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There has been renewed interest in assessing the pilot scheme for compiling the natural resources capitalization (NRC). A growing body of evidence highlights the good effects that the policy of NRC has on the construction of ecological civilization. No known empirical research has focused on exploring relationships between the policy of NRC and carbon emissions reduction. This paper employs the NRC as the ecological civilization policy to investigate whether the implementation of NRC has contributed to the carbon emissions reduction with a difference-in-differences (DID) method. The results showed that different variables of carbon emissions in four pilot cities can be effectively affected by the implementation of NRC. There were significant negative correlations between the carbon emissions per GDP (Gross Domestic Product) and the policy for Hulun Buir, Huzhou and Loudi cities, and a significant increase of carbon sequestration was found in Yan’an city. This research provides a timely and necessary study that the NRC policy could be a contributing factor to carbon emissions reduction. As a result of these investigations, suggestions were identified for future research. Further research should be undertaken to investigate the collaborative effects of multi-policies on environmental issues.
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INTRODUCTION
Global climate change has become one of the biggest challenges to human development and poses a major threat to human society, which has attracted considerable attention, both scholarly and socially (Thomas et al., 2004; Davidson and Janssens, 2006; Meng et al., 2018). According to the report of the Intergovernmental Panel on Climate Change (IPCC) in October 2018, the world must control global warming within 1.5°C to avoid extreme climate disasters (IPCC, 2018). Only when the whole world achieves net-zero emission of greenhouse gases in the middle of the 21st century, can this goal be achieved (Yao et al., 2021). At present, more than 120 countries and regions around the world have put forward the goal of carbon neutrality. And among which, 60 countries have promised to achieve zero carbon emissions by 2050 or even earlier based on the report of the Secretariat of the United Nations Framework Convention on Climate Change (UNFCCC) in 2019 (UNFCCC, 2019). China is the largest total carbon emitter in 2020 currently, accounting for 32% of the world (IEA, 2020). With China’s rising carbon emissions in the world, both the carbon emission reduction pressure and responsibility are greater (Onyango et al., 2019). In 2015, China submitted its National Subsidy Contribution (NDC), promising to reduce CO2 emissions per unit GDP by 60–65% compared with 2005 by 2030, and formally signed the Paris Agreement in 2016 (UNFCCC, 2016). At the general debate of the 75th session of the United Nations General Assembly on 22 September 2020, China made it clear that its carbon dioxide emissions will reach the peak before 2030 and strive to achieve carbon neutrality before 2060 (UN, 2020). On 18 December 2020, at the Central Economic Work Conference, carbon neutrality was listed as one of the eight key tasks of the country in 2021.
The issue of carbon neutrality, an important concept in the study of climate change, has received considerable critical attention (Zanchi et al., 2012; Ji et al., 2014). It is a systematic process that requires the cooperation of multiple departments to achieve this goal (Yue et al., 2021; Zhang et al., 2021). Recent research has reported that setting emission reduction targets is substantially delineating the boundaries of natural capital (or carbon assets) (Zhou et al., 2021). China’s “14th Five-Year Plan”, starting from 2021, allocates the national emission reduction target to various provinces and cities, where key carbon emission enterprises are deeply involved. A number of policies in China have been developed to achieve the peak carbon dioxide emissions and carbon neutralization (Wen et al., 2020; Soregaroli et al., 2021). One of the most important policies was capitalization of natural resources (NRC) (Fan et al., 2020). However, what remains unknown is how such policy and practice affect the carbon emissions. From an economic perspective, this is a process of defining property rights. The capitalization of natural resources is the basis for the definition of natural capital property rights. Therefore, in theory, the preparation of the capitalization of natural resources (NRC) is beneficial to the realization of carbon neutrality, but no known empirical research has focused on exploring relationships between pilot schemes for compiling capitalization of natural resources and carbon emissions.
In 2015, the General Office of the State Council issued the pilot scheme for compiling capitalization of natural resources, clearly pointed out that the pilot work should be carried out in Hulun Buir City of Inner Mongolia, Huzhou City of Zhejiang Province, Loudi City of Hunan Province, Chishui City of Guizhou Province and Yan’an City of Shaanxi Province (MNR, 2015). Natural resources capitalization is fundamental to promoting the effective use of natural resources and the construction of ecological civilization in China (Zhang et al., 2019b; Song et al., 2020a). There has been extensive research on the accounting of water resources, forest resources, land resources and other natural resources assets (Zhang et al., 2019a; Zhu et al., 2021). For example, the mining of mineral resources plays a key role in carbon emissions growth (Wang et al., 2017), and the capitalization of land resources has brought favorable changes in environmental loads, ecosystem services and growth models in several districts and counties (Fan et al., 2020; Fan et al., 2021). Recent research suggests that there is a positive relationship between natural resources management policy and environmental quality (Kurniawan et al., 2021). Therefore, questions have been raised about whether the NRC can achieve a win-win situation of eco-environmental protection and low-carbon emission reduction. The year 2015 can be regarded as the time point for the implementation of the scheme in China, which is a top-down process and lays a foundation for considering NRC as a “quasi-natural experiment”, enabling us to apply a difference-in-differences (DID) identification strategy. This study will combine panel data to compare the changes in low-carbon emission reduction in pilot cities before and after the implementation of NRC. Further description of this method will be introduced in Section 2.2.
What we know about carbon neutrality is derived from research by Schlamadinger, which explores whether it is true carbon neutral in the whole life cycle when biomass energy replaces fossil fuels (Marland and Schlamadinger, 1997). Recently, considerable literature has grown up around the theme of carbon emissions. A key aspect of this field is CO2 emission reduction technologies, including CO2 capture and storage (CCS) (Xu et al., 2021), carbon sink (Pan et al., 2011), biochar (Papageorgiou et al., 2021; Wang et al., 2021) and carbon sequestration (Marland and Schlamadinger, 1997; Lal, 2004; Laudicina et al., 2021). There has also been a surge of interest in the effects of these numerous techniques (Bonan, 2008; Fuhrman et al., 2020). What’s more, existing research recognizes the critical role played by the market that includes carbon tax (Soregaroli et al., 2021; Zhang et al., 2021) and carbon emissions trading scheme (Wang et al., 2019). Recent evidence suggests that there is a positive relationship between China’s carbon emissions trading scheme (ETS) and companies’ stock returns (Wen et al., 2020). Also, it has been observed that ETS could be a contributing factor to energy conservation and emission reduction (Zhou et al., 2019; Sun et al., 2020). To date, factors found to be influencing carbon emissions have been explored in several studies (Gao et al., 2020; Nie et al., 2020; Yi et al., 2020; Hao et al., 2021; Ling et al., 2021). An investigation regarding the Yangtze River Delta has examined that industrial transformation gradually dominated by the service and advanced manufacturing sectors are thought to contribute to slow growth in CO2 emissions (Zhang S. et al., 2019). One study by Yang and Wang (2020) examined the effect of population aging on carbon emissions, and found that population aging has a negative coefficient on carbon emissions. In a study conducted by Lin and Zhu (2019), it was shown that renewable energy technological innovation (RETI) had a significant effect on CO2 emissions. Hong et al. (2021) found that the low-carbon city pilot policy can effectively reduce the energy intensity. Emissions in cities were shown to vary in response to different local public expenditure, local public expenditure scale and public environmental expenditure (Cheng et al., 2021). Although there are several reports in the literature on carbon emissions and related factors over the past decade, few studies have been able to consider the important role played by NRC. This study provides a timely and necessary study of this policy and its effect on carbon emissions.
Theoretically, the impact of NRC on carbon emissions may exist in three different aspects. First of all, according to the Porter Hypothesis, environmental policies and regulations could stimulate technological innovation (Hu et al., 2020; Du et al., 2021). Specifically, the compliance pressure of NRC could motivate the pilot cities to increase investment in innovation and to improve technological progress, which may propel the improvement of the efficiency of resource and energy use with less greenhouse gas emission or more advanced carbon capture and storage technologies. Also, NRC could encourage key firms to improve the allocation of input factors, protect resources, and then promote eco-environmental protection and low-carbon production (Yang et al., 2017; Song et al., 2020b). For example, when natural resources such as forests have been priced, the exploitation cost for the enterprises will rise accordingly, this can relieve the depletion of natural wealth and urge the enterprises to promote their green productivities based on existing resources (Ogilvy, 2015; Sokil, 2018). These measures can indirectly affect the energy structure and industrial structure and finally achieve emission reduction targets. What’s more, a key measure of NRC policy is compiling the natural resources balance sheet (NRBS) to intake the resources like land, forest and water into national assets, requiring the local to preserve them from devaluation and to make their value increase as far as possible, this may enable the expansion of the green plants and the carbon sequestration will increase since then (Song et al., 2019). As a consequence, the role played by NRC on climatic effects, with its influencing mechanism, is worth detecting.
On the basis of a batch of NRC pilot Chinese cities selected in 2015, the primary aim of this paper is to explore the relationship between NRC and carbon emissions, and a further interpretation of heterogeneous results will be discussed if the pilot cities showed differential results. In the pages that follow, the remaining issues will be addressed. Section 2 introduces the study area, data, and the economic model employed for this study. The third part seeks to analyze the data gathered and addresses each of the research questions in turn. And the fourth section of this paper is concerned with discussion undertaken upon the various theoretical and empirical strands of the thesis. The final part draws together the key findings, making the implication of the findings to future research.
DATA AND METHOD
Study Area and Data
Data were gathered from multiple sources, including annual China City Statistical Yearbooks (CCSY) from 2004 to 2017, China Environmental Statistics Database (CESD) and published literature. The CCSY are informative publications published by the National Bureau of Statistics of the People’s Republic of China, which comprehensively reflects the economic and social development of Chinese cities. There has been substantial research undertaken with the support of data from CCSY (Wang et al., 2019; Song et al., 2020b). The county-level CO2 emissions and sequestration data in China during 2004–2017 were open data offered by Chen et al. (2020). It has been filled for partial missing data through forward and backward interpolation.
Balancing the growing demand and climate change is a key motivating factor for enacting the NRC in China, where the corresponding measurement index can be embodied with the following variables: CO2 emission per unit GDP, CO2 emission per capita and carbon sequestration amount. In summary, Figure 1 provides a possible mechanism of action for NRC in the climatic environment.
[image: Figure 1]FIGURE 1 | Flowchart of NRC implementation analysis1.
The key point of NRC is the capitalization of natural resources including land, forest, water, etc. As Figure 1 shows, the NRC policy requires the pilot cities to conduct the natural capitals accounting and to charge for the exploitation of the natural resources. This obligates the pilot cities to develop more elaborate and rational industrial and civilian use of natural resources, including transiting fossil energy to cleaner energy, afforesting marginal farmland, popularizing energy-saving equipment in buildings, and subsidizing electric vehicles. During this resource-protecting and energy-saving process, three positive results may come into being: CO2 reduction per capita, CO2 reduction per unit GDP, and promotion of carbon sequestration.
Some basic city-relevant information was obtained from the CCSY. Of our interest, we get the data of GDP and population. And the CESD provides carbon emissions of different cities. In particular, the treatment group analyzed in this study contains pilot regions except for Chishui as it is a county rather than a city of others. Thus, the implementation of the NRC policy on carbon emissions could be shown in Figure 2.
[image: Figure 2]FIGURE 2 | Spatial distribution of NRC policy pilot areas in China.
With respect to the control group, a number of criteria were considered when selecting the control cities as follows. First, those cities included in the control group should not be under the pilot scheme of NRC. Then, the cities in both the treatment group and control group should have homogeneous features that affect carbon emissions other than NRC. That is to say, the pilot and control cities should have similar GDP, amount of population, level of administration (rather than provincial cities), and surroundings or even the climate. This study will choose four representative control cities for each pilot city with the comprehensive consideration of homogeneity on the geographical position and city scale. What’s more, to rule out the possibility of geographical difference, the cities out of the pilot province were not selected. Taken together, 16 representative control cities which matched the selection criteria were identified, and the detailed information of treatment and control groups is shown in Table 1.
TABLE 1 | A comparison between the treatment and the control groups.
[image: Table 1]Economic Model Specifications
Several methods currently exist for the assessment of environmental policy and action (Cheng et al., 2021; Lu et al., 2021; Wang and Qiu, 2021; Yang et al., 2021). Among which DID is one of the most widely-used tools, as the usefulness of this technique has been demonstrated in several notable research. Samples were analyzed using DID that was detailed for effects of medical marijuana and recreational marijuana use (Pacula et al., 2015). Li et al. (2016) found that the flattening of the government hierarchy has a negative effect on economic performance with the Propensity Score Matching and DID (PSM-DID). Wen et al. (2020) argue that companies participating in the carbon market have higher carbon exposures when the conditions of the coefficient of carbon risk factor, a parameter of the DID model, is significantly positive. In recent years, DID is frequently utilized for the evaluation of environmental policy and action (Agüero and Beleche, 2014; Agüero and Beleche, 2017; He et al., 2020; Yang et al., 2020; Ye et al., 2020; Zhou et al., 2020). Therefore, the relationship between NRC and carbon emissions for this study was examined using DID. Data management and analysis were performed using Stata 16.0. Descriptive data were generated for all variables. Statistical significance levels were analyzed using analysis of variance and t-tests.
As Table 2 shows, five variables are used to investigate the effect of the Natural Resource Balance Sheet (NRC), where the explained variables are the Carbon emission per unit of GDP, per capita, and the total carbon sequestration of the pilot cities. The pilot policy of NRC, indicated as DID, represents the key dummy variable whose significance we want to verify. Besides, two controlled variables, the output value of primary industry and retail sales are listed as they may affect the three explained variables under the conditions that they are not the pilot duties of NRC.
TABLE 2 | Critical variables and control variables.
[image: Table 2]To verify the pilot scheme of NRC, Difference-In-Differences (DID) models are set as follows:
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From the above, (1) (2) are the main DID models aimed at finding whether NRC policy can effectively lower the carbon emissions in terms of unit gross regional production (CO2PerGDP) and per capita (CO2PerCapita). (3) is a DID model to verify whether NRC can promote carbon sequestration (Sequestration), which is fixing the carbon dioxide from blowing into the atmosphere. i denotes the individual (city) and t represents the time (year). The second factor in (Eqs 1–3), [image: image], is the key factor that indicates the effectiveness of the NRC pilot test, as the statistical significance and the value of the estimated coefficient [image: image] will indicate the impact degree and the impact direction by NRC. δi is the individual fixed effect, μt is the time fixed effect, and εit represents the residual errors. As (4) shows, [image: image] is composed of two indicative variables, [image: image] and [image: image], which delegate the existence of NRC policy and the time before or after the year of NRC’s implementation respectively. [image: image] equals 1 if city i belongs to the pilot city and equals 0 otherwise, [image: image] takes 1 if time t ≥ 2015 and be zero when t < 2015, Hence, [image: image] only takes 1 if the individuals are the four pilot cities in and after 2015.
EMPIRICAL RESULTS
Descriptive Statistics
The sample data for pilot and non-pilot cities in this research are obtained from annual CCSY and CESD from 2004 to 2017.4 non-pilot cities are being treated as control groups for each pilot region, considering the complex nature of geographical factors. The number of observations for the control group is 4 times over than the treatment group. Simple statistical analyses of all variables, including CO2 emissions per GDP, CO2 per Capita and carbon sequestration, are set out in Table 3. Of all samples, we can see that the mean values of all variables in the treatment group were much higher than those in the control group. For instance, the mean of CO2PerGDP in the treatment group is about four times more than that in the control group; the mean of CO2PerCapita is over two times more than that in the control group; the mean of Sequestration is about four times as that in the control group.
TABLE 3 | Descriptive statistics of variables.
[image: Table 3]Regression Results
The results obtained from the regression analysis of NRC pilot policy in 2015 on carbon emissions are presented in Tables 4–6. Table 4 provides the overview of carbon emissions in terms of unit gross regional production in four treated cities. Columns (1) to (4) show the outcome of Hulun Buir, Huzhou, Loudi and Yan’ an, respectively, which is the same as Table 5; Table 6. Apparently, there was a significant negative correlation between the pilot cities and CO2PerGDP at the p = 0.01 level, except for Yan’an city. The difference in carbon emissions in terms of unit gross regional production between the treatment and control groups in Hulun Buir, Huzhou, and Loudi were significant. The results indicated that, following each thousand increase in GDP, the CO2 emissions decreases 0.269, 0.102, and 0.243 ton for these three pilot cities after NRC implementation than the control group. While no statistically significant correlation was observed between balanced control and treatment groups in Yan’ an city.
TABLE 4 | Regression results of CO2PerGDP.
[image: Table 4]TABLE 5 | Regression results of CO2PerCapita.
[image: Table 5]TABLE 6 | Regression results of Sequestration.
[image: Table 6]The regression results of CO2PerCapita are displayed in Table 4. It is obvious that a significant difference was found between the NRC policy and carbon emissions in terms of per capita in Loudi and Yan’an cities. The values of CO2PerCapita in these two cities were distinctly higher than those in the control groups at the p = 0.01 level. Also, the coefficient estimates of DID for Hulun Buir and Huzhou cities reported in the table showed that there was no significant difference in both groups after the policy implementation.
The regression results of sequestration can be seen in Table 6. Of four pilot cities, surprisingly, only one coefficient evaluation of DID shows a significant increase of sequestration, suggesting that NRC policy in Yan’ an city has brought significant improvement in carbon reduction at a 1% significant level. No significant increase in carbon sequestration was detected in Hulun Buir, Huzhou and Loudi cities, which means sequestration of these regions tends to be insignificantly affected by NRC policy.
Parallel Trend Analysis
This study took the form of “parallel trend analysis” to identify the premise condition of DID estimation. Specifically, it needs to be ensured that treatment and control groups have similar development trends without policy interference. Figure 3 shows the change trends of the mean values for the variables including CO2PerGDP and Sequestration of the pilot and non-pilot cities. An inspection of the results in the figure reveals that they basically follow similar patterns before the implementation of pilot policy, although the results show a slight difference.
[image: Figure 3]FIGURE 3 | Trends of average values of explained variables of the pilot and non-pilot cities over 2004–2017. Note: (A), (B), and (C) are the results of CO2PerGDP for Hulun Buir, Huzhou and Loudi cities, respectively. (D) displays the trend of Sequestration for Yan’an city.
Robustness Checks
According to the analysis above, there were significant correlations between the implementation of NRC policy and different explained variables (CO2PerGDP, CO2PerCapita and Sequestration), which contributes to the reduction of carbon emissions to a certain degree. The correlation between the implementation of the NRC policy and the reduction of carbon emissions was verified using robustness checks. This study selected four randomized controlled cities as the assumed pilot cities to conduct the counterfactual tests. Hence, it could conceivably be hypothesized that these assumptive cities were implemented the NRC policy in 2015. If statistically significant results were still observed between explained variables and the policy of NRC, we can infer that the reduction of carbon emissions may be caused by other unobserved factors rather than NRC. The regression results from four cities of three explained variables are displayed in Tables 7−10.
TABLE 7 | Counterfactual results for Baotou City.
[image: Table 7]TABLE 8 | Counterfactual results for Jinhua City.
[image: Table 8]TABLE 9 | Counterfactual results for Huaihua City.
[image: Table 9]Looking at Tables 7–10, it can be seen that no statistically significant correlation between the three explained variables for all four assumptive cities and the policy of NRC, which means NRC is the unique exogenous impact for the true pilot cities. Therefore, the counterfactual results validate the reliability of the empirical results in 3.2. On average, the policy of NRC was shown to have a positive effect on carbon emissions reduction from different indicators in this study. We can then conclude that the implementation of NRC makes the relevant pilot cities paid more attention to environmental protection, and utilization efficiency of natural resources, which contributed to the achievement of carbon neutrality.
DISCUSSION
The empirical results above have proven that the NRC policy can exert positive effects on the carbon emission reduction accompanied by economic growth. Three of four pilot cities in China achieved the reversion of high-carbon growth as NRC brought down the CO2 emissions per unit of GDP, indicating that the public awareness of low-carbon development can be aroused by treating natural resources like social assets. Despite the carbon drop effect on the unit economy has not been significant in the fourth city, Yan’an, the effect on carbon sequestration is fairly fruitful in this pilot city, as its statistically significant coefficient on carbon sink is much larger. Table 10 summarizes the distribution of the results on four pilot cities.
TABLE 10 | Counterfactual results for Baoji City.
[image: Table 10]As Table 11 displays, in each pilot city, NRC can only bring in one of three positive effects, this indicating a single environmental protection policy can only achieve limited mitigation, or even give rise to non-ideal effects such as per-capita carbon emission’s increasing in Loudi and Yan’an cities.
TABLE 11 | A summarization of NRC on low-carbon transition in four cities.
[image: Table 11]The differentiated results among the four pilot cities may be due to their heterogeneous regional characteristics (Yu and Tsai, 2018; Tang and Dou, 2021). Compared with the other three cities, Yan’an has the lowest scale of the secondary industry, with only 18.0, 10.8 and 17.7% of the secondary industry’s output value in Hunlun Buir, Huzhou and Loudi averagely from 2015 to 2017, this weakened its emission-reducing potential because the manufacturing industry is the main source of CO2 emission.
As for the CO2 emission per capita, economic activities may explain the negative effect on Loudi and Yan’an, the residents’ retail spending in Loudi and Yan’an is 58.81 million and 81.24 million less than Huzhou’s in the post NRC period averagely, indicating that the basic household needs occupied more family spending where energy-intensive products such as heating and refrigeration are essential (Liu et al., 2021).
Although Yan’an has not benefited from the first two effects, carbon sequestration has only been promoted significantly there after the execution of NRC. A reliable reason is that the barren soil in northwest China enables larger development space on the contrary, where Yan’an is a part of the large-scale tree planting action in northwest China guided by the Central government. The new forestation area reached 13.64 million-acre in 2018 compared to 2004, including the 7.18 million acres of farmland’s returning (Zhang et al., 2018), and NRC could strengthen this process. Hence, more carbon sequestration could be created considering the larger land space in northwest regions.
Considering the distinguishing results above, a synergism of multiple green environment policies is necessary for realizing greater abatement. Fortunately, more countermeasures have come into effect since 2018, such as ultra-low emission of iron and steel industry, or building of energy storage facilities to serve the growing renewable energy. Further research should be undertaken to investigate the collaborative effects of multi-policies on environmental issues.
CONCLUSION AND POLICY RECOMMENDATIONS
This study has examined the relationship between the implementation of NRC and carbon emissions reduction. The following conclusions can be drawn from the present investigation. First, the findings clearly indicated, following the increase in each increase of one thousand GDP, that the impact on CO2 emissions was statistically significant negative, about almost 0.269, 0.102, and 0.243 decreases in three pilot cities, which are Hulun Buir, Huzhou and Loudi, respectively. Second, the results of this study showed that there was a significant positive correlation between the policy of NRC and Sequestration in Yan’an City, although the indicator CO2PerGDP of that region appeared to be unaffected by this scheme. The evidence from these findings indicates that carbon emission reduction can be partially achieved through the implementation of NRC. All the results were tested successfully by robustness tests. Taken together, this study appears to provide the first comprehensive assessment of NRC on carbon emission reduction. These results have significant implications for the understanding of how NRC affects carbon emissions, which complement those of earlier studies.
In line with the findings, this study has a number of policy implications for future practice. On the one hand, carbon emission is considered not only a climate issue, but also an environmental factor. The policy of NRC has demonstrated to achieve a win-win situation between the construction of ecological civilization and climate mitigation. Therefore, it is an efficient way for the government to encourage enterprises to promote their green productivities based on existing resources, since the natural resources such as forests have been priced, the exploitation cost for the enterprises will rise accordingly. On the other hand, this information can be used to develop targeted inventions aimed at carbon emissions reduction with many other green environmental policies. The results have confirmed the important role played by NRC on carbon emissions reduction, although the effect of NRC is different in various pilot cities. Cities with higher natural resources should do their best to intake them into national assets, add their value as far as possible, and eventually expand the coverage scale of green plants and increase the carbon sequestration.
Despite these promising results, some limitations need to be noted regarding the present study. First, this analysis has only examined the role of NRC on carbon emissions reduction without considering the context of many other green environmental policies. Also, with relatively small samples, caution must be applied regarding the generalizability of these findings. Further studies, which take other variables into account, will need to be undertaken to develop a deeper understanding of the relationships between the collaborative effects of multi-policies on environmental issues and carbon emissions.
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