology spillover effect of IFDI, and the deviation of the technological progress determines the direction of its impact on emissions. Therefore, the technique effect of Chinese enterprises’ OFDI has the same uncertainty on the impact direction of emissions. ③ Chinese enterprise’ OFDI also contributes to the promotion of the motherland’s economic growth and the expansion of the domestic output scale. Due to the greater proportion of China’s second industry in the national economy in the past decades, the higher economic scale means a higher level of industrialization and more emission generation. Therefore, China’s OFDI has a positive impact on domestic emissions.



Considering the above effects of IFDI and OFDI on emissions and the interaction between the two-way FDI, we incorporate the IFDI and OFDI into a system to investigate the effect of integrated FDI on the economic and social development. Coupling was originally a concept in physics, which means that the phenomenon of synergy is caused by interactions among two or more systems. In other words, coupling refers to a phenomenon in which two or more systems or forms of motion interact with each other through various interactions. The degree of coupling reflects the measurement for such a kind of synergy. To describe the interaction feedback mechanism between IFDI and OFDI, referring to the model of coupling degree in physics [38], the coupling relationship between IFDI and OFDI can be expressed as:


C=2(IFDI×OFDI)/(IFDI+OFDI)



(13)







Due to the difference between IFDI and OFDI and the unbalanced characteristics of the two-way FDI development in each region, lower values of IFDI and OFDI may have a higher degree of coupling. In addition, the coupling degree model can only indicate the existence of interaction between systems, and cannot reflect the level of coupling and coordination between systems. Thus, the degree of coordination is introduced to avoid confusion:


COOR=C×T



(14)




where T=0.5×(IFDI+OFDI). COOR∈[0,1], a large COOR value refers to a high degree of coordination for IFDI and OFDI; conversely, a small value refers to a low level of coordination for both cases. Similar to the impacts of both IFDI and OFDI on enterprises’ emissions through production scale, production technique, and production composition, the coupling coordination system of IFDI and OFDI also influences enterprises’ emissions through the above three aspects.



An increase of domestic research and development (R&D) expenditure enhances the independent innovation ability of enterprises and promotes the progress of enterprise production technology to a certain extent [18]. Thus, the technique effect function can be expressed as:


A=exp(η1COOR+η2RD+u1)



(15)







In addition, factor endowment can influence the production structure of enterprises. Emissions are significantly related to the ratio of capital to labor KL [18]. Therefore, the composition effect function can be expressed as:


φX=exp(ξ1COOR+ξ2KL+u2)



(16)







This paper also assumes that the scale of production is a function of COOR [18], and the scale effect function can be expressed as:


S=exp(ϕCOOR+u3)



(17)







In combination with Equations (14) to (17), Equation (12) can be rewritten as:


lnE=β1lnS+β2lnKL+β3RD+β4COOR+ε



(18)







Equation (18) shows that the impacts of the coordinated development of two-way FDI on the carbon emission is realized by the scale effect, the composition effect, and the technique effect. The total effect depends on the relatively strong and weak relationship among the three effects.



Since domestic R&D expenditure (RD) is an exogenous variable, the coordinated development level of two-way FDI (COOR) derivation is made on both sides of Equation (18) and multiplied by COOR to obtain:


∂E∂COORCOORE=β1∂S∂COORCOORS+β2∂KL∂COORCOORKL+β3COOR+ε



(19)







Also, this paper assumes that there exists an effect relation of the two-way FDI development on the capital–labor ratio (KL): dKL/dCOOR=1. It is assumed that the labor supply is exogenous, and this paper does not consider the effect of the two-way FDI on the intrusion or crowding of the domestic capital. Referring to Sheng and Lyu’s methodology, according to Equation (19), the effect of the two-way FDI development on emissions can be written as [15]:


(∂E/∂COOR)(COOR/E)=eβ1coor⏟Scale effect+β2coor⏟Composition effect+β3COOR⏟Technique effect⏞Total effect



(20)







In Equation (20), coor=COOR/KL, and e=(∂S/∂KL)(KL/S) is the capital output elasticity.





4. Econometric Model, Variable Definitions, and Data Descriptions


4.1. Basic Model and Estimation Method


Carbon emissions, as an externality factor in economic development, can transfer not only through atmosphere diffusions due to a change of natural climate conditions, but also through industrial shifts and element flows in human activities, and generate the phenomenon of spatial transmission. Thus, carbon emissions may have a significant correlation effect in space [39]. The omission of such spatial correlation will necessarily result in an error in the estimation of models and false parameter tests [40]. This paper introduces a special weight matrix, and uses the spatial econometric model to control the possible spatial association.



Then, we expand Equation (18) to construct the econometric model as follows:


lnEit=ρWlnEit+β1lnSit+β2lnKLit+β3lnCOORit+β4Xit+θ1WlnSit+θ2WlnKLit+θ3WlnCOORit+θ4WXit+ui+εit



(21)






εit=λWεit+μit








where W is a spatial weight matrix reflecting the spatial relationship among the units; X is a set of control variables; u represents the individual effect; ε is a random disturbance term; both ρ and θ are the spatial lag coefficients reflecting the space-dependent relation between variables; and λ is the spatial error coefficient reflecting the spatial relation existing in the random disturbance item. If both ρ and θ are equal to zero, Equation (21) is a Spatial Error Model (SEM), which means that the spatial relations are influenced by unobservable factors in different regions; that is to say, the spatial correlation features are reflected in random perturbation terms. If both λ and θ are equal to zero, Equation (21) is a Spatial Lagged Model (SLM), which means that spatial relations come from explained variables between different regions. If λ is equal to zero, Equation (21) is a Spatial Dubin Model (SDM), which means that spatial relationships are not only derived from explained variables between different regions, but also from explanatory variables between different regions. The specific model settings are required to be further inspected.



Due to the spatial lag term WlnEit being included in the model, a mutual causality between the dependent and independent variables exists, which leads to endogeneity problems. So, the OLS, fixed effects, and random effects estimators have a large probability to be biased. However, Arellano and Bond presented a differential generalized method of moments (DIFF-GMM) estimation [41] that can solve those problems effectively. The authors suggest using the lagging term of endogenous explanatory variable as the instrumental variable of difference term to control the endogeneity. Therefore, this paper chooses the difference GMM to estimate Equation (20). As a consistent estimate, GMM requires instrumental variables to be strictly exogenous and highly correlated with endogenous variables, and there is no autocorrelation in the disturbance term. These require the Hansen or Sargan instrumental variable tests and the Arellano–Bond autocorrelation test [42].




4.2. Construction of Spatial Weight Matrix


The common spatial weight matrices include the 0–1 adjacent weight matrix, the geographic distance weight matrix, and the economic distance weight matrix. We consider that the 0–1 neighboring weight matrix does not reflect the spatial connections between individuals that are geographically adjacent, but not bordering. Although the geographic distance weight matrix or the economic distance weight matrix respectively reflect the relationship between individuals regarding geospatial and economic behavior, the spatial correlation between actual regions may not only come from one aspect of geography or economy. Therefore, this paper adopts a nested form of geographic distance and economic distance, which not only takes the spatial influence of the geographical distance into account, but also reflects the objective fact of economic factor overflow in the interregions [43].



This paper sets the spatial weight matrix as:


W=σWeco+(1−σ)Wdis



(22)




where 0<σ<1 represents the proportion of the economic distance space weight to the geographical distance space weight. This paper chooses σ=0.5. Weco is the economic distance weight matrix with the definition as:


Weco={1/|gdpij|    (i≠j)     0       (i=j)



(23)







In Equation (23), |gdpij| is the economic distance between two regions, the difference of two regions’ per capita GDP is used as a |gdpij|  proxy in this paper, and Wdis is the geographic distance weight defined as:


Wdis={1/dij      (i≠j)  0        (i=j)



(24)




where dij is the geographical distance between two provinces’ capital cities.



In addition, the global spatial autocorrelation tests are carried out for China’s carbon emissions using Moran’s I, and its scatter diagram describes the overall spatial relationship among all the units within the study’s scope. Moran’s I is a measure of the spatial autocorrelation developed by Pratrick Alfred Pierce Moran [44], reflecting the correlation between the observed value and the spatial lagging term; that is, the certain property value in one region is related to the same attribute value in a nearby region [45]. Moran’s I is defined as:


I=n∑i∑jwij·∑i∑jwij(xi−x¯)(xj−x¯)∑i(xi−x¯)2



(25)




where wij is the element of the spatial weight matrix. Moran’s I ∈ [−1, 1]; if the value of Moran’s I is greater than zero, it means that there is a positive spatial correlation, and vice versa.




4.3. Definitions of Variables


The factors affecting carbon emissions are complicated. In this study, we study the effects at the provincial level, because regional differences between provinces is an important issue that can’t be ignored. To this end, in this paper, the variables with regional difference characteristics are selected as far as possible to describe the regional heterogeneity and to avoid the bias error caused by the model estimation due to missing variables. The specific variables are defined as follows:



1. Explained variables: carbon emissions (E)



The carbon emission data from 30 provinces, municipalities directly under the central government, and the autonomous regions are from the China Emission Accounts and Datasets (CEADs) [46,47]. It refers to the emissions generated in the process of combustion for 17 kinds of fossil fuels and cement production. CH4, N20, and other greenhouse gases are not included. The latest carbon emission data currently published by the database is only to 2015. This paper uses the quadratic exponential smoothing algorithm and China’s provincial carbon emission data from 2004 to 2015 to estimate the missing data for 2016. The carbon emissions in Chinese provinces show an obvious agglomeration phenomenon (Figure 2). Inner Mongolia, Shanxi, Henan, Hebei, Shandong, Liaoning, and Jiangsu were the highest carbon-emitting provinces in 2004, while Xinjiang, Gansu, Yunnan, and Guangxi were the lowest. Similarly, in 2015, Inner Mongolia, Shanxi, Henan, Hebei, Shandong, Liaoning, and Jiangsu were still the highest carbon-emitting provinces, while Yunnan, Guangxi, Guizhou, Chongqing, Jiangxi, and Fujian were the lowest ones, indicating that the carbon emissions in Chinese provinces show relatively stable gathering characteristics.



2. Core explanatory variable: coordinated development level of two-way FDI (COOR)



This paper selects the actually utilized value of foreign direct investment by each province and the overseas direct investment of each province to measure the flow of inward FDI and OFDI, respectively. The coordinated development levels of IFDI and OFDI are calculated by Equations (13) and (14), with ① COOR∈(0,0.4] usually being considered as low-degree coupling coordination; ② COOR∈(0.4,0.5] being considered moderate coupling coordination; ③ COOR∈(0.5,0.8] being considered high-degree coupling coordination; ④ COOR∈(0.8,1] being considered extreme coupling coordination. In Figure 3, the vertical coordinate representing the coupling coordination level shows an imbalance phenomenon among regions for the coordinated development of China’s two-way FDI: the eastern regions of the two-way FDI’s coupling coordination level rank the highest, the central regions are in the middle, and the western regions are the lowest.



3. Other control variables



Output scale (S): Carbon emissions, as derivatives from the production process, are directly linked to the scale of an economy’s output. Carbon emissions in the production process will also increase with the expansion of the output scale. The gross domestic product (GDP) of each province in this paper is selected as the proxy variable of the output scale. The real GDP is obtained using the GDP index for converting GDP at the current price into the constant price at the base year of 2004.



Environmental regulation intensity (REGU): In general, the greater the government’s investment in environmental pollution control, the stricter the punishment for pollution discharge against rules; the pollution discharge can be controlled to a certain extent to improve the environmental quality. This paper uses the proportion of investment value for environmental pollution control to provincial GDP as a proxy variable for environmental regulation intensity.



Capital–labor ratio (KL): This paper uses the ratio of fixed capital stock to the annual average employees in each province to measure the input composition of production factors for enterprises, where fixed capital stock is obtained using the perpetual inventory method for the base year 2004 with the depreciation rate of 9.6% taken from Zhang et al. (2004) [48].



Industrial structure (ISS): The industrialization promotion will generate more emissions. At the early stage of economic development, extensive economic growth has a negative impact on the environment, the mode of economic growth will transfer into the intensive type with the economic development to a certain extent. In this paper, the proportion that the value of the second industry added to the GDP of each province is selected as the proxy variable for the industrial structure.



R&D expenditure (RD): The impact of R&D expenditure on technological progress is directional, and thus, the impact on the environment is also uncertain. R&D expenditure includes investment in the research and development of more advanced environmental technologies and cleaning equipment, and also to increase productivity and production output. The proportion of the R&D expenditure to the GDP of each province in this paper is selected as the proxy variable for R&D investment.




4.4. Data Sources


This paper covers 30 provinces, autonomous regions, and municipalities directly under the central government (excluding Tibet) in the Chinese mainland and the period between 2004–2016. Table 1 shows the main data sources and related explanations. Table 2 presents the descriptive statistics of variables. Variables in absolute terms are transferred into logarithmic values to eliminate the differences in order of magnitudes.





5. Empirical Results and Discussion


5.1. Spatial Correlation Test of Carbon Emissions


This paper implements the spatial autocorrelation Moran’s I test for provincial carbon emission levels. Table 3 shows that the Moran’s I is 0.688, representing that the test is significant at the 1% significance level. This indicates that provincial carbon emissions have a significant spatial correlation characteristic.



Figure 4 further shows that most of the provinces are in quadrants I and III, which indicates that carbon emissions have a high positive correlation among 30 Chinese provinces. This also demonstrates that China’s carbon emissions present the “high–high” and the “low–low” agglomeration phenomenon.



The horizontal axis represents the carbon emissions level after logarithmetics and the vertical axis is the spatial lagging value of carbon emissions. Each quadrant represents a different spatial autocorrelation type. Quadrant I and quadrant III represent the “high–high” and “low–low” positive correlations, respectively; quadrant II and quadrant IV represent the “low–high” and “high–low” negative correlations, respectively.




5.2. Results of Model Estimations


A series of tests in this paper are carried out to select an appropriate econometric model. Both the Lagrange multiplier (LM) test and the robust LM test of the spatial lag model significantly reject the null hypothesis that there does not exist spatial autocorrelation, while the robust LM test of the spatial error model cannot reject the null hypothesis (Table 4). This indicates that the spatial lag model is applicable to the data employed in this paper, and the spatial lag model is used in this paper. The estimation results of Equation (20) are shown in Table 5. The key estimation results of two-step differential GMM are given in models 3 to 5. In comparison, models 1 and model 2 represent the estimation results of the fixed effect and the random effect, respectively.



5.2.1. Results of One-Way FDI Models


Models 4 and 5 focus on the effects of IFDI and OFDI on provincial emissions in China, respectively. The various tests of models 4 and 5 are good. Second-order autocorrelations of random disturbance term of the difference equations do not exist. Both the Hansen test and the Sargan test show that the tool variable is effective.



The impact of IFDI on China’s carbon emissions is negative (Model 4), showing that the introduction of foreign investment has a significant inhibiting effect on China’s carbon emissions and can effectively improve the environmental quality of China. This is mainly because foreign capital brings the advanced emission reduction technology, and cleaner production factors directly or indirectly (mainly refer to the overflow between the enterprises) have a stronger inhibiting effect on carbon emissions than the transfer on high-pollution and high-energy consumption.



Model 5 shows that China’s overseas direct investment has a significantly positive impact on domestic carbon emissions, i.e., China’s OFDI leads to an increase in domestic carbon emissions. China’s overseas direct investment is mainly concentrated in the leasing and business service sector. This cannot transfer the domestic high pollution and high energy-consumption industries, and the reverse technology overflow has a limited promotion effect on the domestic emission reduction technology. Additionally, the economic growth effect brought by overseas direct investment has also expanded the scale of domestic industrial output, leading to more carbon emissions. In summary, China’s OFDI has intensified domestic carbon emissions.




5.2.2. Results of the Two-Way FDI Model


Model 3 is a two-step differential GMM estimation of Equation (20), namely the reference model, to examine the effect of China’s two-way FDI coordinated development on domestic carbon emissions. The Arellano–Bond test cannot reject the null hypothesis that the second-order serial correlation does not exist for Model 3, and both the Hansen test and the Saran test also cannot reject the null hypothesis that the tool variable is effective. These interpretations indicate that the estimation result of the differential GMM is reliable. Compared with the estimation results of Model 1 and Model 2, the significance of the spatial lag term of the explained variable in Model 3 is improved, and the signs and significance of the core explanatory variable COOR and the vast majority of the control variables are not changed. This shows that the results of Model 3 estimated by differential GMM are better and robust.



The spatial lag term WlnE of the explained variable in Model 3 is significantly positive at the level of 1%, which also demonstrates that there is an obvious spatial correlation among the provincial carbon emissions in China. Under the influence of socioeconomic activities, carbon emissions in one region will be affected by the carbon emissions in adjacent regions. Carbon emission increases in adjacent regions will result in an increase in local carbon emissions. Therefore, the interregional joint prevention and joint control strategy should be adopted for the reduction of regional emissions. Insufficient coordinated environment control behaviors among the local governments will inevitably result in a nearby transfer effect of carbon emissions [49].



The coefficient of the core explanatory variable COOR in Model 3 is significantly negative, indicating that the coordinated development of China’s two-way FDI acts as a catalyst for reducing domestic carbon emissions and has an obvious emission reduction effect. This also demonstrates the theoretical analysis in this paper that IFDI and OFDI have a certain substitution effect in the process of influencing carbon emissions, and the interaction of both of them has an inhibitory effect on carbon emissions. When both the inward FDI and outward FDI exist simultaneously, the increase of the two-way FDI coupling coordination level will lead to a significant reduction of carbon emissions. This means that China should adhere to both strategies of “introduction of foreign investment” and “investment in foreign countries” to promote the benign interaction of the two-way FDI and play the emission reduction effect of the two-way FDI.




5.2.3. Results of Control Variables


Environmental regulation has a positive but obscure effect on carbon emissions. This indicates that government investment on environmental pollution control at all levels is not effective in achieving the reduction of emissions; instead, it has the potential to increase carbon emissions. This also shows that the implementation of environmental regulation is ineffective to some extent, which is consistent with results of Liu et al.’s work [20].



The effect of the capital–labor ratio on carbon emissions is significantly negative, which is consistent with the conclusion of Zhou et al. [33]. The capital–labor ratio reflects the basic resource allocation in the production, and the composition of its change mainly depends on the technical conditions of production. The capital–labor ratio rise usually represents that the production composition transfers from a labor-intensive type to a capital-intensive one. The results of this paper show that the suppression effect of advanced energy-saving and emission-reduction technology on the transformation of enterprises’ production from labor-intensive to capital-intensive is larger than that of the carbon emissions generated from energy combustion. Thus, the integrated effects of the capital-to-labor ratio on emissions show suppression.



The output scale has a significantly positive impact on carbon emissions. The expansion of the output scale increases carbon emissions. From the production perspective: carbon emission, as a subsidiary of the production process, will inevitably increase with the expansion of the output scale.



R&D expenditure has a significantly negative effect on carbon emissions, showing an inhibiting role. R&D expenditure can be invested in technology for production or emissions reduction. Similar to the direction of technological progress, the investment direction of R&D expenditure determines the direction of the environment impacts. The result in this paper indicates that more R&D expenditure is used for the development of energy-saving and emission-reduction technology. The positive effect of industrial structure on carbon emissions shows that the proportional rise of value added from the second industry accounting for GDP will induce carbon emission increases. It is easy to understand that the second industry includes most industries with high energy consumption and high pollution such as mining, manufacturing, and construction. The higher the proportion of the second industry in the national economy, the greater the energy consumption and carbon emissions. This shows that the new industrialization road featuring the coordinated development between the economy and the ecological environment has not yet been completed in China.



Comparing models 3 to 5, a useful conclusion could be that under the coexisting strategies of China’s IFDI and OFDI, only the realization of coordinated development of the two-way FDI can inhibit the excessively high domestic carbon emissions. This also proves that the development of the two-way FDI is the key contributor to achieve emission reduction for the globalization and the cross-border capital flow.





5.3. Effect Decomposition of the Two-Way FDI on Carbon Emissions


The effect decomposition of the coordinated development of the two-way FDI on carbon emissions is implemented based on Model 3, and the decomposed results are shown in Table 6. β1, β2, and β3 of Equation (19) are estimated by the difference GMM method for Equation (20) in Table 5, i.e., β1=0.744, β2=−0.502 and β3=−0.907. The elasticity of the capital output used in this paper is  e=0.6 [15].



5.3.1. Results of Effect Decomposition at the Total Level


Table 6 shows that the scale effect of the two-way FDI in the sample period is positive, while both the composition effect and the technique effect are negative, and the total effect is dominated by the technique effect. Taking 2016 as an example, each 1% rise of the two-way FDI development level will lead to a reduction in the carbon emissions by about 0.32%, of which the scale effect will result in an increase of 0.0145% of the carbon emissions, while the composition and technique effects will reduce the carbon emissions by 0.0163% and 0.3182%, respectively. Obviously, the two-way FDI development plays a leading role in the superposition of the composition effect and the technique effect. This is the main cause that the coordinated development of China’s two-way FDI produces the inhibition function on carbon emissions, while it is the dominant source of the technique effect. Further information can be obtained from Table 6.



1. Scale effect



The coordinated development of the two-way FDI has a positive scale effect on carbon emissions, which proves the theoretical analysis of this paper: both OFDI and OFDI intensify the emissions through the scale effect. Both of China’s policies—the introduction of foreign investment and overseas direct investment—have contributed to economic growth, leading to more carbon emissions. The Environmental Kuznets Curve hypothesis states that economic growth and environmental pollution shows the “inverted U-shape” relation; that is, environment deterioration rises as economic growth increases, but then an inflection point is reached, leading to the alleviation of environmental deterioration [50,51].



A number of studies have demonstrated that the Environmental Kuznets Curve hypothesis is not true in China [52,53,54,55,56,57,58], or China at the current economic development stage is only on the left side of the “inverted U-shaped” curve, and the inflection point of “unhooking” between environmental deterioration and economic growth has not yet come [59]. In addition, the Chinese energy structure and industrial structure have determined that its development heavily relies on energy consumption and inevitably leads to an increase in carbon emissions. Therefore, under the superposition of two positive scale effects, the scale effect of the two-way FDI increases carbon emissions in China.



2. Composition effect



The two-way FDI development shows a negative composition effect on carbon emissions. The entry of FDI has increased the natural endowment of China’s domestic capital factors to change the domestic production composition, which will result in an increase in the output scale of capital-intensive products in China, and the output scale of other products will thus be reduced according to the Rybczynski Theorem [60]. The carbon emissions from higher-level capital-intensive industries are much less, and contribute to the overall reduction of carbon emissions in China. The first three destination industries of China’s OFDI composition are services —leasing and business service, financial services, and wholesale and retail—that cannot directly transfer domestic emissions. However, the outflow of funds makes it possible for enterprises to carry out domestic labor-intensive production, which becomes a potential factor in the expansion of domestic carbon emissions. The composition effect of the IFDI exceeds that of OFDI on carbon emissions. The integrated structure effect of the two-way FDI development shows an inhibitory effect on carbon emissions.



3. Technique effect



The coordinated development of the two-way FDI produces a negative technique effect on China’s carbon emissions. IFDI directly reduces the carbon emissions by introducing more advanced energy-efficient technologies and cleaner production resources. Both the IFDI “spillover effect” and the OFDI “reverse spillover effect” promote the imitative learning and independent innovations of domestic enterprises through the channels of “competitive effect” and “demonstration effect”, and in doing so realize technical progress. This has led to the improvement of energy-saving technology and the input of cleaner resources in the production process, which have obvious effects on reducing carbon emissions.



Based on the results of this paper, the technological progress brought by the coordinated development of the two-way FDI is inclined to the energy-saving and emission-reduction technology rather than production technology. This shows that the technique effect of the two-way FDI is able to significantly inhibit carbon emissions. Furthermore, the technique effect brought by two-way FDI far exceeds the scale and the composition effect, indicating that the emission direction of the two-way FDI development is consistent with that of the technique effect. In a nutshell, the overall effect of the two-way FDI development on carbon emissions is significantly inhibited.




5.3.2. Results of Effect Decomposition at the Regional Level


The carbon emission effect of the two-way FDI coordinated development of the eastern, central, and western regions is further decomposed (Figure 5). Among the three grand regions, the technique effect dominates the total of the two-way FDI on carbon emissions, while both the scale effect and the composition effect play limited roles. This is the main reason for the two-way FDI producing the inhibition function as a whole on carbon emissions in China.



An interesting phenomenon is shown in this paper. Three grand regions show different technique effect intensities of the two-way FDI coordinated development on emissions. The eastern region ranks first, the central region follows, and the western region is the weakest, which is consistent with the regions’ coupling coordination level of the two-way FDI. This to some extent indicates that the coupling coordination level is a key factor in influencing the technique effect of the two-way FDI. The higher the two-way FDI coupling coordination level, the better the IFDI and OFDI interact. The technique effect of the two-way FDI has been better played, i.e., the two-way FDI coupling coordination level is positively correlated to its technique effect.



The reason that the technique effect of the two-way FDI coordinated development in the three regions is different is mainly related to the regional economic development level. The western region attracts a large number of foreign investments into its labor-intensive industries, relying on the comparative advantage of its own low-cost labor force to improve economic competitiveness. It is undeniable that the entry of FDI has promoted industrialization and driven the rapid development of the western economy. However, the production technology of labor-intensive products is relatively lower than that of capital-intensive ones, limiting the technical effect of FDI. Additionally, the overall backward economic and technical level of the western region cannot effectively absorb the advanced technology and management experience brought by IFDI and OFDI. Therefore, the technique effect of two-way FDI in the western region cannot be fully shown.



The technique effect intensity of the two-way FDI in the eastern region is the largest, and the emission reduction effect in this region is also the most obvious. This is mainly because the economic development level in the eastern region is much higher than that in the other regions, and has a strong absorption capacity for the advanced technology. The central region has a relatively better economic development level and element endowment compared to the western region, and is also closer to the developed eastern regions in terms of the geographical location. Also, it has a higher coupling coordinated level of two-way FDI than the western region. These makes the emission reduction effect of two-way FDI in the central region stronger than that in the western region.





5.4. Robustness Test


The spatial lagging term of the explained variable is introduced into the econometric model of this paper, enabling the model to be a typically spatial lagging model. However, the estimation of the spatial econometric model is deeply affected by the selection of spatial weight matrices. Thus, it is necessary to carry out the robustness test for different spatial weight matrices.



This paper uses the geographic distance, the economic distancem and the 0–1 adjacency matrix as the spatial weight matrices, respectively, to estimate the spatial lagging model based on the difference GMM method. The test results in Table 7 show that the sign direction and significance of the estimation coefficients of the core explanatory variable (COOR) do not change under three kinds of weight matrices. The sign directions and the significance of the most explanatory variables are also consistent with the results of Table 5. These indicate that the estimation results in this paper are reliable.





6. Discussion and Policy Implications


6.1. Discussion


Under the background of paying equal attention to the “introduction of foreign investment and investment in foreign countries”, based on the analysis framework of Copeland and Taylor, this paper examines effects of China’s spatial spillover and two-way FDI coordinated development on domestic carbon emissions, which is realized through three channels: the scale, composition, and technique effects.



Carbon emissions in China have a significant spatial spillover effect and remarkable spatial agglomeration phenomenon among provinces. This result coincides with the existing studies using spatial econometric models [39,61,62,63], which indicates that the spatial correlation characteristics of environmental pollution are in existence. If researchers and policy makers ignore these linkages, it will likely lead to unreliable results, and subsequently incorrect policy guidance.



The two-way FDI coordinated development has a significant effect on emission reduction. Previous studies only focused on the effects of IFDI or OFDI on the environment [21,33]; however, this study is the first to conclude that the findings agree with China’s strategy of IFDI and OFDI coordinated development and guidance for China’s emission reduction, and thus the sustainable development goal of opening up and environmental protection can be integrated effectively.



We found that the two-way FDI coordinated development has a positive scale effect on the carbon effect, which is consistent with existing studies that the scale effect can increase emissions [13,14,15]. The composition effect, which has a negative effect on emissions, is different from previous studies, which considered that capital-intensive production will increase emissions, [18,64]; however, it supports that a higher capital-to-labor ratio implies a more advanced technology level [33], which will help reduce emissions. The key driver of the emission reduction effect is due to the leading role of the technique effect, which has far exceeded the scale and the composition effect. Therefore, the total effect of the two-way FDI on carbon emissions is consistent with the direction of the technique effect.




6.2. Policy Implications


This research not only provides useful guidance for policy makers to effectively control emissions by implementing economic means, but also provides a practical example for countries that are undergoing a similar development stage to China.



The regional emissions have a significant positive correlation at a spatial level. This indicates that the carbon emissions produced in one area not only affect the local ecological environment, but also probably diffuse toward the surrounding areas due to industrial transfers, factor mobility, and interregional trade. Thus, environmental governance should focus on strengthening the coordination and cooperation between local governments. Any unilateral governance behaviors can only generate limited effects on the local environment. The interregional joint-prevention and joint-control strategies should be adopted to effectively resist the diffusion of emissions and emission leakages. For example, the carbon emission trading system can be applied to interregional industries to reduce the diffusion and leakages among regions.



The two-way FDI coordinated development has a significant effect on emission reduction, which implies that the effective coordination of the process of introducing foreign investment and overseas investment can help mitigate carbon emissions. We have elaborated the interactive mechanism of IFDI and OFDI in the theoretical part of this paper, and empirical studies have already verified that IFDI can drive OFDI [26], and OFDI can promote IFDI in turn [27]. Previous studies primarily use only IFDI or OFDI to show how governments’ decisions can maximize the performance of their resources and the environment [33], whereas this paper provides a new perspective to merge IFDI and OFDI to form an interactive mechanism to achieve emission reduction. We present results that can used for informing policy making, in particular for promoting the coordination of IFDI and OFDI for achieving the aim of emissions reduction and pollution regulation. In the current governmental system, IFDI and OFDI-related institutes include the National Development and Reform Commission, the Ministry of Commerce, China Customs, etc. The institutes have a different role to play in foreign investment, because of their specific responsibilities. When making policies, cooperative mechanisms among the decision institutes could be a way of enhancing their connections to promote the coordination of IFDI and OFDI and to play a more active role in the reduction of carbon emissions.



The two-way FDI coordinated development results have shown that the leading emission reduction pathway should be focused on the technique effect. This reminds us that during the development of two-way FDI, attention should be directed toward improving the quality of FDI. During expansion of the size of the two-way FDI, it is of utmost importance to identify two-way FDI with cleaner technologies and bring IFDI’s technology diffusion and OFDI’s inverse diffusion. On the one hand, IFDI can introduce advanced and cleaner production technologies and produce green technological diffusing effects in upstream and downstream industries in local and interregions to help improve China’s environmental quality. Thus, local governments should pay attention to environmentally-friendly FDI, for enhancing the requirements of China’s market access, and bringing IFDI into the full play of technical advantages on emission reduction and spillover effect. On the other hand, the technology-seeking OFDI scale should be further enlarged to achieve reverse technical diffusion and drive China’s manufacturing industries’ promotion with cleaner technologies. In addition, OFDI should merge with China’s industrial structure upgrade and strengthen international industries’ coordination by the Belt and Road Initiative to promote domestic industry transfers to developing countries. During this process, environmental pollution in destination countries caused by intermediate input from domestic industries should also be resolved using the same cleaner technology of production.
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Figure 1. Total carbon emissions and size of the two-way Foreign Direct Investment (FDI) in China. Data sources: China Statistical Yearbooks and China Emission Accounts and Datasets (CEADs). 
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Figure 2. Comparison of spatial distribution of carbon emissions in China between 2004–2015. 
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Figure 3. Coordinated development level of the two-way FDI in China during 2004–2016. 
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Figure 4. Moran’s I scatter diagram of provincial carbon emissions in China for 