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Municipal Solid Waste governance in China entered a new phase in March 2017 when the Chinese government began requiring major cities to enforce waste sorting as well as to develop a system of laws, regulations, and standards regarding waste sorting. This study used text mining and the Policy Modeling Consistency (PMC) Index model to develop an evaluation system of Municipal Solid Waste sorting management policies that included 10 first-level variables and 51 second-level variables to quantitatively evaluate the texts of waste sorting management policies in 11 major cities, and then the PMC surface of policy texts was constructed to analyze the strengths and weaknesses of individual policies according to the PMC index values. The results revealed that there were no excellent level or bad level policies among the 11 policies, with an average PMC index value of 7.71. Overall, the 11 policy texts all set out clear goals and programs in accordance with local conditions, but there are some differences across policies in terms of indicators, including policy content, policy function, policy evaluation, restriction and incentives. This study provides a fresh viewpoint on the policy evaluation of waste sorting management and offers some insight for policymakers, who should pay attention to waste separation, focus on key indicators of the policy, and enhance the effectiveness of the policy response. In addition, the applicability of the evaluation model and the difficulties associated with waste sorting governance of China in post-epidemic are discussed.
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1 INTRODUCTION
Municipal Solid Waste (MSW) Management has emerged as one of the most severe environmental governance challenges affecting governments worldwide. Developed nations have built a relatively sound MSW management system after decades of governance (Tong et al., 2020). For instance, Japan, a developed country with a similar geographical location and composition of household waste to China, has established standards for waste sorting, detailing the treatment of different kinds of waste. Since the implementation of waste sorting, Japan’s MSW generation has decreased by 21.8% between 2000 and 2017 from 54.83 to 42.89 million tons, end-of-pipe disposal has decreased from 10.51 to 3.86 million tons, and the rate of resource recovery has increased from 14.3% to 20.2% in 2017. Japan’s MSW management has entered the era of recycling (Zhong and Zhong, 2020). In Europe, The E.U. Waste Framework Directive (2008/98/E.C.) specified the hierarchy of waste management: Prevention, Re-use, Recycling, Recovery, and Safe Disposal, while also clarified the “polluter pays principle” (European Commission, 2008). In 2018, the European Parliament and the Council of the European Union adopted amendments to the Waste Framework Directive requiring member states to comply with the obligation to separate and collect waste according to the Waste Framework Directive, renewable energy subsidies for waste incineration should be removed if they fail to comply. The goal of halving the amount of residual (non-recyclable) municipal waste by 2030 was subsequently proposed (European Commission, 2020). Separating waste at the source to reduce waste generation has become the worldwide consensus for MSW management.
China has experienced significant economic growth for over 40 years as the world’s largest developing nation following reform and opening up, the amount of solid waste produced in 2004 ranked first globally as a result of urbanization and greater living standards (Kaza et al., 2018). According to data from the Ministry of Ecology and Environment’s (formerly the Ministry of Environmental Protection) Annual Report on the Prevention and Control of Solid Waste Pollution and Environment in Large and Medium-sized Cities in China, MSW in China’s large and medium-sized cities increased from 168.2 million tons in 2014 to 235.6 million tons in 2019, with an average annual growth rate of more than 8 percent (Ministry of Ecology and Environment of the People’s Republic of China, 2018). From World Bank’s estimate, China’s MSW production will top 300 million tons by 2030 (Kaza et al., 2018), severely impacting large cities’ waste management.
In the past, China mainly used landfills to dispose of waste, which caused a large amount of land resources, and improper disposal will cause irreversible damage to land and groundwater and even endanger human health. Cities were facing the dilemma of “waste siege.” With the promotion of waste incineration technology, waste incineration has gradually become the dominant waste treatment method in China, with the incineration rate of MSW reaching 62.29% in 2020 (Ministry of Housing and Urban-Rural Development of the People’s Republic of China, 2021). Meanwhile, China has started to shift waste management from terminal treatment to source reduction and resource recovery, and a pilot project called “waste-free city” has been started in China to cut down on the amount of solid waste at the source (Li et al., 2022a). Waste sorting is a comprehensive management system involving multiple subjects such as government, residents, enterprises, social organizations, etc., including waste placement, collection, transportation, disposal, and recycling (Ma and Hipel, 2016). The policies and regulations of MSW sorting management (MSWSM) not only guarantee the successful implementation of MSW sorting by government agencies, but also give waste separate guidelines to the general people.
Policy evaluation is a highly essential aspect of the public policy analysis process, which is the basis for reasonable classification and allocation of policy resources and an effective way of testing the effects of policies (Yang et al., 2021a). The Chinese government regularly uses pilot projects to verify the impacts of policy implementation and provide experimental benchmarks for wider implementation (Zhang and Wang, 2020). In fact, rising international research on the evaluation of waste sorting management policies has started to emerge due to the gap between the policy implementation impacts and the intended policy goals. However, A large body of literature evaluates MSWSM policies at the macro level, and few evaluate the strengths and weaknesses of individual policies. For example, (Xiao et al., 2020) reviewed the model and current status of waste sorting in Shanghai, China, and positively evaluated the models of mandatory waste separation legislation, green account program, and joint network program in Shanghai. Bergeron (Bergeron, 2020) integrated the Geneva waste management policy with the categorization management practice from 2002 to 2013, performed a SWOT analysis of the strengths, weaknesses, opportunities, and threats of Geneva waste management, and confirmed the efficacy of the Geneva waste management policy. Daskal et al. (2018) analyzed the policy and current situation of waste management in Israel, the significance of municipal solid waste regulations was highlighted by practical statistics such as classification, recycling, and landfilling. Moh and Abd Manaf (2017) discussed the waste management policies and plans transformation in Malaysia from a historical perspective, and analyzed the issues of MSW management, including public responsibility and stakeholders. Therefore, this paper tries to bridge the gap from the perspective of Chinese cases. Firstly, MSWSM policies in China are exploited using text extraction techniques to summarize and describe existing policies; Secondly, a PMC Index model is created to provide a quantitative evaluation framework for MSWSM policies research in China’s Major Cities; Finally, the MSWSM policy texts from 11 cities are selected as research samples, and the policy contents are quantified and assigned, then the policy is analyzed in depth based on the results of the evaluation.
2 LITERATURE REVIEW
2.1 Analysis and evaluation of China’s MSWSM policies
A hot topic of research in the field of waste management has been the analysis and evaluation of waste management policies. The policy text is a physical vehicle for illuminating the “black box” of government policymaking, with the function of information transmission and communication, reflecting the value orientation of policymakers and providing a window for researchers to observe the policy process (Ren et al., 2017). Content analysis is a common method of analyzing public policy. Zheng and Chen, 2021) analyzed the content structure of the municipal policy text on mandatory waste sorting, using institutional jurisprudence tools under the IAD (Institutional Analysis and Development) analytical framework, and summarized the functional contours and institutional features of the MSWSM policies. Tian (Tian, 2015) used word frequency analysis and textual analysis to analyze trends in policy objectives, policy objects, policy instruments, and policy values in China’s MSWSM policies over the last decade. Wan and Wang (Wan and Wang, 2020) developed a policy expression model to explain the historical evolution of MSWSM in China through these changes in policy philosophy, policy structure, and policy process. From a time-series perspective, Tan et al. (2021) examined the evolution of stage characteristics and governance paths of MSWSM in China based on social network and cluster analysis methods.
Other scholars examine China’s MSWSM policy from the point of view of policy instruments. Xie and Xu (2021) and Sun et al. (2021) present a three-dimensional and two-dimensional framework for MSWSM policy analysis, respectively, based on policy instrument theory, and both conclude there are currently too many environmental policy instruments and not enough supply-based and demand-based options. Tian (2020) argues that the applicability of coercive tools in waste sorting is determined by two sets of variables. Local government capacity is a prerequisite for “coercion”; when the policy network is inappropriate, policy marketing can reduce resistance from the policy network and make “coercive sorting” feasible. Contrary to Xie et al. and Sun et al., He et al. (He et al., 2017) believe that policy tools such as regulation-typed tools, market-typed tools, and public participation-typed tools complement each other very well. Also, He et al. constructed a three-dimensional analytical framework to examine the problem of coordination in MSW policy making, and found that there was little coordination between policy levels and policy subjects due to “fragmented authoritarianism,” which produces inter-ministerial competition, impedes coordination between policy departments. Likewise, Wang and Jiang (2020) investigated the Chinese legislation for MSWSM from the viewpoint of Authoritarian Environmentalism and found that the government dominates waste management in China, the unbalanced distribution of local legislation, and localism may threaten the results of authoritarian environmentalism.
Public attitude and support are crucial to the implementation of MSWSM policies. Wan et al. (2018) conducted a study of Hong Kong residents by telephone that found large differences in support for different MSW policies according to gender, age, and educational level, and that household size and political orientation had little influence. Respondents expressed more support for policies to develop recycling industries and producer responsibility programs, and less support for policies to charge for waste and promote education. Chen et al. (2018) present the opposite perspective based on research conducted in Nanjing, finding that household size is the most significant determining factor of support for waste sorting, and with 52% of the population supporting mandatory waste sorting. Hou et al. and Wu et al. used web crawlers, a data mining technique, to perform sentiment analysis on web data of MSWSM policies. Hou et al. (Hou et al., 2020) found that public support for strict waste sorting policies was low in the beginning and became increasingly lower over time, the primary reason for that being trouble. On the contrary, the public showed more positive willingness and support for flexible waste sorting policies. Wu et al. (Wu et al., 2021) found that nearly half of the Chinese public did not support MSWSM policies and that people living in economically developed regions were more concerned about MSW sorting. He also noted that public concerns shifted from how to sort and penalties related to improper sorting at the beginning of policy implementation to the cost, time, and irregularities of the recycling process after a period of implementation. Other researchers have compared the waste sorting policies and MSW management systems of different countries, regions, and cities (Guerrero et al., 2013; Fan et al., 2019; Chand Malav et al., 2020; Kurniawan et al., 2021), which provides a framework for exploring the governance path of MSW in China. Furthermore, methods such as fuzzy set theory (Wan and Wan, 2020), SWOT analysis (Zhou et al., 2019), Bayesian theory (Yang et al., 2018a), DEA model (Yang et al., 2018b), and system dynamics method (Li and Wang, 2021), etc., have been employed to analyze and evaluate MSW policies and MSW management systems in China.
2.2 Impact of MSWSM policies
In terms of the impact of waste sorting policies, Chen et al. (Chen et al., 2018) found through a study of Nanjing communities that mandatory waste sorting policies increased waste separation by 49.7%, the investments in source-separated facilities, publicity, and special monitoring have substantial positive benefits on MSW source-separated collection. In an analysis of panel data from eight pilot cities for waste sorting, Han et al. (Han and Zhang, 2015) concluded that MSWSM policies had little effect on the reduction of MSW per capita, and that consumption levels, household size, and education levels significantly accelerated MSW per capita generation. Han et al. (Han et al., 2016) examined the crowding-out effects of MSW policies and concluded that fees and source separation had a crowding-out effect on voluntary source separation, waste fees decreased intrinsic motivation for resource separation, incentives performed as weak enhancers in the short run and negative enhancers in the long run, and the crowding-out effects of mandatory and voluntary policies on waste generation must be considered. Through quasi-natural experiments and questionnaires, Yang et al. (Yang et al., 2021b) investigated the spillover effects of various waste sorting policies on sustainable consumption behavior and found that punishment policies substantially reduced sustainable consumption behavior while voluntary participation policies substantially increased sustainable consumption behavior. Xu et al. (Xu et al., 2018) examined the spillover effects of MSWSM policies on other environmental behaviors, such as household electricity conservation in Hangzhou. Chen et al. (Chen et al., 2021a) examined the impact of MSWSM policies on the green industry, and they identified that investors were insensitive to the introduction of MSW sorting in the short term, financial restrictions, insufficient incentives, and ineffective incentives did not benefit the waste sorting industry, and that additional measures were needed to remove uncertainty in the municipal waste sorting industry.
In general, the literature reviewed above provides support for the improvement and optimization of MSWSM policies and MSW governance in China. Nevertheless, most evaluations and analyses take a macroscopically focused approach to identify the issues with overall policies, and they seldom evaluate individual policies separately. With a view to remedying the limitations of previous studies, this study provides a micro perspective in order to evaluate the strengths and weaknesses of individual policies to provide a reference for optimizing MSW governance in government. In addition, this study develops a systematic PMC index model for MSWSM policy evaluation, which enriches the method of environmental policy evaluation and enhances its scientificity.
The PMC (Policy modeling consistency) index model is a new model proposed by Estrada in 2010 for policy modeling evaluation (Ruiz Estrada, 2011; Estrada and Arturo, 2022). It is based on the “Omnia Mobilis” notion that everything in the world is in motion and that while modeling, all important variables should be taken into account as much as possible and not overlooked (Ruiz Estrada et al., 2022). Comparatively to other policy evaluation methods, the variables of the PMC index model, especially the second-level variables, are mostly derived from policy text mining, which reduces the subjectivity of the evaluation. It also provides a scientific and effective basis for policy improvement by quantifying the level of internal consistency in policy modeling and by identifying the strengths and weaknesses of policies from multiple perspectives. This model has been used in many areas, including new energy vehicle (Yang et al., 2021a), cultivated land protection (Kuang et al., 2020), green development (Dai et al., 2021), employment recruitment (Chen et al., 2021b), ecological compensation (Li et al., 2022b; Dai et al., 2022), carbon emission reduction (Zhao and Tang, 2018) and pork industry (Li et al., 2021),etc. The model has been modified and improved by some researchers in response to the characteristics and attributes of various categories of public policies being evaluated, thereby enabling the model to contribute to a more mature methodological system, which further verifies the scientific validity and applicability of the PMC index model. Therefore, this paper attempts to compensate for the lack of evaluation of existing waste sorting policies by quantitatively evaluating MSWSM policies using the PMC Index model.
3 RESEARCH DESIGN AND METHODS
3.1 Overall of China’s MSW policies
In response to the waste management challenge, China started its exploration of MSW management regulations in the 1980s. In 1986, the State Council forwarded “The report on the treatment of urban waste to improve the appearance of environmental sanitation” from the Ministry of Urban and Rural Environmental Protection and Central Patriotic Public health Campaign Committee, which was the beginning of MSW management in China (Tian, 2015). The “Measures for the Management of Municipal Solid Waste” issued in 1993 was the first particular management measure in the field of municipal solid waste. In 2000, the Ministry of Construction designated eight cities, including Beijing, Shanghai, Guangzhou, Shenzhen, Nanjing, Hangzhou, Xiamen, and Guilin, to conduct pilot MSW sorting. However, pilot cities did not perform well due to a lack of waste separation and treatment facilities and inadequate public participation (Lu and Sidortsov, 2019). Subsequently, China’s MSW regulations and policies focus on the development of technical standards for waste treatment, the establishment of a waste charging system and the industrialization of waste treatment, etc. The waste sorting pilot project, technological innovation, market-oriented reform, educational propaganda, and the involvement of social forces are at the heart of China’s MSW management policies.
In March 2017, the State Council forwarded “The Implementation Plan of the MSW Sorting System,” which stipulates the implementation of obligatory MSW sorting in 46 key cities throughout the nation. The plan stipulates that the MSW recycling rate will reach 35% by 2020. The policy that was later released clarifies the goal of building a separate collection and transportation system for MSW in 46 key cities by 2023. China’s MSW management is a continuous governance action. We gathered data from Beida Fabao (http://www.pkulwaw.com), a comprehensive collection of Chinese law and policy, and supplemented it with information from the websites of all levels of government departments. Provincial and urban local governments issued over 3,000 MSW policies until April 2022, of which over 1,450 were issued after March 2017. As shown in Figure 1, state and local MSW policies and bylaws have increased from 129 in 2016 to 251 in 2017, and have remained high over the past 3 years. MSW sorting activities have been launched nationally, and the topic of waste sorting has made headlines in newspapers and social media. China has embarked on a new phase of mandatory waste sorting.
[image: Figure 1]FIGURE 1 | Issued number of MSW policies in China from 2013 to 2021.
3.2 Data sources
National MSWSM policies of China must be taken into account because the State Council and central ministries and commissions’ rules and regulations are extremely authoritative and universal, and serve as a guide for local governments in provinces and cities to formulate localized policies. This paper draws on a variety of policy texts issued by the Communist Party of China (CPC) Central Committee, the People’s Congress, the State Council, the Ministry of Ecology and Environment, the Ministry of Housing and Urban-Rural Development, the National Development and Reform Commission, the Ministry of Education, and other national-level agencies.
China is a large and populous nation. Climate, geography, economy, and way of life differ drastically between provinces and cities. Consequently, it is vital to examine the MSWSM policies in various geographic regions. China is divided into seven primary geographic regions according to the comprehensive geo-graphic regions: northeast, north, east, south, central, southwest, and northwest. First, we selected Beijing, Shanghai, Guangzhou, Shenzhen, Hangzhou, Nanjing, and Xiamen as target cities because they were not only designated as pilot cities for MSW sorting by the Ministry of Construction in 2000, but also as one of 46 key cities for implementing mandatory MSW sorting by the Ministry of Housing and Urban-Rural Development in 2017. Beijing is located in Northern China, Shanghai, Nanjing, Hangzhou, and Xiamen in East China, and Guangzhou and Shenzhen in South China. Combining geographical location and city development level, Chengdu, Wuhan, Shenyang, and Xi’an are designated as the representative cities for the Southwest, Central China, Northeast, and Northwest regions of China, respectively (see Figure 2, Map Source: Map Technical Review Center, Ministry of Natural Resources, China, http://bzdt.ch.mnr.gov.cn/). The analysis of the local-level policy texts issued by the city people’s congresses, municipal governments, and municipal agencies in these 11 significant Chinese cities is representative. The data sources for this work include the national policies and local policies of 11 cities: Beijing, Shanghai, Guangzhou, Shenzhen, Hangzhou, Nanjing, Xiamen, Chengdu, Xi’an, Wuhan, and Shenyang.
[image: Figure 2]FIGURE 2 | Geographical location of MSWSM policy source city in China.
The selection of policy texts primarily involved the following steps: 1) Searching and organizing policy texts. Under the headings of “municipal solid waste” and “waste sorting,” the central government and 11 selected cities’ MSWSM policies and regulations were initially searched in the regulatory and policy text databases of Beida Fabao.2) In order to ensure the comprehensiveness of the policy text coverage, secondary searches were conducted on the websites of the Chinese government, central ministries, and commissions, as well as on the websites of the people’s governments, urban administration bureaus, and education bureaus in 11 cities to supplement the texts, and the policy texts issued by the district governments of 11 cities were excluded. The Source of policy texts finally selected is shown in Figure 3. Shanghai, the Chinese city most committed to waste sorting, has contributed the largest number of policy texts.
[image: Figure 3]FIGURE 3 | Source of MSWSM Policy in evaluation.
3.3 Keyword extraction
After pre-processing the policy text, the Jieba thesaurus in the Python platform was used to extract the Chinese keywords and calculate the frequency of their occurrence. As all the sample policies are MSWSM policies, we have omitted redundant terms such as “household,” “waste,” “sorting,” and “management.” In addition, we removed interfering words, such as “carry out,” “in accordance with,” “promote,” and “implement,” etc., which were not informative for text analysis. Finally, 60 keywords representing the MSWSM policy were extracted (see Table 1).
TABLE 1 | High-frequency keywords statistics of China’s MSWSM policy.
[image: Table 1]As shown in Table 1, unit, collect, put in the waste bin, disposal, and facility are the top five high-frequency words. Additionally, It was also found that 1) high-frequency words such as “collect”, “putting in the waste bin”, “transport”, and “dispose” are the basic structure of the waste disposal system; 2)“unit”, “enterprise”, “society”, “school”, “People’s Government”, “street”, “community”,“resident”and “realty management “are the main body responsible for waste management; 3) “rectify”, “penalty”, “law enforcement”, “examine”,“supervise” comprise the constraints for MSWSM. These keywords provide the key variables for the setting of quantitative evaluation variables.
3.4 Construction of the PMC index model
The process of making a PMC index model can be broken down into four steps: 1) grouping the variables and figuring out the parameters; 2) setting up the multi-input-output table; 3) measuring the PMC index; and 4) constructing the PMC surface.
3.4.1 Variable classification and parameter discrimination
Setting the evaluation variables is a crucial component of the PMC model, which directly affects the rationality and validity of the evaluation results. Based on Estrada’s classic PMC index model indicator variables, as well as the results of keyword frequency analysis of MSWSM policies and the content of the policy texts in the previous paper, as well as citations from relevant research (Zhang and Geng, 2015; Zhang and Qie, 2017; Dong et al., 2020; Lu et al., 2021), we developed a policy evaluation index system based on the PMC index model by improving and completing the setting criteria for policy evaluations. A total of 10 first-level variables and 51 second-level variables were set in this paper (see Table 2). Policy type (X1), Policy timeliness (X2), Policy issuing agency (X3), Policy field (X4), Policy object (X5), Policy function (X6), Policy content (X7), Content evaluation (X8), Incentives and Constraints (X9) and Policy disclosure (X10) are the 10 first-level variables.
TABLE 2 | PMC index model variables of China’s MSWSM Policy.
[image: Table 2]In accordance with the concept of the PMC index model, it is essential to select as many relevant factors as feasible while conducting quantitative policy evaluations. In addition, the influence of the indicator variables should be accounted for exhaustively and fairly by employing binary to maintain the variables’ independence and balance. For instance, X1, Policy type, comprises 6 second-level variables: Predict (X1:1), Support (X1:2), Suggest (X1:3), Describe (X1:4), Guide (X1: 5), Supervise (X1: 6), judge whether the policy text was valuated involves predict, if yes, it is 1, if not, it is 0. It should also be noted that Policy timeliness (X2): Long-term (X2: 1) is more than 5 years, Medium-term (X2:2) is 3–5 years, Short-term (X2:3) is 1–3 years, and Temporary (X2:4) is within 1 year.
3.4.2 Building multi-input-output table
By the PMC index construction principle, the multi-input-output table was built with reference to the 10 first-level variables and 51 second-level variables (see Table 3). The weights for all sub-variables are the same, and there is no order of precedence, which constructs an analytical framework for the next calculation of the PMC index model for 11 major cities’ MSWSM policies.
TABLE 3 | Multiple input-output table of MSWSM Policy.
[image: Table 3]3.4.3 Measurement of the PMC index
According to the steps of constructing the PMC index model by Estrada, the calculation of the PMC index is divided into the following four steps.
• Insert the collection of first-level variables and second-level variables into the multi-input-output table;
• Assign values to the second-level variables in Table 3 according to Equation 1, 2;
• Calculate the number of first-level variables according to Equation 3, and the score range is [0, 1];
• Sum the values of the first-level variables by using Equation 4.
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In the formula, “ [image: image] ” is the primary variable and “ [image: image] ” is the second variable. Using Estrada’s evaluation criteria, the policy texts were rated and classified based on their PMC index in Equation 4. Table 4 shows the evaluation levels of different PMC index scores. The bad level indicates that the policy is neither relevant, practical, or feasible, and in most cases, it is difficult to accomplish the expected goals. The Excellent level indicates that the policy is comprehensive, well structured, widely used, and able to achieve the policy objectives, while the Acceptable and Good levels are in the middle.
TABLE 4 | Evaluation criteria of PMC Index.
[image: Table 4]3.4.4 Construction of the PMC surface
By constructing the PMC surface, it is possible to make the calculated PMC index more visual and intuitive to illustrate the strengths and weaknesses of the policy, as well as to evaluate the policy scientifically and objectively. The variable X10 is deleted due to the fact that its values are all 1, taking into account the symmetry of the matrix and the equilibrium of the surface. It is a three-dimensional surface consisting of a 3*3 matrix (see Equation 5).
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4 RESULTS AND DISCUSSION
4.1 Policy evaluation sample of 11 cities
Following a review and screening of 219 policies issued by local governments for MSWSM, one policy from each city was selected for evaluation, and the selected policies are presented in Table 5.
TABLE 5 | MSWSM Policy samples for PMC Index.
[image: Table 5]4.2 The PMC index values of 11 policies
As per the established MSWSM evaluation model, the policy texts were matched with each of the second-level variables, and the PMC indices for 11 MSWSM policies were calculated, ranked, and evaluated. The results are presented in Table 6.
TABLE 6 | Summary of PMC index of 11 policies.
[image: Table 6]Table 6 shows that the range of scores for the 11 MSWSM policies is [5.35, 8.75], with an average score of 7.71, and the overall consistency of the policies is generally high. As a result of the PMC index rating criteria, 9 policies were rated Good, 2 policies were rated Acceptable, and there were no policies with Excellent or Bad ratings. Among these policy texts, Opinions on Accelerating the Promotion of Municipal Solid Waste Sorting (P1) issued by the Beijing Municipal People’s Government scored the highest PMC index, which is 8.75, making it the highest-ranking and belonging to the Good level. In contrast, the Notice on Implementation Plan of Municipal Solid Waste Sorting in Xiamen Municipal organs and institutions in 2018 (P7) issued by Xiamen Municipal Administration of Organs Affairs has the lowest PMC index, with a score of 5.35, which is lower than the average of 7.71 and belongs to the Acceptable level. Like P7, the Notice on Implementation Plan for Municipal Solid Waste Sorting issued by the Hangzhou Institutional Affairs Bureau (P5) has a PMC index of 5.55, which is below average.
For a clearer view of the benefits and drawbacks of policies in different indicator dimensions, a Radar chart of the 11 policies was constructed on the basis of the summary of the scores of the second-level variables (see Figure 4). The average values of X1 (Policy type), X4 (Policy field), X5 (Policy object), X6 (Policy function), X7 (Policy content) and X9 (Incentives and constraints) of the 10 first-level variables are both above 0.8, while the average value of X8 (Content evaluation) is 0.77, in general, the policy text is regarded favorably in these indicators. Considering that the index values of different policies fluctuate widely, a comparative analysis of policies is particularly essential.
[image: Figure 4]FIGURE 4 | Radar chart of 11 Policies.
The mean value of X1 (Policy type) is 0.82,10 policy texts are above the mean, with the exception of P7. It is noteworthy that most of the texts on policy reflect characteristics of prediction, support, description, guidance, and supervision, but do not generally reflect suggestion. A mean score of 0.52 is obtained for X2 (Policy timeliness), none of the 11 policies involve long-term planning (more than 5 years) of MSWSM, and those planned within 3 years represent the majority of policies that are not sufficiently forward-looking. X4 (Policy field) comprises politics, economics, society, technology, and environment aspects, lack of support and measures in the economic, social, or technological fields is the main factor responsible for the poor overall assessment of P5 and P7. The concern of waste sorting is a social governance issue that requires the participation of multiple stakeholders, including government, enterprises, society, and the public. In terms of policy objects, P5 and P7 do not involve enterprises, street communities, or social forces, and both score 0.29 in X5. X6 (Policy function) is the goal and outcome of MSWSM. With regard to waste sorting, the main objective is to achieve “reduction, resource utilization, and harmlessness” of MSW, the level of recycling and disposal of waste separation, the cultivation of residents’ separation habits, and the establishment of long-term governance for MSW sorting, X6 has the highest mean score of 0.89 of all first-level variables, only P5 and P7 perform poorly. X7 (Policy content) is the variable with the greatest number of second-level variables. This includes all aspects of domestic waste sorting management and is therefore critical to the achievement of the policy governance objectives. Parts of the policy text that are not covered are primarily related to ledger management, administrative approval, and information management, and P5 has the lowest score of 0.5. It is significant to note that X8 (Content evaluation) is one of the variables with a large variation in scores, with a mean value of 0.77. Specifically, the issues are centered around poorly conceived, and poorly designed policy programs or plans, and some policies have descriptions that are focused on achieving 100% waste separation awareness, participation, and publicity coverage within a short period of time, which are campaign goals that are unsustainable and unattainable. Moreover, some policy texts, such as P5, P7, and P11, lack sufficient specificity in their plans. X9 (Constraints and Incentives) guarantee that the policies will be able to be implemented effectively. An average score of 0.86 is obtained by 11 policies in this variable. The main problem lies in two areas: administrative penalties and incentives. Two other variables had the same score for all evaluation policy texts. The average score for X3 (Policy issuing agency) of 11 policies is 0.33, with a single issuing body and fewer synergies and less collaboration between different functional departments. As all 11 policies are openly accessible, the scores for X10 (Policy disclosure) are all 1.00.
4.3 The PMC surface of 11 policies
As shown in Table 7, the PMC matrices of the 11 domestic waste separation management policies are determined using Equation 5. The PMC surfaces for the policies are then plotted in order to visualize the surface fluctuations in each indicator dimension in a three-dimensional surface, as shown in Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 (only some are shown due to limited space). The horizontal coordinate values of the matrix are represented by the numbers 1, 2, and 3, whereas the vertical coordinate values are represented by series 1, series 2, and series 3. Each color represents a different variable score, and the convex part of the graph surface indicates that the policy is higher in the corresponding assessment index, and the depressed part of the graph surface indicates that the policy is lower in the corresponding assessment index. By monitoring the degree of depression and the area of PMC surface depression, it is able to determine the policy’s strengths and weaknesses as well as its overall quality.
TABLE 7 | The PMC-Matrix of 11 policies.
[image: Table 7][image: Figure 5]FIGURE 5 | PMC surface of P2.
[image: Figure 6]FIGURE 6 | PMC surface of P3.
[image: Figure 7]FIGURE 7 | PMC surface of P7.
[image: Figure 8]FIGURE 8 | PMC surface of P8.
[image: Figure 9]FIGURE 9 | PMC surface of P9.
4.4 Results discussion
To improve the relevance of the analysis and examine in more detail the problems of MSWSM policies within major Chinese cities, we have selected four policies at the Good level and one policy at the Acceptable level for further detailed analysis. They are P2, P3, P7, P8, and P9. This section describes the strength and weaknesses of specific policies based on the PMC Surface of MSWSM policies, together with variable indicators at all levels. In view of the fact that selected policy texts are issued individually by respective municipal governments or functional departments, there is no joint issuance. Therefore, X3 indicators will not be analyzed separately.
P2, which scores perfectly on several indicators, ranks second out of 11 policy texts with a PMC index of 8.66. In this policy, the role groups are clearly defined, and there are well-defined policy functions and coverage areas, as well as the appropriate incentives and constraints, all of which combine to create a well-balanced text. In Figure 5, the PMC surface of P2 appears smooth overall, but there are more prominent depressions in X2 (Policy timeliness) and X7 (Policy content). Shanghai was the first Chinese city to enforce mandatory waste separation, and has issued 56 relevant policies and regulations since March 2017, the most among Chinese cities. The “Green account” incentive mechanism has been widely discussed on the Internet and has served as a model for other cities. P2 is a guiding policy for MSWSM issued by the General Office of the Shanghai Municipal People’s Government. It specifies that a system of full domestic waste sorting based on the rule of law, sound policies, advanced technology, and social coordination, which is compatible with Shanghai’s outstanding development orientation, will be largely established by the end of 2020. The PMC surface dent is due to a lack of long-term planning in terms of policy timeliness and a lack of explicit expression of ledger management, administrative approval process, and operation of treatment facilities in terms of policy content, all scoring 0.75.
P3 is the policy text of Guangzhou Municipal People’s Government’s guiding opinions of half a year after the implementation of the Guangzhou MSWSM Regulations. The PMC index is 7.94, and the policy surface fluctuates considerably, showing a concave and convex structure. In 2011, Guangzhou City carried out the exploration of a mandatory domestic waste separation pilot and proposed a number of management measures related to waste management, including charging by volume, regular and fixed-point waste collection, as well as imposing administrative penalties, which represent the forefront of waste sorting management exploration in China. As seen in Figure 6, there is a clear depression in X1, X2, X5, X7, X8, and X9 indicators. In the policy text, only the current year and short-term goals are listed, the property management company’s responsibility is unclear in the policy target, and the policy content is not expressed in terms of administrative approval. In addition, the PMC surface is partially concave due to the absence of a comprehensive implementation plan and incentives and rewards.
P7 is a temporary policy text at the municipal level, which is the MSW sorting work program of Xiamen municipal institutions in 2018. P7 has a PMC index of 5.35, ranking last among all the policies evaluated. The results in Figure 7 indicate that all variables except X7 and X9 have low scores, and the PMC surface as a whole exhibits a concave pattern, probably due to the fact that this is a temporary policy at the sectoral level involving a restricted range of role groups and areas of application. Moreover, the policy content is not comprehensive, lacking detailed plans and scientific programs, and is only an acceptable level policy. Therefore, the implementation effect can not be guaranteed, and there is more room for improvement.
P8 is a 3-year plan (2018–2020) for the sorting of MSW developed by the Chengdu Municipal Government with a PMC index of 8.49, ranking third. As the sixth-largest city in terms of MSW generation in China in 2019, Chengdu generated 6.86 million tons of waste. The objectives of P8 are clearly stated, with the detailed planning of work tasks for 2018, 2019, and 2020, and the departments responsible for different MSWSM objectives and timeframes for completion, with a high degree of scientific implementation. A good overall consistency can be found in the text as it covers all aspects of MSW separation, collection, transportation, disposal, and facility construction. However, the PMC surface of P8 has more obvious depressions on X1, X2, and X8, which need to be improved in terms of policy recommendations, medium-term and long-term development planning, and policy contents, including administrative approval and ledger management.
P9, like P8, is a 3-year action plan for MSW sorting in Xi’an. It has a PMC index of 8.04, which ranks fifth, and has three indicators below the average: X2, X4, and X9. Similarly, this policy is structured as a 3-year plan, with the focus on temporary and short-term measures without regard to medium and long-term measures. The problem also stems from the failure to take into account the policy type, policy content, administrative approval, and ledger management. Meanwhile, the policy field does not reflect science and technology support, and the absence of administrative penalty provisions also makes the implementation of the policy insufficiently secure. It is worthwhile emphasizing that P9 achieves a good level of prominence in X1, X5, X6, and X8, with an overall rating of Good.
5 CONCLUSION
Currently, the Chinese government attaches great importance to urban environmental management, and as a result, the policy system of MSW in China is becoming increasingly richer, and all city areas are developing localized waste sorting systems. The atmosphere of MSW sorting in major Chinese cities is gradually forming, and more and more social forces are engaging in MSW sorting. Evaluation of the MSWSM policies in China’s major cities can serve as a reference for the sustainable development of MSW management in China. In comparison with traditional methods such as expert scoring and policy satisfaction surveys, this method effectively reduces the subjective quality of evaluations. This paper presents a new technical framework for domestic waste management policy analysis using text mining and quantitative policy evaluation based on the PMC index model, and thereby improves the scientific nature of policy evaluation. In conclusion, 8 out of 11 policies are rated as good, 4 as acceptable, there is no policy text rated as excellent or bad, the completeness and consistency of the policies are excellent, but there is significant opportunity for improvement in many policy-related variables.
MSW management in China is shifting from terminal treatment to source separation. In order to successfully achieve the goal of managing MSW, the government places great importance on waste sorting from top to bottom, and focuses on improving policy coverage and policy feasibility to facilitate the achievement of those goals. In particular, the PMC index of MSWSM evaluation is affected by indicators such as policy implementation cycle, policy content, policy audiences, content evaluation, incentives and constraints, etc., and all policies have some prominent problems. Consequently, the key to optimizing and enhancing future MSWSM policies is to improve the effectiveness of policy responses, improve cooperation between policy sectors, enrich policy content and functionality, embrace the key roles of individuals, society, and markets, and improve incentives and safeguards are the relevant indicators that policymakers should pay more attention to in the future. Additionally, MSW management is a long-term systemic project, with short-term campaign-style governance approaches unable to achieve the governance objectives, a long-term strategy is required, as well as the establishment of a long-term action mechanism for the management of MSW sorting of multiple governances. For other developing countries similar to China, the applicability of the method should be evaluated according to different indicators. The applicability of the method is strong in the aspects of policy type, policy timeliness, issuing agencies and content evaluation, but limited in the aspects of policy content, policy issuing agency, policy function, incentives and constraints. Each nation should carefully examine the contents of its domestic waste management policies.
The limitations of this study are primarily related to the identification of variables and the selection of policy texts. On the one hand, in the future study, the scope of the policy text selection will be further expanded, and the policies will be analyzed and interpreted in stages in accordance with China’s MSW management priorities in different periods. On the other hand, further modifications and refinements of the first-level and second-level variables are required as well as attempts to establish a common standardized method of evaluating MSWSM policies. In addition to this, experimental studies on residents’ domestic waste sorting behavior are emerging. Especially in the post-epidemic era, the Chinese government ended its zero-Covid policy in December 2022, and local governments will have more energy and action to focus on waste management. But the measures adopted by the Chinese government’s dynamic zero-Covid policy and strategies in the past have caused a certain impact on the environmental awareness and sorting behavior of residents, the reconstruction of confidence in waste sorting is the new orientation of our future study.
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