Fuzzy synthetic evaluation of contaminated site management policy from the perspective of stakeholders: a case study from China
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Abstract: Contaminated sites are receiving increasing policy attention internationally due to the significant threats they pose to eco-environmental and human health. In China, a range of policies for contaminated site management have been developed and implemented with the ambition of reaching “zero contaminated sites” – in particular using a policy-driven approach to remediate or manage site risk while delivering useful synergies between services and opportunities in site reuse. To examine the interaction between policy making, policy implementation, and policy outcome, we designed a three-dimensional conceptual model of policy evaluation, and established an indicator framework of stakeholder perceptions covering policy formulation, policy implementation and policy outcome, which was tested in five cities in China (Chengdu, Beijing, Changsha, Chongqing and Shanghai) through interviews with various stakeholders. A combined method of fuzzy synthetic evaluation and entropy weight was applied for the purpose of quantification and comparability of evaluation results at different levels. The results show that: (1) there is no inevitable causality between policy formulation, policy implementation and policy outcome. Policy formulation, which is the premise of policy implementation and may largely influence policy outcome, does not perform well in all tested cities. Policy implementation is the key step and contributes most to the performance of the whole policy process. (2) In general, Chongqing and Beijing have a less-than-ideal performance compared to the other three study cities in contaminated site management. Due to differences in regional context, the same measure may produce different policy outcomes in different cities, indicating a need to carry out specific, locally contextualized or calibrated policies, based on the local cultural and socioeconomic environment. (3) The fuzzy synthetic evaluation method proved feasible in the quantitative evaluation of environmental policy, and can help to (i) better understand the advantages and challenges of implementing contaminated site management policy in target cities, and (ii) provide evidence for further decision making.
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1. Introduction
Land is an important economic and environmental resource. The ecological functions of soil in modulating the biogeochemical cycling of nutrients, supporting plant growth and sustaining healthy human habitation, are however becoming increasingly threatened by high levels of urban, agricultural and industrial contamination (Rodrigues et al., 2009). This is particularly the case in rapidly expanding Low and Middle Income Country (LMIC) economies, where contaminated land poses a significant development challenge even in larger economies. For example, China’s first nationwide soil pollution survey in 2014 indicates that 16% of China’s soil samples exceed the Chinese national soil quality standard, and in particular arable land and industrial areas have significant soil contamination issues (MEP, 2014). 

In China, the number of enacted policies to prevent and control soil pollution has reached more than 200 items nationally and locally in the past three decades (Li et al., 2015). Despite the growing number of policies aiming at fostering sustainable management and reuse of contaminated sites, arguably insufficient attention has been paid to understanding to what extent policy objectives have been achieved in China. Even internationally, few studies have conducted systematic analysis on the link between regulatory enforcement and the performance of contaminated site management, though qualitative policy analysis on contaminated site management is emerging, one example can refer to Prior (2016), which examined the role of sanctions in sustainable remediation processes using in-depth interviews conducted with 18 participants at three sites across Australia. Additionally, there are various constituents (e.g. policy goals, policy instruments and policy effectiveness) in a policy hierarchy, with different policy processes including policy formulation, policy implementation and policy outcome. The effective linkage between these constituents and processes is frequently assumed, but in practice does not always occur. As Wakeford (2010) has cautioned, evaluating the individual components of a policy is tempting but “does not much help with the bigger picture”. Considering growing pressures exerted by intended beneficiaries on inclusion, transparency and communication, stakeholder involvement has been explicitly identified as an effective means to understand, accept, support and improve more sustainable policy decision-making (Rusche, 2010). Therefore, a comprehensive evaluation from the perspective of stakeholders, which incorporates all policy components throughout the whole policy lifecycle, is a promising approach in future policy evaluation. 

The other challenge in policy evaluation is the difficulty in identifying reliable methodologies and precise indicators that can be widely quantified and applied in a meaningful and time-effective manner. Various evaluation methodologies have been tested and applied, such as induction (Wei et al., 2007; Song et al., 2011; Haasnoot and Middelkoop, 2012; Murray, 2013; Turpin et al., 2017), social survey (Manley et al., 2013; Hauck et al., 2013; Zhang, 2013; Campbell et al., 2017), statistical analysis (Dong et al., 2010; Neij and Åstrand, 2006), cost-benefit analysis (Fahlén and Ahlgren, 2010; Sijtsma et al., 2013), scenario analysis/model simulation (Masui, 2005; Reidsma et al., 2012; Zhang et al., 2012) and mathematical methods (Blechinger and Shah, 2011; Pielke Jr., 2011; Erol and Kılkış, 2012; Kong et al., 2018), with varying degrees of success. Here, we outline and test a fuzzy synthetic evaluation model based on the entropy weighting method (EW-FSE), which has been effectively utilised in a number of research fields (including information security, ecosystem health and water quality assessment) for quantitative policy evaluation (Diop, 2003; Liu et al., 2014; Zhou and Wang, 2005; Zou et al., 2006), but has not yet been applied to assess contaminated site management policies. Contaminated site management in China widely covers the stage of site investigation, risk evaluation, contamination remediation, result validation and supervision of the entire process. Considering the difficulties in identifying and quantifying policy evaluation indicators for contaminated site management, the EW-FSE method may prove superior to other existing methods, having the advantages of providing reliable and comparable results, feasible indicator clarification and quantification, and high objectivity and method certainty. 

In this study, we develop a conceptual model and evaluation indicators for policy evaluation in contaminated site management, aiming at quantitatively, comprehensively and reliably evaluating the essential components in a policy process. This model (and evaluation indicators) was implemented in five Chinese cities using face-to-face interviews with stakeholders, to examine contaminated land policy performance across the whole policy lifecycle process. The combined entropy weighting and fuzzy synthetic evaluation (EW-FSE) approach was used to analyze data collected from 45 questionnaires, based on which improvements in the effectiveness of policy processes, as well as policy recommendations considering the specific cultural and socioeconomic context of each city, were suggested.

2. Materials and Methods

2.1 Conceptual model

Policy evaluation applies a range of methods to systematically analyze the content, implementation or impact of policies, and to examine their merit, worth, or value in terms of improving the social and economic conditions of different stakeholders (HM Treasury, 2011). Regarding the different phases of the policy process there are three main types of policy evaluation, including policy content evaluation (prospective ex-ante evaluation), policy implementation evaluation (monitoring interim evaluation) and policy impact evaluation (retrospective ex-post evaluation). Currently, understanding policy evaluation in terms of a larger policy process, namely a lifecycle process covering policy formulation, policy implementation and policy outcome, is widely accepted by most researchers (Song and Yuan, 2006; Piric and Reeve, 1997). Figure 1 depicts a conceptual model of policy evaluation for contaminated site management, applied in this paper, which includes the role of stakeholder involvement in policy evaluation, in parallel to the relationship between the main stages of the policy process and the essential components in each stage.
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Fig. 1. Conceptual model of policy evaluation for contaminated site management

The basic structure of the conceptual model carries out policy evaluation in three dimensions: an institutional dimension / stakeholder involvement, a temporal dimension / policy lifecycle process and a geographical dimension / regional context. Relevant components are arranged into three interactive policy processes, in which specific questions are designed (and which refer to the general procedure of environmental policy analysis (Song, 2008)), and are answered by regulators, practitioners and academic researchers in case cities, to comprehensively evaluate how and to what extent policies can influence contaminated site management:

· Policy formulation: Is the policy goal reliable in protecting the soil environment, and managing risk, effectively? Are the contents practical (given details and resources) and can they be applied in a fair and ethical way? Are there multiple instruments that can be implemented to promote contaminated site remediation and redevelopment? Should the policy system be improved to cover more policy types and contents?

· Policy implementation: Policy implementation impacts policy outcomes directly, especially whether stakeholders (e.g. local government and polluters) have enough capacity or qualification to take specific responsibilities articulated in policies. 

· Policy outcome: Is the policy outcome as intended? For contaminated site management, the desired goal may be a detailed soil investigation, risk management or contaminated soil remediation, or sustainable land reuse. Three key components: the extent of the goal achieved, public response and resource efficiency are measured at this stage.

2.2 Evaluation framework

    Policy evaluation using a lifecycle perspective can provide valuable information to examine the facilitators and barriers in policy intervention, and further improve less effective policies as well as supporting management decisions. Fundamentally, to examine how policies are developed and implemented with what outcomes, it is critical to design an appropriate indicator framework with an overarching set of evaluation items. The systematic analysis on contaminated site management policies nationally and regionally in China have been previously reviewed in perspectives of policy objectives, system, content, instruments and stakeholders, etc. (Li et al., 2015; Li et al., 2017), which can provide convincing evidence to support the development of policy evaluation indicators. In principles of conciseness, representation and comprehensiveness, 40 specific questions covering the whole policy lifecycle process were designed to conceptualize 28 evaluation indicators, which are expected to validate the policy performance over multiple levels (Table 1). 

Table 1 Policy evaluation framework for contaminated site management: Lifecycle phase, component, indicator, code and description.

	Lifecycle phase
	Component
	Indicator
	Code
	Description

	Policy formulation
	Goal
	Rationale
	Q1
	Considering current pollution situation, policy objective of “effectively protect soil environment, prevent and reduce soil pollution, control environmental risk of land redevelopment, and comprehensively enhance supervision ability” is reliable.



	
	Content
	Comprehensiveness
	Q2
	Policy content can cover all the stages of contaminated site management (including site investigation, risk evaluation, contamination remediation, result validation and supervision of the entire process).



	
	
	Practicability
	Q3
	Policy content is specific and detailed enough to be implemented.



	
	
	Equality
	Q4
	Policy content gives enough consideration to balance interests of different stakeholders.



	
	Instrument
	Diversity
	Q5
	Through combing diverse policy instruments, it can play a good role in policy implementation.



	
	
	Utility
	Q6
	Policy instruments are effective enough to decontaminate polluted sites and accelerate land reuse.



	
	System
	Completeness
	Q7
	Currently, policy system covers different types (e.g. regulation, guideline and standard) but still needs to be improved.



	Policy implementation
	Capacity
	Local government
	Q8
	Collect and allocate site remediation funding properly.



	
	
	Environmental protection department
	Q9
	Invest enough labors and capital to supervise contaminated site investigation and risk assessment.



	
	
	
	Q10
	Invest enough labors and capital to supervise contaminated site remediation.



	
	
	
	Q11
	Invest enough labors and capital to supervise validation on outcomes of contaminated site remediation.



	
	
	
	Q12
	Check the feasibility of plans on contaminated site investigation and remediation.



	
	
	
	Q13
	Record information associated with contaminated site management (e.g. pollution status and remediation progress) and share with other departments (e.g. department of land and resources).

	
	
	
	Q14
	Guide, train and popularize advanced remediation technology and experience.



	
	
	
	Q15
	Carry out outreach and education activities on soil pollution prevention and control.



	
	
	
	Q16
	Disclose information associated with contaminated site management (e.g. pollution status and remediation progress). time.

	
	
	
	Q17
	Provide multiple approaches for public participation (e.g. website and email).



	
	
	
	Q18
	Respond to public suggestions timely.



	
	
	
	Q19
	Clarify responsibilities of stakeholders.



	
	
	Other related departments
	Q20
	Cooperate with environmental protection departments to strictly supervise land transfer.



	
	
	Polluters
	Q21
	Carry out remediation plan according to related policies.



	
	
	Redevelopers
	Q22
	Investigate site environment and carry out risk assessment on sites that are planned to be reused.



	
	Qualification
	Investigation
	Q23
	Investigate site environment according to relevant policies.

	
	
	Evaluation
	Q24
	Evaluate environmental risks and human health risks according to relevant standards.



	
	
	Remediation
	Q25
	Remediate contaminated sites according to relevant policies.



	
	
	Validation
	Q26
	Validate site remediation results according to relevant policies.



	Policy outcome
	Achievement
	Site status
	Q27
	The pollution of contaminated sites is effectively improved for future redevelopment.



	
	
	Policy system
	Q28
	Accelerate development of technical guidelines and other regulations.



	
	
	Site investigation
	Q29
	Inspect polluted sites before land transfer.



	
	
	Technical research and development
	Q30
	Increase funding in scientific research to promote technology innovation.



	
	
	
	Q31
	Significant increase of the number of relevant companies (e.g. remediation companies and consultation companies).



	
	
	
	Q32
	Significant increase of the number of professionals.



	
	
	Secondary pollution
	Q33
	Prevent secondary pollution.



	
	
	Information management
	Q34
	Develop the information recording and management mechanism.



	
	
	Prior remediation 
	Q35
	Areas including high-polluted areas and natural protection areas are selected to be remediated preferentially.



	
	Response
	Awareness
	Q36
	Public awareness of pollution prevention is highly improved by participating in publicity and education activities.



	
	
	Participation
	Q37
	Public can actively participate in contaminated site management.



	
	Effectiveness
	Funding
	Q38
	Stable resources or sufficient funding to support site remediation.



	
	
	Resource
	Q39
	Inputs such as machines and funding can be used effectively in the entire process of contaminated site management.



	
	
	Benefit
	Q40
	Benefit of site redevelopment is larger than remediation cost.




2.3 Scoring method

The evaluation framework was based on a Likert scale, which is the most widely used approach to scaling bipolar responses in social surveys (Likert, 1932; Carifio and Perla, 2007). To measure stakeholders’ statements on a symmetrical agree-disagree scale, a typical five-level Likert item was applied in this research, with responses as strongly agree, agree, neither agree nor disagree, disagree and strongly disagree, and 1, 2, 3, 4 and 5 scored sequentially for each level. Professionals with expertise in contaminated site management serving in governmental departments, research institutes and industrial companies in five Chinese cities (Chengdu, Beijing, Changsha, Chongqing and Shanghai) were interviewed face-to-face to specify their level of agreement or disagreement with a series of evaluation questions. 

2.4 Data collection

The evaluation indicator questionnaire was distributed at a conference focusing on soil pollution prevention and control, by emails and interviews to understand stakeholders’ (specifically attendee qualified with professional experience such as regulators, practitioners and academic researchers) perception on policy performance. That means, they can understand the policy issues well and their response were relatively reliable for data analysis. The cities with relatively high feedback, and contrasting policy settings, were chosen as test sites to carry out policy evaluation for contaminated site management. As shown in Table 2, five cities with distinctive regional characteristics differ in policy release, political position, geographical location, contamination situation and remediation experiences. For example, as the capital of China, Beijing has overwhelming advantages in political priority and invest environment, which is supposed to facilitate contaminated site management significantly; Changsha is listed as one of pilot cities and supported by Central Government Special Remediation Fund for serious heavy metal contamination. We gave interviewee the questionnaire and waited until they filled out all the questions, during this process, the questions that make interviewee confused were well explained. As a result, more than 50 questionnaires were handed out, while, five cities with a total collection of 45 questionnaires were finally used for data analysis after the incompletely answered questionnaires were removed, among which 20 were from Chengdu, 8 from Beijing, 6 from Changsha, 6 from Chongqing and 5 from Shanghai. It should be noted that, city in China is a definition of administrative division, and is under provincial level which includes province, autonomous region, municipality, and special administrative region.

Table 2 The context of contaminated site management in each case city
	City
	General situation

	Chengdu
	· Has applied a number of policy instruments, such as, information disclosure, public participation and pollution liability, to address contaminated site issues. 

	Beijing
	· The first city in China with a comprehensive and effective policy system covering four local standards, including Environmental Site Assessment Guideline, Technical Guideline for Contaminated Sites Remediation Validation, Technical Guideline on Construction and Operation of Heavy Contaminated Soil Landfill and Screening Levels for Soil Environmental Risk Assessment of Sites.

· Special context with high political attention and land prices, which can largely influence contaminated site management.

	Changsha
	· A pilot city, which is given increased central government resources (including labour, equipment and money) and simultaneously implements regulations under strict government supervision. 

	Chongqing
	· One of the cities initially leading policy making and practical remediation, has made substantial attempts to develop relevant standards and guidelines since 2005.
· Issued Declaration Guides for Directory of Contaminated Sites Assessment, Consulting and Remediation in 2013, which is China's first qualification guideline to standardize declaration conditions, declaration procedures and management regulations for relevant companies engaged in contaminated site management. 

	Shanghai
	· Established a specific institute – the Shanghai Soil Remediation Centre, to assist its environmental protection department to fully initiate contaminated site management.

· Carried out numerous soil and groundwater remediation projects and has accumulated successful land management experience, e.g. via the Expo site remediation, Disneyland site remediation and a number of large residential construction sites. 


Of the interviewees (Table 3), the proportion of men was slightly higher than that of women (60% vs. 40%). Average age of the respondents was around 31, and 97.78% had a postgraduate qualification (Masters’ degree or above). The majority of the interviewees were carrying out academic work in universities or research institutions (75.56%), with the remaining 8.89% working in governmental departments, 13.33 % in remediation companies and 2.22% in consultancies. More than 60% of the respondents have a low to medium income (less than 5000 RMB per month). There were no significant statistical differences in socio-demographic characteristics between the different cities.

Table 3 Basic information for interviewees

	Variables
	Options
	Percent (%)
	Variables
	Options
	Percent (%)

	Sex
	Male
	60
	Age
	<23
	2.22

	
	
	
	
	23-35
	75.56

	
	Female
	40
	
	35-50
	22.22

	
	
	
	
	>50
	0

	Region
	Chengdu
	44.45
	Education
	High school and below  
	0

	
	Beijing
	17.78
	
	Bachelor
	2.22

	
	Changsha
	13.33
	
	Junior college
	0

	
	Chongqing
	13.33
	
	Master
	66.66

	
	Shanghai
	11.11
	
	PhD or above
	31.12

	Workplace
	Governmental department
	8.89
	Monthly income in RMB (Yuan)
	<3000
	33.33

	
	University or research institution
	75.56
	
	3000-5000
	28.89

	
	Remediation company
	13.33
	
	5000-8000
	24.45

	
	Consultation company
	2.22
	
	>8000
	13.33


2.5 Fuzzy synthetic evaluation based on entropy weight (EW-FSE)

Fuzzy theory, based on sets whose elements have degrees of membership, is commonly used to make an overall evaluation on or decisions in complex systems which have imprecise information in a non-probabilistic sense, and allows integration of various parameters into the modeling and evaluation process (Zadeh, 1965; Gottwaldov, 2010). Additionally, fuzzy theory also has advantages in allowing mathematical operators to the fuzzy domain (Ma and Kremer, 2015), and providing a synthetic evaluation in an objective decision environment with multiple criteria (Mu et al., 2014; Zhao et al., 2016; Saiful et al., 2017). A fuzzy synthetic evaluation model related to the data set in this study can be established in five steps as follows:

(1) Establish factor set: the factor set, indicated by U, is the collection of various indexes affecting the evaluation object. 

U=
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   In which: m is the number of influencing indexes. According to the evaluation framework in Table 1, the factor set can be marked with 40 indexes.

(2) Establish assessment set: the assessment set, indicated by V, is the collection of evaluation results by the evaluators on the evaluated object.
V=
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   In which: n is the level of assessment standards. According to the Likert scale, the assessment set can be marked with 5 levels.

(3) Establish a fuzzy matrix: a fuzzy matrix, indicated by R, is the collection in which a single-factor in the factor set is assessed to determine its membership grade in the assessment set.

R=
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In which: rij is the membership grade of ui in vj, 0 ≤ rij ≤ 1 (i = 1, 2, …, m; j = 1, 2, …, n). rij can be calculated according to the positive or negative influence of indexes on the evaluation object by:
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In which: Xmin is the lowest mark of ui while Xmax is the highest mark of ui.

(4) Establish weight: Weight is one of the important issues in fuzzy synthetic evaluation, which shows the influence of indexes on the evaluation object and can have a profound effect on the evaluation results (Borovička, 2014; Zou et al., 2006). The entropy weight method, which has been evidenced as a useful tool in a range of research papers (Safari et al., 2012; Zhu et al., 2009; Liu et al., 2014; Zhou and Wang, 2005; Zou et al., 2006), is employed to acquire weights of different indexes. In terms of m indexes and n evaluation grades, the entropy of index ui and the corresponding weight are respectively defined in equation (5) and (6) as:
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    In which: 0≤ωi≤1, 
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    A smaller entropy of index suggests that this index can provide more useful information, have more impact on the evaluation result, and that a higher weight should be set. On the contrary, a bigger entropy means less useful information, less impact and lower weight.

(5) Establish the fuzzy synthetic evaluation model: to comprehensively reflect the overall influences of all indexes, the fuzzy synthetic evaluation model can be formulated based on weight ω and fuzzy matrix R as:
B = ω · R                        （7）

    In which: B is the evaluation result.

3. Results and discussion

Follow the steps of EW-FSE, the mean, entropy, weight and final result can be easily realized by applying formulation (1) to (7). The details evaluation results are provided below.

3.1 Results of questionnaire survey

    The mean of each evaluation item in each city is presented in Table 4 according to the collected data from each case city.

Table 4 Statistical mean of evaluation questions

	Question
	Cheng-du
	Bei-jing
	Chang-

sha
	Chong-

qing
	Shang-hai
	Question
	Cheng-du
	Bei-jing
	Chang-

sha
	Chong-

qing
	Shang-hai

	Q1
	2.35
	2.00
	1.67
	2.33
	1.60
	Q21
	2.75
	2.75
	3.00
	2.50
	1.80

	Q2
	2.80
	3.00
	2.67
	2.67
	2.60
	Q22
	2.35
	2.13
	2.33
	2.50
	1.80

	Q3
	3.25
	3.13
	3.00
	3.00
	3.00
	Q23
	2.30
	2.63
	2.50
	2.83
	2.20

	Q4
	3.15
	2.75
	3.17
	2.83
	3.00
	Q24
	2.20
	2.38
	3.00
	2.67
	2.20

	Q5
	3.20
	2.87
	3.00
	2.83
	3.00
	Q25
	2.30
	2.87
	3.17
	2.50
	2.20

	Q6
	3.00
	3.00
	3.33
	3.00
	2.80
	Q26
	2.20
	2.63
	3.00
	2.83
	2.20

	Q7
	1.45
	1.50
	1.33
	1.50
	1.40
	Q27
	2.85
	2.38
	2.33
	2.50
	1.60

	Q8
	2.00
	2.13
	2.50
	2.33
	1.60
	Q28
	2.40
	2.00
	1.83
	1.83
	1.80

	Q9
	2.40
	2.13
	2.33
	1.83
	2.20
	Q29
	2.70
	2.38
	2.50
	2.00
	2.00

	Q10
	2.50
	2.13
	2.83
	1.83
	2.00
	Q30
	2.35
	1.88
	2.17
	2.67
	1.60

	Q11
	2.45
	2.13
	2.50
	1.83
	2.40
	Q31
	2.20
	1.63
	1.83
	1.83
	1.60

	Q12
	2.05
	1.63
	2.67
	2.00
	2.20
	Q32
	2.00
	1.63
	2.00
	2.67
	1.60

	Q13
	2.50
	2.25
	2.83
	2.33
	3.00
	Q33
	2.60
	2.13
	2.50
	2.50
	2.20

	Q14
	2.50
	2.25
	3.00
	2.83
	3.40
	Q34
	2.95
	2.50
	3.17
	2.50
	2.60

	Q15
	2.45
	2.38
	3.00
	2.67
	3.20
	Q35
	2.30
	2.25
	2.83
	2.83
	2.20

	Q16
	2.95
	2.50
	3.17
	3.50
	3.40
	Q36
	2.80
	2.63
	2.17
	2.50
	2.60

	Q17
	3.00
	2.63
	3.00
	3.17
	3.20
	Q37
	2.80
	3.25
	2.83
	2.00
	2.20

	Q18
	3.30
	2.75
	3.50
	2.33
	3.40
	Q38
	3.10
	3.25
	3.33
	2.67
	2.40

	Q19
	2.50
	2.63
	3.17
	2.50
	3.00
	Q39
	3.15
	3.38
	3.33
	3.17
	2.80

	Q20
	2.80
	3.00
	3.00
	2.67
	2.00
	Q40
	2.35
	2.63
	2.00
	1.83
	2.20


Facilitated by normalization of the original data in Table 4, the EW-FSE model described in Section 2.5 was applied to calculate the entropy and the weight of 40 specific questions in the policy evaluation framework of contaminated site management (Table 5). The synthetic evaluation result of each city is shown in Table 6 to compare the performance of Chengdu, Beijing, Changsha, Chongqing and Shanghai on policy formulation, policy implementation, policy outcome and the whole policy process.

Table 5 Entropy and weight of indexes
	Index 
	Entropy
	ω j
	Index 
	Entropy
	ω j
	Index 
	Entropy
	ω j
	Index 
	Entropy
	ω j
	

	Q1
	0.975
	0.011 
	Q11
	0.968
	0.014 
	Q21
	0.972
	0.012 
	Q31
	0.986
	0.006 
	

	Q2
	0.963
	0.016 
	Q12
	0.977
	0.010 
	Q22
	0.957
	0.019 
	Q32
	0.972
	0.012 
	

	Q3
	0.966
	0.015 
	Q13
	0.926
	0.032 
	Q23
	0.984
	0.007 
	Q33
	0.975
	0.011 
	

	Q4
	0.972
	0.012 
	Q14
	0.921
	0.034 
	Q24
	0.983
	0.007 
	Q34
	0.973
	0.011 
	

	Q5
	0.960
	0.017 
	Q15
	0.318
	0.291 
	Q25
	0.981
	0.008 
	Q35
	0.954
	0.020 
	

	Q6
	0.964
	0.016 
	Q16
	0.889
	0.048 
	Q26
	0.983
	0.007 
	Q36
	0.919
	0.035 
	

	Q7
	0.846
	0.066 
	Q17
	0.966
	0.014 
	Q27
	0.922
	0.033 
	Q37
	0.902
	0.042 
	

	Q8
	0.960
	0.017 
	Q18
	0.961
	0.017 
	Q28
	0.967
	0.014 
	Q38
	0.960
	0.017 
	

	Q9
	0.969
	0.013 
	Q19
	0.978
	0.009 
	Q29
	0.950
	0.021 
	Q39
	0.952
	0.021 
	

	Q10
	0.962
	0.016 
	Q20
	0.968
	0.014 
	Q30
	0.982
	0.008 
	Q40
	0.979
	0.009 
	


Table 6 Results of the fuzzy synthetic evaluation

	City 
	Policy formulation
	Policy implementation
	Policy outcome
	Total

	Chengdu
	0.352 
	1.480 
	0.703 
	2.535 

	Beijing
	0.342 
	1.403 
	0.675 
	2.420 

	Changsha
	0.333 
	1.733 
	0.666 
	2.731 

	Chongqing
	0.339 
	1.552 
	0.625 
	2.516 

	Shanghai
	0.325 
	1.725 
	0.561 
	2.611 


3.2 Evaluation results for policy formulation

    The city by city performance in policy formulation, in descending order, is Chengdu (B = 0.352), Beijing (B = 0.342), Chongqing (B = 0.339), Changsha (B = 0.333) and Shanghai (B = 0.325) according to the evaluation results in Table 6. The differences in evaluation results between the five cities are not however statistically significant.
Compared with other cities, Chengdu and Beijing have established relatively effective regional policy systems for contaminated site management. The lower evaluation result for Shanghai indicates a need for regulators to focus more on policy making. Although Chengdu lags behind in taking physical measures to treat contaminated sites and has issued relatively few policies so far, their explicit policy goal (Q1=2.35) to “identify soil environment status to promote a win-win development of land use and soil protection” and joint application of 13 policy instruments (Q5=3.20) including information disclosure, public participation and pollution liability, both contribute strongly to a high score for practicability and viability of policy contents (Q3=3.25). Beijing has made more efforts to improve its regional policy system, that led to it becoming the first city in China to have a comprehensive and effective policy system (Q7=1.50) based on its specific social-economic-environmental context. As a result, four local standards including Environmental Site Assessment Guideline (DB11/T656-2010), Technical Guideline for Contaminated Sites Remediation Validation (DB11/T783-2011), Technical Guideline on Construction and Operation of Heavy Contaminated Soil Landfill (DB11/T810-2011) and Screening Levels for Soil Environmental Risk Assessment of Sites (DB11/T811-2011) have been released to systematically regulate policy content covering site investigation, risk assessment, site remediation and validation (Q2=3.00). 

As one of the cities that first led policy making and practical remediation in China, through development and implementation of relevant standards and guidelines from 2005 onwards, Chongqing receives a high score for policy system completeness (Q7=1.50). Hunan Province, a pilot region chosen in the directive Notice of Carrying out Pilot Work on Environmental Supervision on Contaminated site (No. 182-2014), is currently exploring how to establish a process management mechanism for contaminated sites aimed at facilitating land validation, transfer, and redevelopment once remediation is completed. As the provincial capital of Hunan Province, Changsha has set up a specific department pioneering a certification mechanism of soil environmental protection to enrich the diversity and effectiveness of policy instruments (Q6=3.33). However, relevant local standards and guidelines for soil pollution prevention and ecological remediation need to be developed and implemented to improve the policy system (Q7=1.33). Positively, stakeholders’ interests are considered focused and balanced in current management (Q4=3.17). Shanghai, with a range of implemented large site remediation projects such as the Expo site remediation in 2004 and Disneyland site remediation in 2012, focuses more on practical remediation rather than policy making (Q2=2.60), which has led evaluation professionals to doubt the vitality of policy instruments (Q6=2.80) and the realizability of policy goals (Q1=1.60).

3.3 Evaluation results for policy implementation

    Performance of policy implementation, in descending order, ranks the case cities as follows: Changsha (B = 1.733), Shanghai (B = 1.725), Chongqing (B = 1.552), Chengdu (B = 1.480) and Beijing (B = 1.403) according to the evaluation results in Table 6. 

    In general, the funding required for contaminated site remediation in China is in great demand, but historically has lacked stable or long-term sources. Therefore, funding mechanisms such as government subsidies, societal financing and an environmental pollution liability insurance system could be considered in policy implementation to increase financial investment (Q8). In terms of centralized supervision (Q9, Q10 and Q11), the relatively high score in Changsha reflects how pilot regions are given top priority in resource input (including labour supply, equipment and money) and simultaneously execute regulations under strict supervision. By contrast, the low scores calculated for Chongqing (1.83 for Q9, Q10 and Q11) appear to contradict its positive investment in policy implementation measures and structures, whereby the city has set up a contaminated site management institute (as part of the Chongqing Environmental Protection Bureau), employed experienced staff and inputted specific funding. This may highlight a gap between subjective anticipation and real performance. 

    In 2005, Shanghai established the Shanghai Soil Remediation Centre which assists the city’s environmental protection department to fully initiate contaminated site management. Successful experience has also been accumulated by the implementation of large-scale soil and groundwater remediation programs, such as the Expo site remediation, Disneyland site remediation and a number of large residential construction sites. This experience, and the effective methods of stakeholder engagement and involvement developed through it, is reflected by the city’s high scores in relation to the implementation performance of its environmental protection department on information sharing (Q13=3.00), technology popularity (Q14=3.40), soil knowledge education (Q15=3.20), information disclosure (Q16=3.40) and public participation (Q17=3.20). These high approval ratings indicate good practice that could serve as a model for other Chinese cities. 

    Although Beijing has taken active and positive measures in contaminated site management, as a centre of national government and policy the city arguably suffers from increased expectations from stakeholders in the environmental management field, which may explain why the city’s performance in policy implementation is not rated as highly as that in policy formulation by evaluators. Feasibility assessment of relevant proposals (Q12=1.63), information management (Q13=2.25), technical capacity of soil pollution treatment (Q14=2.25) and public participation (Q17=2.63) gave the lowest scores among all case cities.

    The evaluation results of indexes included in the qualification component (i.e. performance of site investigation, options appraisal and remediation against relevant standards) show that both Changsha and Chongqing have the highest scores (Q23, Q24, Q25 and Q26). As noted above, Changsha as a pilot city is given greater governmental focus and scrutiny to carry out regulations under strict supervision. In Chongqing, the Environmental Protection Bureau issued its Declaration Guides for Directory of Contaminated Sites Assessment, Consulting and Remediation in 2013, which is China's first qualification guideline to standardize declaration conditions, declaration procedures and management regulations for relevant companies engaged in contaminated site management. This standardization and regulation/scrutiny in terms of industry access, standards and qualifications, used as a lever to improve market expertise and capacity, may act as a model for other cities.

3.4 Evaluation results for policy outcome

    City performance in policy outcome ranks in descending order as Chengdu (B = 0.703), Beijing (B = 0.675), Changsha (B = 0.666), Chongqing (B = 0.625) and Shanghai (B = 0.561) according to the evaluation results in Table 6. 

    The outcomes of policy implementation show a large regional difference due to social, geographical, political and economic heterogeneity. Chengdu scored particularly highly on the measure “pollution of contaminated sites is effectively improved for future redevelopment” (Q27=2.85), and evaluators show generally greater satisfaction with policy outcomes in Chengdu than in the other four cities, despite its weaker performance in policy implementation measures. The main areas where Chengdu was ranked most highly by evaluators were:

· Accelerate development of technical guidelines and other regulations (Q28=2.40);
· Promote the inspection of polluted sites left by industrial relocation before land transfer (Q29=2.70);
· Increase development of relevant companies such as remediation firms and consultation firms (Q31=2.20), 

· Avoiding the secondary pollution in remediation (Q33=2.60); and

· Enhance public awareness of pollution prevention (Q36=2.80).

    For Chongqing, the most relevant factors in promoting policy outcomes are mainly identified as more financial investment in site remediation (including projects and R&D expenditure, Q30=2.67) and more technical professionals (Q30=2.67). According to local government data, by 2013 Chongqing had collected 400 million RMB through approaches including financial input and “polluter pays” legislation, which was then used for site remediation to facilitate land transfer and safe redevelopment. In addition, based on environmental investigations of 293 polluted sites left by industrial relocation, targeted options appraisal and remediation technology selection is implemented depending on site pollution levels (Q35=2.83). As a pilot city and an area of targeted investment, contaminated site management in Changsha is supported by stable and sufficient funding (Q38=3.33), farmers’ active participation in pilot remediation programs of heavy metal polluted arable land (Q37=2.83), and information management through the whole project process (Q34=3.17). Beijing, as a city with particularly high land demand and land prices, scores most highly on the measure “Benefit of site redevelopment is larger than remediation cost” (Q40=2.63). The relatively disappointing evaluation results for policy outcomes in Shanghai largely relates to its perceived lack of effective policies, although effective policy implementation (i.e. of those policies that are in place) can make up the expectations to some extent.

3.5 The overall evaluation results

    In general, the overall performance of the policy lifecycle process in each case city, ranked highest to lowest, is Changsha (2.731), Shanghai (2.611), Chengdu (2.535), Chongqing (2.516) and Beijing (2.420) according to the evaluation results in Table 6. Unexpectedly, the cities considered as leading in contaminated site management in China, Chongqing and Beijing, are judged to have a less-than-ideal performance compared to the other three cities. This is due to their lower scores in policy implementation that contribute most significantly to the overall policy performance. Of the three policy phases, implementation showed the highest scores (in terms of stakeholder perception) in all cities, and is not directly correlated (i.e. by city) with performance in policy formulation. Policy formulation receives the lowest overall perception scores, and shows most scope for improvement and/or investment, particularly as this may in turn, at least indirectly, improve performance in policy implementation and policy outcome. A sequential relationship between policy formulation, policy implementation and policy outcome can be logically assumed as policy outcome is directly affected by policy enforcement or implementation, which is on the premise of policy formulation. However, the uncertain causality revealed in this study, whereby policy outcome rankings do not follow sequentially and linearly from formulation and implementation rankings, shows that policy formulation and implementation are not the only and decisive factors for a desired policy outcome. This arises from the difference, on one hand, between hypothetical scenarios in policy making and their practical application in policy enforcement, and on the other hand, between the real situation and people’s higher expectations. In addition, evaluators probably have different values to measure intangible indicators that will lead to subjective or emotional judgments being made on evaluation results.

4. Conclusions

The focus of this paper is, on one hand, to develop a conceptual model in which policy evaluation can be carried out in three dimensions including stakeholder involvement, the specific regional context and the whole policy process, and on the other hand, to examine the complicated relationship between different policy processes, and identify an effective approach to quantitatively evaluate (via weighted rankings) stakeholder perceptions of how and to what extent policies can influence contaminated site management. The conceptual framework and mathematical model for policy evaluation for contaminated site management developed in this paper should be readily transferable to other political, social and economic settings, and allows:

•
Policy evaluation to be conceptually modeled in three dimensions, that include an institutional dimension (including stakeholders’ (e.g. regulators, practitioners and academic researchers) involvement); a temporal dimension (a larger policy process with relevant components covering policy formulation, policy implementation and policy outcome); and a geographical dimension (here, five cities in China, Beijing, Chongqing, Shanghai, Changsha and Chengdu, which were chosen as tests sites for policy evaluation).

•
Development of a policy evaluation model for contaminated site management based on the Likert Scale, fuzzy set theory and entropy weight, which can treat imprecision, ambiguity and uncertainty to quantitatively incorporate intangible indicators (e.g. the rationale of policy goals and the completeness of policy content) into the evaluation framework. Another obvious benefit of developing such a quantitative approach is the large scale comparative analysis of policy constitution such as policy instruments.
     One limitation of this study is that the research results have been largely derived from experts who work in universities and research institutions, whose view are more academic rather than technical (regulators’ views) and administrative (practitioners’ views). However, prior to subjective statement, their professional judgement can make up for reliability of the research results to some extent. By implementing the evaluation framework in five contrasting Chinese cities and analyzing feedback from stakeholders, the data indicate that:

•
Policy formulation, which is the premise of policy implementation and may largely influence policy outcome, does not have a direct causal effect on perception of policy outcomes in all cities. Policy implementation contributes the most weighting to the policy outcome, and shows, across all cities, the best performance. 

•
The 40 questions in the policy evaluation framework have a disproportionate impact on the final results: public outreach and education contributes the most with the highest weight (0.291, the mean weight is 0.025) followed by the completeness of the policy system (0.066). Information disclosure and public participation also impact highly with an influence factor of 0.048 and 0.042, respectively. 
•
The lack of a direct relationship between policy formulation, policy implementation and policy outcome scores in this study can be explained by higher stakeholder expectations on policy performance, the cognitive and knowledge difference of evaluators, and the unexpected gap between hypothetical policy scenarios and the real-life situation. 

•
Regional differences exist in which the role of policy components varies in contaminated site management. In general, Changsha and Shanghai have a relatively better performance in contaminated site management while Chongqing and Beijing are less-than-ideal compared to the other three cities. 

Undeniably, all of these cities have responded positively and actively to contaminated site issues. For example, Beijing and Chongqing have made great efforts to establish an effective policy framework, and Shanghai has successful experience in engineering implementation for large-scale contaminated site remediation. However, it should also be recognized that there remain areas for significant improvement, including in public outreach and engagement activities and qualifications and standards. Considering the directive role of policy formulation on the intended effects of a policy, there is a pressing need to improve the policy system and define regulations unambiguously in policy making. Other interventions based on the specific regional context, to remediate contaminated sites sustainably and reuse land safely, are suggested as follows but are not limited to: (1) improve the implementation capacity of environmental protection departments in Chengdu and Beijing; (2) enhance public awareness on soil protection, encourage public participation and make effective use of resources inputs in Changsha and Chongqing; (3) focus on remediating contaminated sites that are given preferential attention because of high risks in Shanghai.
It is estimated that under the 13th Five-Year Plan in China, the national government will earmark 15 billion RMB to support contaminated site remediation projects. According to the results of this study, four aspects – specifically public outreach and education, improved policy systems, information disclosure and public participation - contribute the most significantly to perceptions of policy performance, which therefore are strongly suggested to be preferably focused on during the 13th Five-Year period, along with rationalizing and improving policy formulation in a national standard approach. At the city level, locally-calibrated solutions on the basis of national policy are essential for effective policy implementation and better policy outcomes. 
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