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Abstract

:

Brownfield is post-industrial soil resulting from different anthropogenic activities and located in urban centers of cities. Due to the scarcity of urban land and the complexity of renovating old cities, and considering that brownfield research in Pakistan is still in its infancy, defining and evaluating brownfield is necessary for solving environmental issues and promoting sustainable development. Therefore, this study aims to develop a pioneer consensus-based brownfield definition, guidelines, and an evaluation index system to evaluate brownfield redevelopment in Pakistan. Initially, a comprehensive literature review was performed to gather key elements of brownfield definitions and create an evaluation index system. These indicators were further evaluated by different experts through the Delphi Method to develop a final questionnaire. Then, data were collected from relevant stakeholders. An illustrative example using three ideal schemes (housing society, eco-industrial park, and commercial market) is described to apply the evaluation index system. A new methodology combining Triangular Fuzzy Numbers (TFNs) and Grey Relational Analysis (GRA) was introduced to assess three ideal schemes. Finally, a pioneer brownfield definition, guidelines, and evaluation index system for brownfield redevelopment were developed, and a further index system was verified through an illustrative example. The standard brownfield definition, guidelines, and established index system is based on the Pakistani context. Due to changes in rules and regulation, and different land characteristics, these findings cannot be generalized to all developing countries. Therefore, further studies must validate the results in their own context. This study will foster brownfield redevelopment implementation in Pakistan and promote sustainable development.
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1. Introduction


Brownfield is often composed of degraded soils with a potential availability of contaminants that contribute to extensive pollution of the environment. There are more than 500,000 brownfield sites in the USA alone that need to be redeveloped, with an approximate clean-up cost of $650 million. Almost 800,000 sites have been perceived as brownfield in Europe, with an estimated remedial cost of about 115 billion euros. Generally, brownfield is considered post-industrial sites resulting from different anthropogenic activities and located in urban centers of cities. The scarcity of urban land, due to environmental constraints, means environmental policies have become stringent [1,2]. Redeveloping brownfield can support urban development and decrease the massive pressure on greenfield. However, due to the existence of contaminants and poor soil condition, redevelopment becomes complex [3]. Different kinds of brownfield sites face different problems; while some can be remediated easily, many others are vacant and underused for a long time. In developed countries, post-industrial is the common term used for brownfield of every type from contaminated industrial sites to former factory sites, usually located in declining areas of the city [4]. Due to the short history of industrialization in Pakistan, there is a low ratio of brownfield, but still, plenty of brownfield sites can be found in the form of former factories, buildings, railway areas, military areas, coalfields, and semi-urban and agricultural areas.



Pakistan is a developing country seventh in terms of world population, with 201 million residents. It is ranked the second largest economy in South Asia, with a GDP of about $988.2 million [5]. Environmental pollution and soil degradation are major problems in Pakistan, and the perception of brownfield is negative. In September 2015, the United Nations (UN) adopted 17 sustainable development goals (SDGs) to transform the world by 2030 [6]; these include a specific goal, SDG 11, for sustainable cities and communities (make cities and human settlements inclusive, safe, resilient, and sustainable). Considering these goals, brownfield redevelopment seems to be an effective approach to make Pakistani cities more sustainable. However, in 2017, Pakistan was ranked 122nd in the sustainable development goals (SDGs) global index, securing a score of 55.6, which is an alarming situation [7]. Brownfield is one of the major hurdles to the successful implementation of sustainable development and is contributing towards environmental pollution and also disturbing environmental integrity [8].



Compared to developed countries, there is little awareness of brownfield issues in Pakistan. Redeveloping brownfield for environmental sustainability is fairly limited and did not get public recognition. In fact, there is hardly any literature on this issue, and no official definition of brownfield is present. However, brownfield issues are capturing more attention in Pakistan due to different factors: Government implementation of a new solid waste and pollution management policy was introduced in 2016 under Sections 13 and 14 of the Pakistan Environmental Protection Act, 1997, named “Draft hazardous waste and hazardous substances rules (DHWHSE),” which noted the potential benefits associated with brownfield, such as economic value and improvement in social sustainability. DHWHSE (2016) focuses on overcoming financial dilemmas for the recovery of brownfield and to clean up hazardous substances. Moreover, it emphasizes how to deal with other critical issues associated with different kinds of brownfield, e.g., urban brownfield, former military areas, railway land, and post-industrial sites. The Provincial Sustainable Development Fund Rules (PSDFR) highlight the need to develop land pollution database, reduce ownership constraints, and establish a collaborative financial mechanism between federal, provincial, and local environmental authorities [9].



The abovementioned environmental and land policies are major driving forces that promote brownfield redevelopment in Pakistan. To reach a good position in the global SDGs index, it is necessary to take advantage of the plentiful benefits associated with brownfield and adopt it as a land use strategy in Pakistan. Therefore, an important first step is to understand these former sites, to foster the transformation of brownfield into greenfield, which is not easy to redevelop, is to define brownfield and develop a mechanism to evaluate brownfield in the Pakistani context. Brownfield is an evolving issue in Pakistan. Parties aiming to redevelop brownfield have to deal with certain problems. To understand site characteristics and different divisions (vacant land, underused land, contaminated land, hazardous land, abandoned land, etc.) of brownfield, there should be consistency in developing new procedures and a framework to deal with brownfield redevelopment. Considering this situation, a well-recognized and consensus-based brownfield definition is essential to avoid misunderstanding and develop a common set of words for every person involved in the brownfield redevelopment process [10]. More specifically, a lack of brownfield literature in Pakistan is also a stepping stone to developing a brownfield definition, guidelines, and an index system.



In fact, the poor evaluation and feasibility of brownfield reveal a major issue for those involved in the redevelopment process, which is related to understanding different site characteristics and divisions (vacant land, underused land, contaminated land, hazardous land, abandoned land, etc.) in order to achieve consistency that enables us to develop new procedures to better deal with degraded soil [10,11]. Therefore, it is necessary to bring all stakeholders to the table to develop a consensus-based brownfield definition to evade misunderstanding, but also to develop a common concept among all participants in the redevelopment process. Moreover, there is an increasing concentration on brownfield redevelopment due to the following factors: the introduction of a new environmental policy in 2016 (a national policy on solid waste management), scarcity of urban land in metropolitan cities, negative perception about brownfield, and urban sustainability issues.



In the last two decades, various evaluation approaches and index systems have been proposed to evaluate urban brownfield redevelopment including a life cycle inventory model [12], the rough set approach [1], the multi-attribute decision method (MADM) and analytical hierarchy process (AHP) [13,14], fuzzy real options [15], multi-criteria genetic algorithm [16], multi-hierarchical grey evaluation modeling [17], system dynamics model [18], general organizational logic model [19], GIS spatial analysis [20], spatial explicit algorithm assessment [21], grey cluster methods [22], emergy-based assessment [11], and structural equation modeling [23,24]. However, all these approaches were used to evaluate brownfield in developed countries, whereas less attention has been paid in developing countries like Pakistan. Zhu et al. integrated methodologies of fuzzy grey theory and data envelopment analysis to establish a project management theory-based framework to deal with brownfield issues in China [25]. However, this established framework is not validated; its application needs to be verified in different contexts, and there is a need for an evaluation index system.



Considering the studies mentioned above, it can be said that different countries adopt different practices to deal with brownfield and promote sustainable development. Due to differences in rules and regulations and the level of economic development, as well as different brownfield characteristics and levels of brownfield redevelopment adoption, the definition, guidelines, and evaluation index system developed by different developed countries cannot be generalized to developing countries. Therefore, this study tries to fill the gap by developing a brownfield definition, guidelines, and an index system combining Triangular Fuzzy Numbers (TFNs) and Grey Relational Analysis (GRA).



Therefore, this study empirically aims:




	
To develop a pioneer brownfield definition in the Pakistani context



	
To develop guidelines for brownfield redevelopment implementation



	
To develop an index system to evaluate brownfield redevelopment in Pakistan using a hybrid approach of GRA and TFNs.








This study contributes significantly to the literature in many perspectives. First, the established brownfield definition and guidelines can work as a foundation to promote brownfield redevelopment in Pakistan. Second, the evaluation index system for brownfield redevelopment will provide support for better decision-making considering different alternatives of redevelopment. Third, this study will be useful to help relevant departments with developing effective urban land use policies.



The study is organized as follows: Section 2 gives an overview of the relevant literature, Section 3 explains the research methodology and solution methodology; Section 4 presents the results and discussion; and Section 5 provide concluding remarks, research implications, and future research directions.




2. Literature Review


This section provides details about the theoretical framework, and relevant literature on BR, brownfield definitions, and the integrated methodology of TFNs and GRA.



2.1. Theoretical Framework


The stakeholder theory has its foundation in the organizational context and deals with moral and ethical values in the organization. The application of stakeholder theory to environmental issues is limited. Therefore, this study utilizes this theory to define and evaluate brownfield sites in the Pakistani context. The word stakeholder was initially introduced by Stanford Research Institute in 1963 and can be defined as “Any group who supports organization to cease to exit from the market.” Freeman presented the stakeholder theory in 1984 and defined the term stakeholder as “Any group or individual that can affect or is affected by the accomplishment of organizational goals.”



The brownfield redevelopment process poses different stakeholders. These can be different parties involving in decision-making about the brownfield redevelopment process, it is important to protect the right of each stakeholder to gain sustainable and desired results in the redevelopment process. Different stakeholders in the brownfield redevelopment process may include:



2.1.1. Government Bodies


The government is an important stakeholder in the brownfield redevelopment process due to having better information than other stakeholders. Different issues like information asymmetry and externalities make government more significant, and government supervision is essential to cope with such issues. The majority stake of the government is due to the following benefits: environmental quality improvement, improvement in infrastructure development, increase in employment, and tax and revenue collection.




2.1.2. Investors and Developers


Investors are the major source of capital, which is necessary to execute redevelopment activities and transform brownfield into sustainable sites for economic development.




2.1.3. Communities


In the market economic system, communities, brownfield landowners, and local citizens are also important parties. Ownership transfer for proper compensation is a major concern of owners. Treatment of pollutants and health risks are the issues focused om by communities.




2.1.4. Non-Governmental Organizations (NGOs)


NGOs aim to protect society and work for the public welfare. Environmental sustainability, healthy lifestyle, and improved educational infrastructure are the major issues of concern for NGOs.





2.2. Brownfield Redevelopment


The existence of brownfield not only creates environmental pollution and hazardous substances, but also results in a shortage of urban land, increasing crime, and economic pressure. Therefore, redeveloping brownfield should be given special consideration when implementing sustainable development. The main goal of brownfield redevelopment is to reduce urban sprawl, develop space for productive activities, and improve social image and the provision of public facilities without compromising quality of life. The European Urban Environment Brownfield Sustainable Development Plan (EUEBSDP) demonstrates that the sustainable use of brownfield land can decrease the pressure on greenfield and provide a solution to the shortage of urban land.



Moreover, it satisfies the needs of human beings by ensuring environmental, economic, and social sustainability. Dixon [26] suggests that brownfield redevelopment is one of the major sources of environmental sustainability as it reduces environmental pollution, utilizes renewable resources available at the site, and protects biodiversity and the natural environment. In the past, communities, governments, and investors were hesitant to engage in brownfield redevelopment due to its complexity. Moreover, different barriers including lack of capital, lack of a brownfield database, lack of cleanup standards, the complexity of rules and regulations, and uncertain conditions are hindering brownfield redevelopment. However, with the emergence of cleanup technologies, demand for urban land, and extensive focus on environmental issues, brownfield redevelopment has emerged as a significant environmental strategy.



Plentiful environmental, social, and economic benefits are attached to brownfield redevelopment [26,27,28,29,30,31]. After a comprehensive literature review, this study summarized brownfield redevelopment benefits as shown in Figure 1.




2.3. Overview of Brownfield Definition


Generally existing in central locations of the city or along the waterfront and equipped with existing infrastructure, brownfield is environmentally depleted land that requires redevelopment for productive usage and connection to the natural environment [32]. However, transforming brownfield sites as part of a sustainable environmental policy is capturing attention globally, increasing the trend of redeveloping brownfield while keeping the environment preserved. There is a lack of understanding about the definition of brownfield, but also misconceptions about different kinds of brownfield, which is generally due to the following three factors:



The first is the association of multiple words like vacant, contaminated, hazardous, underused, and polluted with a single word, brownfield. For example, Tyman defined brownfield as “Post-industrial sites.” Ekman counters that, since 1990, the definition has rapidly advanced to incorporate different kinds of sites along with post-industrial sites [33].



Secondly, the emergence of different words to define the concept of brownfield has increased the number of terms, subdivisions and typologies in play (Table 1).



Third, multiple definitions of brownfield have emerged in different countries (Table 2).



According to De Sousa, different brownfield land characteristics like derelict, post-industrial, and contaminated are synonymous with the term brownfield in the USA and Canada [35]. However, brownfield being perceived as spaces caused by the abandonment of industrial sites not only due to socioeconomic changes, but also due to the poor performance of the industrial sector, somehow got recognition, and researchers more or less agreed [33]. There is much more ambiguity about the definition of brownfield, which gives rise to contradictions geographically and between scholars. Alker et al. pointed out that the lack of a universally accepted brownfield definition has consequences in terms of there being multiple interpretations of the term [10].



One of the major arguments among researchers is about the absence or presence of pollutants on brownfield sites. The degree of pollutants influences the definition of brownfield. Ekman and the U.S. EPA indicated the presence or potential presence of contaminants, hazardous materials, or pollutants, or at least a degree of pollutants [43]. Though a brownfield site may be clean, the potential presence of contaminants makes it brownfield. This idea is also affirmed by POST, which explains that “not all brownfields are pollutants or derelict” [38]. Franz et al. [44] opposed the definition given by Ekman and did not associate contaminants with brownfield.



The abovementioned discrepancies make the term brownfield more ambiguous. However, the existence or non-existence of pollutants is a necessary element for the transformation of these sites; as indicated by several researchers, if no significant pollutants are found, the site value increases, allowing more chances for redevelopment, whereas if pollutants are found, the site value decreases [32].



Public perception about brownfield also varies. Some people perceive it as an opportunity for recreational activities, and some consider it dangerous to human life [10,32]. Based on the work of Alker, Joy, Roberts and Smith [10], Tarawneh [45] and Loures and Vaz [27] developed a brownfield classification in Europe and Middle East as shown in Figure 2 and Figure 3. Considering the discrepancies of brownfield definitions, as mentioned in the above literature, it is necessary to develop a brownfield definition through a consensus of all stakeholders in the Pakistani context.



It is clear from the above discussion and Table 1 and Table 2 that the current definitions of brownfield vary among countries (sometimes even within countries) according to the suitability of stakeholders. However, these definitions cannot be adopted in the same form due to the changes in rules and regulations, brownfield characteristics, supply, and demand for brownfield. Therefore, it is necessary to develop a consensus-based brownfield definition and guidelines for developing countries, especially for Pakistan. A consensus-based brownfield definition and guidelines will be helpful for developing urban land use policy and fostering urban sustainability in developing countries, especially in Pakistan.




2.4. Assessing Brownfield Redevelopment through GRA and TFNs


GRA has been widely utilized by researchers to make decisions about different alternatives in a specific situation. It has been recommended as a system to identify the factors affecting a system. Moreover, this method is more effective due to its ability to describe a qualitative index with the help of quantitative values while deciding about different alternatives. Therefore, GRA reduces complexity and makes it easy to quantify qualitative indicators. However, judging the fuzzy characteristics of a qualitative index is complicated and not easy to determine. Different engineering and social science researchers resolved this complication by introducing fuzzy theory into the GRA.



This method also gives a solution for the calculation of perceived relative distance between two fuzzy numbers (FNs) to find the single characteristic relational coefficient value [47,48]. The product of the determined value of coefficient and weighting coefficient leads us to obtain a grey relational degree for each alternative. The numerical order of grey relational degree helps us to choose an ideal scheme. However, a combination of FNs and GRA still has deficiencies because it utilizes a defuzzification method to calculate the relational coefficient and find a correlation between two numbers by employing the relative distance of two points rather than taking its algorithm [49].



TFNs are commonly used in fuzzy theory due to their ability to describe linguistic variables in studies and the ease of use in operations and size comparison [48]. As fuzzy language can also be present in the evaluation index of brownfield redevelopment, this study utilizes TFNs to collect data on different qualitative evaluation indicators of brownfield redevelopment. Moreover, conversion of the fuzzy index into TFNs also helps the study to calculate the grey relational coefficient. Integration of TFNs and grey relational coefficient leads us to obtain a fuzzy relational coefficient through the operation and sorting method of TFNs. By making a comparison of the fuzzy relational coefficient for each scheme, an ideal scheme can be selected that proves the establishment of a comprehensive evaluation framework for brownfield redevelopment.





3. Methodology


This section provides a step-by step study approach and explains the development of the questionnaire, data collection, and solution methodology to develop an evaluation index system for BR.



3.1. Research Methodology


This study aims to develop a standard definition, guidelines, and evaluation index system for brownfield in developing countries, especially in Pakistan. To achieve the objective, this study first performed a comprehensive literature review for brownfield definition, guidelines, and evaluation index system indicators. Then, the Delphi Method was used to screen out the indicators for the final questionnaire. Finally, stakeholder response was collected through a structured questionnaire. A step-by-step study approach is shown in Figure 4.



A comprehensive literature review was performed to investigate the concept of brownfield in different contexts. However, a consensus-based universal definition is still lacking, and the brownfield term is understood differently in different countries. In Pakistan, it is an unfamiliar term or correlated with other terms. Therefore, it is necessary to depend on the international literature to develop a consensus-based brownfield definition. Due to the unfamiliarity of the concept, the selection of respondents was a difficult task.



Moreover, the selection of an appropriate sampling technique was also an issue. A combination of three sampling techniques including purposive, judgment, and snowball was considered to collect data from different stakeholders as mentioned above. Judgment sampling technique relies heavily on the researcher’s experience in a specific area of research and the snowball sampling technique is a reference-based technique where respondents can identify other respondents to give an appropriate response. Before proceeding to data collection, pilot testing was performed to check respondents’ knowledge about brownfield. Some simple questions were asked including (1) Are you familiar with brownfield? and (2) Do you know about the remediation of contaminated land for sustainable development? The respondents were eligible to give response in case of certain scores obtained in pilot testing. Therefore, the purposive sampling technique was chosen based on the subjective judgment of the researcher to get appropriate respondents.



A survey-based questionnaire was developed to get information from relevant stakeholders. The questionnaire was composed of three sections. The first section includes general and demographic information; the second section includes questions related to possible elements of the brownfield definition, and the third section includes different evaluation indicators of BR. Initially different elements of the brownfield definition were explored from the published literature as shown in Table 1 and Table 2 [10,38,50,51], and different evaluation indicators were also identified [23,24,52,53,54,55,56,57,58]. Following the Delphi Method, as suggested by different researchers in the management sciences research [59], a group of experts screened a primary set of brownfield definition elements and evaluation indicators to develop the questionnaire.



Finally, a total of 10 brownfield definition elements were screened out, including (1) vacant, (2) abandoned, (3) hazardous, (4) buildings, (5) derelict, (6) underused, (7) pollutant, (8) post-industrial, (9) urban, and (10) idle. Twenty-three indicators were screened (out of 33 initially proposed) to develop a comprehensive evaluation index to evaluate BR. Moreover, different questions regarding the development of brownfield guidelines were also added. These questions included 1) Is there any brownfield database available in the country? and 2) What are the different benefits associated with brownfield? (The key benefits, adopted from previous studies, included infrastructure, recreational, economic, health and safety, and environmental benefits. [27]) 3) Describe the department and authorities responsible for dealing with brownfield issues (an open-ended question). For the last question, respondents had the freedom to give an open response to developing brownfield guidelines and a database, which were included in the proposed guideline section.



All the questionnaires were distributed between July 2016 and December 2016. Master’s-level university students were recruited for nominal remuneration to collect data from stakeholders. A total of 500 questionnaires were distributed, and 140 (government institutions = 57, public and private investors and developers = 33, local citizens = 38, NGOs = 12) were returned, a 29% response rate. The response rate was too low due to the unfamiliarity of the term brownfield in Pakistan. This also underscores the significance and generalizability of this research.




3.2. Solution Methodology for the Evaluation Index System


3.2.1. The Basic Definition of TFNs


The domain of V is denoted by a real number in the closed interval [0,1], where   v ∊ V ,    μ  A ˜   ( V )  , can be represented as the membership function


   μ  A ˜   : V → [ 0.1 ] , v  |  →  μ  A ˜   ( v )   .  











Let a fuzzy number A in the subset of a real number with membership function    μ N  : V → [ 0 , 1 ]   be described in this form:


   μ A  ( x ) =  {     1  k − x   x −  l  k − l   , x ∈ [ l , k ]      1  k − v   x −  v  k − v   , x ∈ [ k , v ]     0 , x ∈ ( − ∞ , l ] ∪ [ v , + ∞ )     .  



(1)







Let a triplet   ( l , k , v )   be known as TFNs. The fuzzy number can be transformed into TFNs, where  l  is indicated as the lower value,  v  shows the upper value, and  k  is the mid-value in which the membership value function of TFN is equal to 1. Therefore, in terms of TFN, A can be described as,   A ( l , k , v )  . In light of the above description, the fuzzy number can be expressed as   K 1 = ( l 1 , k 1 , v 1 ) , K 2 = ( l 2 , k 2 , v 2 )   and the different operational rule of numbers   K 1   and   K 2   can be expressed as follows:




	(1)

	
Summation Operation   K 1 + K 2 = ( l 1 + l 2 , k 1 + k 2 , v 1 + v 2 )  




	(2)

	
Product Operation:   K 1 ⊗ K 2 ≈ ( l 1 l 2 , k 1 k 2 , v 1 v 2 )  




	(3)

	
Reciprocal Operation:    1 A  ≈ (  1 v  ,  1 k  ,  1 l  )  









Other algorithms can be extended based on earlier algorithms.



Based on the above algorithms, other algorithms can be deduced.




3.2.2. Sorting of TFNs


To sort fuzzy numbers, Lee and Li recommended using average and standard deviation. In the case of high average and low standard deviation of a fuzzy number, its rank is considered high [60]. The distribution of the ratio of TFNs can be described in the form of     r ˜  i  ( d , e , f ) , i = 1 , 2 , 3 , … , n .   To calculate the average    x ¯  (   r ˜  i  )   and standard deviation   σ (   r ˜  i  )  ; the following formula can be used:


   x ¯  (   r ˜     i    ) =  1 4  ( d + 2 e + f )  



(2)






  σ (   r ˜  i  ) =  1  80   ( 3  d 2  + 4  e 2  + 3  f 2  − 4 d e − 2 d f − 4 e f )  



(3)







For size comparison of fuzzy numbers, the rule can be described as follows:


  if    x ¯  (   r ˜  i  ) >  x ¯  (   r ˜  j  )   then     r ˜  i  >   r ˜  j  ,  










  if    x ¯  (   r ˜  i  ) =  x ¯  (   r ˜  j  ) , σ (   r ˜  i  ) > σ (   r ˜  j  )   then     r ˜  i  >   r ˜  j  .  












3.2.3. Combining GRA and TFN


Following the principle of grey system theory as founded by [61], the comparative sequence,    S i  ( j ) = {  S i  ( 1 ) ,  S i  ( 2 ) , … ,  S i  ( n ) }  , here  i    ( i = 1 , 2 , … n )   indicates the number of different alternatives and  j    ( j = 1 , 2 , … n )   points out the numbers in each alternative.    S i  ( j )   presents the index of  j  numbers in an alternative  i ; however, for the description of the reference sequence,    S 0  ( j ) = {  C 0  ( 1 ) ,  C 0  ( 2 ) , …  C 0  ( n ) }  , where   (  C 0  ( j ) , j = 1 , 2 , … n )   indicates the index of no.  j  of the reference sequence. Based on the comparative sequence and reference sequence, the coefficient of relational degree can be obtained as shown in Equation (4):


  ξ ( j ) =     min  i      min  j   |   S 0  ( j ) −  S i  ( j )  |  + ρ     max  i      max  j   |   S 0  ( j ) −  S i  ( j )  |     |   S 0  ( j ) −  S i  ( j )  |  + ρ     max  i      max  j   |   S 0  ( j ) −  S i  ( j )  |    .  



(4)







Although the comparative sequence index    S i  ( j )   and a reference sequence index    S 0  ( j )   are useful to an extent, it is still complicated to integrate fuzzy numbers into GRA. To solve the problem of fuzziness in the integration of grey relational coefficient into a fuzzy number, Rui introduced a way to transform the fuzziness in index into a certain value to obtain the required results by using Equation (4) [62].



Although this is an easy approach, the results are not consistent due to the existence of fuzziness in an index. The fuzzy grey relational coefficient method provides the solution to the problem of fuzziness by combining fuzzy theory with grey relational theory. Therefore, after combing fuzzy and grey relational theory, the comparative sequence is described as    S i  {  A i  (  l j  ,  k j  ,  v j  ) }   and TFN is described as    A i  (  l j  ,  k j  ,  v j  )  , where index j represents an alternative  i  in the reference sequence     0   . By using Equation (5), the fuzzy correlation coefficient in the index    A i  (  l j  ,  k j  ,  v j  )   can be obtained as follows:


   ξ i  ( j ) =     min  i      min  j   |   A o  (  l j  ,  k j  ,  v j  ) −  A i  (  l j  ,  k j  ,  v j  )  |  + ρ     max  i      max  j   |   A o  (  l j  ,  k j  ,  v j  ) −  A i  (  l j  ,  k j  ,  v j  )  |     |   A o  (  l j  ,  k j  ,  v j  ) −  A i  (  l j  ,  k j  ,  v j  )  |  + ρ     max  i      max  j   |   A o  (  l j  ,  k j  ,  v j  ) −  A i  (  l j  ,  k j  ,  v j  )  |    .  



(5)







With the help of Equation (5), operation rule and ranking method solve the problem of maximum, minimum and arithmetic operation of TFN. The resolution ratio can be described here as   ρ ∈ ( 0 , + ∞ )  . If the resolution ration is smaller, the resolution capability will be greater (general   ρ ∈ ( 0 , 1 )   and more general   ρ = 0.5  ).




3.2.4. Establishment of an Index System to Evaluate BR


GRA solves the problem of relative metrics between factors affecting a system. This analysis is based on a relatively objective method to evaluate the weight of an index. Moreover, this methodology requires little information and a low data size for ideal alternative selection.



Moreover, another benefit to making this kind of analysis suitable for ideal alternative selection is the requirement of small data size and little information. Rui and Jiatai [63] established a hierarchal evaluation model using GRA and calculated the relational coefficient after transformation of the fuzzy index into a certain value using Equation (4).



This study follows different steps to establish an index system based on grey relational theory and TFNs:



In the first stage, three different alternatives were suggested for brownfield redevelopment including the housing society, an eco-industrial park, and a commercial market.



In the second stage, a comprehensive literature review was performed to establish an index system for BR. Through the Delphi Method, different indicators of the index were evaluated by different experts to develop a final questionnaire.



Data were obtained from different stakeholders involved in the brownfield redevelopment process.



After obtaining responses from different stakeholders, we collected data through a fuzzy index and transformed them into TFNs with the help of an index value sequence that further leads to obtaining comparative sequence    S i  ( j ) = {  A i  (  l j  ,  k j  ,  v j  )  |  j = 1 , 2 , … , n }    .



Then, the principle of comparability was utilized to calculate the value of the reference sequence using    S 0  ( j ) = {  N 0  (  l j  ,  n j  ,  v j  )  |  j = 1 , 2 , … , n }   .   The next step is to make the index non-dimensional. Due to the difference in indicators, comparing every sub-index is difficult. Therefore, it is necessary to make the index dimensionless with the help of Equation (6):


     X i  ( j ) =  X i  {  x i  (  c j  ,  f j  ,  t j  ) } =    S i  ( j )    S j    =    A i  (  l j  ,  k j  ,  v j  )    S j       










   S j  =  1  n + 1     ∑  i = 1  n    A i  (  l j  ,  k j  ,  v j  )   ( i = 1 , 2 , … n , j = 1 , 2 , … n ) .  



(6)







This step brings the non-dimensional reference sequence and comparative sequence together to calculate the grey correlation coefficient having TFNs.



Finally, this stage leads to decision-making about different alternatives for BR. First, the weights    ω j    of the developed index system for brownfield redevelopment were obtained by using an Analytical Hierarchy Process (AHP). Then Equation (6) was used to calculate the fuzzy correlation coefficient. Finally, the overall fuzzy correlation degree of the abovementioned alternatives was obtained with the help of Equation (7):


   γ i  =   ∑  j = 1  n    ω j   ε i  (  c j  ,  f j  ,  t j  ) ( i = 1 , 2 , … n )   .  



(7)










4. Results and Discussion


This section describes the findings on the development of a standard brownfield definition, guidelines, and an evaluation index system for BR.



4.1. Developing a Brownfield Definition


Respondents were asked to select the most important element that should be part of the definition of brownfield in Pakistan. Figure 2 shows the proportion of the importance of every element as follows:



Vacant (26%), environmental pollutant (22%), and urban area (18%) scored the highest, while derelict (12%) scored slightly lower; underuse, post-industrial, abandoned, buildings, idle, and hazardous scored lower.



Different brownfield definition elements defined by previous research [10,38,50,51] were used as the basis for developing a consensus-based definition in the Pakistani context. In developing a pioneer definition, it is important to consider all relevant aspects. Although there are already well-accepted terms associated with brownfield land like empty, derelict, and polluted, these can create confusion and thus are a constraint on the development of a pioneer brownfield definition in this country. After considering the international literature, expert opinion, and stakeholders’ data, the pioneer consensus-based brownfield definition for Pakistani context can be proposed as follows:


“Brownfield land is infilled sites that generally exist in urban centers, where remedial activities are required before development; it may be:




	(1)

	
environmentally polluting (with a potential for hazardous substances due to former industrial applications),




	(2)

	
vacant (currently not in use and available for remedial action), or




	(3)

	
derelict (land that is damaged by former industrial activities and cannot potentially contribute to sustainability without being remediated”













Stakeholders’ responses regarding different elements of the brownfield definition are shown in Figure 5. Results show that environmental pollutants contribute more to the standard definition of brownfield in Pakistan in comparison with derelict, idle, or hazardous, which proves the need for a brownfield definition in the developing country context because idle and derelict are two of the most consistent elements of previous brownfield definitions in developed countries [34,35,36,37,38,39,40,41].




4.2. Proposed Guidelines


Brownfield issues are in their infancy in Pakistan. Therefore, it is important to follow different guidelines from international literature and stakeholders. The proposed guidelines are given below:




	
As this study developed a consensus-based brownfield definition in the Pakistani context, the proposed definition needs wide acceptance from relevant local, provincial, and federal authorities. Moreover, initiatives should be taken to include the established definition in the national legislation to promote its standard use across the country [64].



	
An established evaluation index should be incorporated to evaluate BR. Due to the complex nature of the BR process, this index can be used to evaluate different alternatives regarding the redevelopment of brownfield. This indexing system integrated ecological, social, political, economic, recreational, accessibility, and brownfield site-based indicators. Therefore, this index system needs to be evaluated for different kinds of brownfield, e.g., urban, railway, mining, and coastal.



	
Most of the stakeholders indicated of the need for a brownfield database. Therefore, this research recommends developing a brownfield database to foster brownfield redevelopment in Pakistan. However, there should be special consideration of different aspects regarding a brownfield database, which include: the location of brownfield, connected public infrastructure, previous use, nature of hazardous substances or pollutants at brownfield sites, the proposed plan, the estimated cost of remediation, and geotechnical conditions. The details about the need for a brownfield database are shown in Figure 6.



	
Regarding the question of the benefits associated with brownfield redevelopment, the majority of stakeholders mentioned environmental benefits, as brownfield redevelopment decreases pollution and improves the environment. Therefore, considering the alarming situation of brownfield in Pakistan, brownfield redevelopment should be implemented to get rid of environmental pollution in city centers. The stakeholders’ responses regarding the benefits of brownfield redevelopment are shown in Figure 7.



	
In response to the question about responsible authorities regarding brownfield redevelopment, most of the stakeholders considered the Environmental Protection Agency and local government as responsible authorities to promote brownfield redevelopment in Pakistan. These institutes also need cooperation from other supportive institutes including urban planning institutes, planning and development departments, sustainable land management programs, and land record authorities. Stakeholders’ responses regarding the responsible authorities to deal with brownfield issues are shown in Figure 8.



	
Local and federal authorities should collaborate to develop policy on the successful implementation of brownfield redevelopment. In the case of cities, local municipalities should create sub-units to control brownfield issues effectively [65]. Communities have the most significant role in the brownfield redevelopment process as they are the ultimate users. Awareness-based seminars and campaigns should be organized to foster public participation in the brownfield redevelopment process [66].









4.3. Application of Established Brownfield Redevelopment Evaluation Index through an Illustrative Example


Suppose that a government is interested in redeveloping a brownfield site and has to judge three different alternatives according to the suitability of the land. This process starts with an overview of a brownfield site and develops different alternatives/schemes. A comprehensive index system of brownfield redevelopment evaluation considering three different alternatives was applied. Although there may be many potential alternatives to redeveloping the brownfield, considering the shortage of urban land for housing, commercial activities, and sustainability initiatives in the Pakistan land market situation, the three proposed alternatives are:



A1: Building a housing society;



A2: Establishing an eco-industrial park;



A3: Building a commercial market.



First, the proposed index system (with sub-indexes) was presented. Then, different stakeholders were requested to evaluate the three abovementioned alternatives with the fuzzy linguistic terms (SD, DA, NE, AG, and SA), as shown in Table 3. For the application of the proposed evaluation index system, the response in the form of fuzzy linguistics terms was transferred to corresponding TFNs. An example of the response from an expert is shown in Table 4.



The transformation of the fuzzy index into TFNs further leads to obtaining a comparative sequence. After that, we chose a reference sequence and implemented the dimensionless method with regards to both the comparative sequence and the reference sequence. Table 5 shows the application of the dimensionless method and the final values of the reference sequence. Then, we inserted all the values of the reference sequence and comparative sequence obtained through a dimensionless method in Equation (6). This led to calculating the fuzzy grey relational coefficient for each scheme and values are shown in Table 5.



Now, following the guidelines of Mu and Zhang [62], weights were calculated through the approach of the hierarchal house of quality:   {  ω i  , i = 1 , 2 , 3 , … , 23 } =   {0.134, 0.023, 0.062, 0.062, 0.062, 0.089, 0.216, 0.145, 0.356, 0.126, 0.098, 0.785, 0.123, 0.145, 0.456, 0.897, 0.156, 0.435, 0.345, 0.989, 0.178, 0.062, 0.793}.



Now, we insert the fuzzy grey relational coefficients and index weights into Equation (7) to calculate the overall fuzzy relational degree. It can be calculated as follows:


   γ 1  =   ∑  i = 1   23     ω i   ε 1  (  c i  ,  k i  ,  v i  ) =   ( 0.268 , 0.889 , 2.775 )  










   γ 2  =   ∑  i = 1   23     ω i   ε 2  (  c i  ,  k i  ,  v i  ) = ( 0.221 , 0.772 , 2.014 )    










   γ 3  =   ∑  i = 1   23     ω i   ε 3  (  c i  ,  k i  ,  v i  ) =   ( 0.224 , 0.672 , 2.489 ) .  











Using the sorting method of the TFN sequence, the final alternative can be chosen as follows:


   γ 1  >  γ 3  >  γ 2  .  











The final results show that Alternative 1 (A1) can be chosen as the best one in comparison to the other two alternatives. Therefore, developing a housing society is the best solution for brownfield redevelopment in comparison with the eco-industrial park and commercial market.





5. Conclusions


Urban sustainable development has emerged as an important planning tool. Brownfield redevelopment, as a concrete application of sustainable development, is getting attention from academia, industrialists, urban planners, and environmental protection agencies. Considering the soil pollution and the necessity of land for development projects, redeveloping brownfield can foster sustainable development. BR is considered a successful urban land use strategy in developed countries and special attention has been given to brownfield issues in last decade. However, brownfield issues are still in their infancy in developing countries, especially in Pakistan. Therefore, this research aims to develop a standard brownfield definition and an evaluation index for brownfield redevelopment in Pakistan. Based on the findings of this study, the following conclusions can be drawn: First, the established brownfield definition considered environmental pollutants, vacant, and derelict as the most significant elements. Second, different guidelines have been proposed to deal with brownfield issues, including 1) Established brownfield definition should be given wide acceptance by all stakeholders; 2) established evaluation index system should be formally utilized to evaluate different kinds of brownfield; 3) brownfield database should be founded; 4) due to the multiple environmental, economic, and social benefits, BR should be considered a sustainable land use policy; 5) local, provincial, and federal authorities should collaborate with each other for successful implementation of BR. Finally, the established evaluation index system was validated with a hypothetical example.



Generally, the prevailing issue during brownfield redevelopment is to complete the appropriate planning for a brownfield site, which could be beneficial to all stakeholders. The developed brownfield definition and index system can be used as a reference, and other researchers from different countries can use the same procedure to develop their definition and index system by adding or deleting some indicators. This research suggests that removing environmental contamination from the site is not the only way to deal with brownfield but well-structured and interdisciplinary planning is necessary to overcome redevelopment barriers.



Protecting the benefits of all stakeholders is a critical issue. Therefore, the federal government and local municipalities should adopt a consensus-based definition and implement the comprehensive evaluation index system to evaluate brownfield and expedite urban sustainable development. Financing dilemmas are often a barrier to such projects. Therefore, the relevant authorities should play a vital role in attracting investors locally and globally. Local citizens and the local government have key roles to play in the brownfield redevelopment process. Private investment should also be encouraged.



Moreover, public‒private partnership (PPP) can be promoted to invest in brownfield sites. The government should also give out subsidies and incentives to investors and mandate a certain amount of investment from urban development projects. Although conflict can occur due to the involvement of multiple stakeholders, inter-government collaboration can expedite the decision-making process to achieve remediation objectives. The implications of this study are also significant for developing economies due to different sustainable development goals.



The current study is based on a survey of major stakeholders involved in the brownfield redevelopment process in Pakistan. These results are based on the perceptions of stakeholders, and measurement-based results can be different. Multi-group analysis can give more insights about different stakeholders. Moreover, the results of the current study, including the establishment of a standard brownfield definition and evaluation index system, can be verified in other developing countries. Analyzing barriers to brownfield redevelopment is a research project for the future. Brownfield risk assessment using different modern approaches and MCDM approaches is still underexplored. Effective utilization of renewable resources on brownfield sites is also advantageous but still uncovered in the literature. It is important to address barriers to renewable energy resources on brownfield sites due to the scarcity of energy resources in developing countries.
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Figure 1. Benefits of brownfield redevelopment. 
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Figure 2. Subdivisions of brownfield [46]. 
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Figure 3. Brownfield classification [10,45]. 
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Figure 4. Step-by-step study approach. 
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Figure 5. Elements of brownfield definition in Pakistan. 
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Figure 6. The need for a brownfield database. 
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Figure 7. Key benefits associated with brownfield. 
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Figure 8. Responsible departments and authorities to deal with brownfield issues. 
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Table 1. Subdivisions of brownfield.
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(NRTEE, 2003)

	
Urban Mines Limited, (Alker et al., 2000)

	
(POST, 1998)

	
(NLUD-PDL, 2007)






	
1. Abandoned commercial land with known pollutants

	
1. Vacant, available for immediate use

	
1. Contaminated sites

	
1. Previously developed land but now vacant




	
2. Abandoned industrial land with known pollutants

	
2. Vacant, partially occupied or utilized, available for immediate use




	
3. Abandoned commercial land with suspected pollutants

	
3. Vacant, requiring intervention




	
4. Abandoned industrial land with suspected pollutants

	
4. Derelict, requiring intervention

	
2. Vacant buildings




	
5. Contaminated, requiring intervention

	
2. Derelict sites




	
5. Idle commercial land with known pollutants

	
6. Vacant and derelict, requiring intervention




	
6. Idle industrial land with known contaminant

	
7. Vacant and contaminated, requiring intervention




	
7. Idle commercial land with suspected pollutants

	
8. Vacant, derelict and contaminated, requiring intervention

	
3. Sites with poor ground condition

	
3. Derelict land and buildings




	
9. Derelict and contaminated, requiring intervention




	
8. Idle industrial land with suspected pollutants

	
10. Vacant, partially occupied or utilized, requiring intervention




	
9. Underused commercial land with known pollutants

	
11. Derelict, partially occupied or utilized, requiring intervention

	
4. Underutilized sites

	
4. Land or buildings currently in use and allocated in local plan




	
10. Underused industrial land with known pollutants

	
12. Contaminated, partially occupied or utilized, requiring intervention




	
11. Underused commercial land with Suspected pollutants

	
13. Vacant and derelict, partially occupied or utilized, requiring intervention




	
14. Vacant and contaminated, partially occupied or utilized, requiring intervention

	
5. Vacant sites




	
12. Underused industrial land with suspected pollutants

	
15. Vacant, derelict and contaminated, partially occupied or utilized, requiring intervention

	
5. Land or building currently in use with known potential for redevelopment




	
16. Derelict and contaminated, partially occupied or utilized, requiring intervention
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Table 2. Definitions of brownfield from different countries.
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	Country
	Source
	Definition





	USA
	USEPA [34]
	“Abandoned, idled, or under-used industrial and commercial facilities where expansion or redevelopment is complicated by real or perceived environmental contamination.”



	Canada
	De Sousa [35]
	“Abandoned, idle or underused commercial or industrial sites where previous activities have caused environmental contamination, but where there is an active potential for redevelopment.”



	Europe
	Ferber et al. [36]
	“Currently derelict or underused sites which have been affected by former uses of the site or surrounding land; they are mainly located in fully or partly developed urban areas and may have real or perceived contamination problems thus require intervention to bring them back to beneficial use.”



	
	Cabernet [37]
	“A site that has been affected by former uses of the site or surrounding land, is derelict or underused, mainly in fully or partly developed urban areas, require intervention to bring it back to beneficial use; and may have real or perceived contamination problems.”



	UK
	Post [38]
	“Brownfield sites are buildings and land either now vacant, or that could become vacant or suitable for development, during a relevant [development]plan period.”



	France
	Darmendrail [39]
	“A space that has been temporarily abandoned following the cessation of activity (agricultural, protoindustrial, service, processing, military defense, storage or transport) and that needs to be reclaimed for future use.”



	Germany
	Freier [40]
	“Abandoned pieces of land, mainly in inner cities, which are often blocked for economic development due to their ecological and economic risks.”



	Australia
	Newton [41]
	“A brownfield site is one which has been urbanized or used industrially, subsequently vacated and available for re-urbanization.”



	South Africa
	Potts and Cloete [42]
	“A brownfield site is infill land or premises where remedial action is required before redevelopment. It may also be vacant, derelict or contaminated. No specific land use is attributed.”
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Table 3. Fuzzy index and corresponding TFNs.
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	Linguistic Terms
	Abbreviation
	TFNs





	Strongly Disagree
	SD
	(0,1,2)



	Disagree
	DA
	(2,3,4)



	Neither Disagree nor Disagree/Neutral
	NE
	(4,5,6)



	Agree
	AG
	(6,7,8)



	Strongly Agree
	SA
	(8,9,10)










[image: Table] 





Table 4. Comprehensive evaluation index system.
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Comprehensive Evaluation Index System

	
Fuzzy Index

	
Corresponding TFNs




	
Main Index

	
Code

	
Sub-Index

	
S1

	
S2

	
S3

	
S1

	
S2

	
S3






	
Ecological Benefits

	
EB1

	
Improve water quality

	
AG

	
SD

	
AG

	
(6,7,8)

	
(0,1,2)

	
(6,7,8)




	
EB2

	
Improve soil quality

	
SA

	
DA

	
AG

	
(8,9,10)

	
(2,3,4)

	
(0,1,2)




	
EB3

	
Promote conservation of natural resources

	
AG

	
DA

	
SD

	
(6,7,8)

	
(2,3,4)

	
(0,1,2)




	
EB4

	
Improve the use of renewable energy resources

	
DA

	
AG

	
DA

	
(2,3,4)

	
(6,7,8)

	
(2,3,4)




	
Health Benefits

	
HB1

	
Public health quality improvement

	
SA

	
AG

	
DA

	
(8,9,10)

	
(6,7,8)

	
(2,3,4)




	
HB2

	
Reduce stress

	
AG

	
AG

	
SD

	
(6,7,8)

	
(6,7,8)

	
(0,1,2)




	
HB3

	
Increase opportunities for physical activities

	
AG

	
AG

	
SD

	
(6,7,8)

	
(6,7,8)

	
(0,1,2)




	
Financial & Economics benefits

	
FEB1

	
Increase in nearby properties value

	
NE

	
DA

	
SA

	
(4,5,6)

	
(2,3,4)

	
(8,9,10)




	
FEB2

	
Enhancement of new economic activities

	
SA

	
DA

	
SA

	
(8,9,10)

	
(2,3,4)

	
(8,9,10)




	
FEB3

	
Net present value (NPV)

	
AG

	
AG

	
AG

	
(6,7,8)

	
(6,7,8)

	
(6,7,8)




	
FEB4

	
Return on investment (ROI)

	
AG

	
AG

	
DA

	
(6,7,8)

	
(6,7,8)

	
(2,3,4)




	
FEB5

	
Increase in tax collection

	
DA

	
AG

	
SA

	
(2,3,4)

	
(6,7,8)

	
(8,9,10)




	
Location & Accessibility

	
LA1

	
Geographical location of brownfield

	
SA

	
SD

	
DA

	
(8,9,10)

	
(0,1,2)

	
(2,3,4)




	
LA2

	
Size of brownfield

	
AG

	
SD

	
AG

	
(8,9,10)

	
(0,1,2)

	
(6,7,8)




	
LA3

	
Accessibility to basic facilities

	
SA

	
SA

	
AG

	
(8,9,10)

	
(8,9,10)

	
(6,7,8)




	
Social & Recreational Benefits

	
SR1

	
Decrease in crime frequency

	
SA

	
DA

	
DA

	
(8,9,10)

	
(2,3,4)

	
(2,3,4)




	
SR2

	
Enhancement of hobbies and leisure

	
SA

	
AG

	
SD

	
(8,9,10)

	
(6,7,8)

	
(0,1,2)




	
SR3

	
Encourage educational activities

	
AG

	
SD

	
SD

	
(6,7,8)

	
(0,1,2)

	
(0,1,2)




	
Technical and Public Benefits

	
TP1

	
Reduce impact from hazardous substances in surroundings

	
DA

	
AG

	
AG

	
(2,3,4)

	
(6,7,8)

	
(6,7,8)




	
TP2

	
Investment interest in brownfield

	
SA

	
DA

	
DA

	
(8,9,10)

	
(2,3,4)

	
(2,3,4)




	
TP3

	
Satisfaction of investment in brownfield redevelopment

	
SA

	
DA

	
DA

	
(8,9,10)

	
(2,3,4)

	
(2,3,4)




	
Brownfield Redevelopment Performance

	
BP1

	
Redevelopment is matching with municipal planning

	
AG

	
DA

	
AG

	
(6,7,8)

	
(2,3,4)

	
(6,7,8)




	
BP2

	
Improvement in community and government image

	
NE

	
AG

	
DA

	
(4,5,6)

	
(6,7,8)

	
(2,3,4)
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Table 5. Dimensionless values and fuzzy grey relational coefficient.
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Code

	
Reference Sequence

	
Dimensionless Values

	
Fuzzy Grey Relational Coefficients




	
     S 0     

	
     S 0     

	
S1

	
S2

	
S3

	
S1

	
S2

	
S3






	
EB1

	
(8,9,10)

	
(0.85,1.07,1.39)

	
(0.66,0.75,1.11)

	
(0.66,0.75,1.11)

	
(0.66,0.75,1.11)

	
(0.42,1.45,2.34)

	
(0.42,1.45,2.34)

	
(0.42,1.45, 2.34)




	
EB2

	
(8,9,10)

	
(0.00,1.17,1.42)

	
(0.44,0.55,0.77)

	
(0.84, 0.66,2.5)

	
(0.44,0.55,0.77)

	
(0.28,0.68,0.38)

	
(1.59,0.42,0.89)

	
(0.24,0.84,2.87)




	
EB3

	
(6,7,8)

	
(0.00,0.65,2.63)

	
(0.72,1.55,5.67)

	
(0.44,0.55,0.77)

	
(0.72,1.55,5.26)

	
(0.27,1.00,0.50)

	
(0.28,1.48,0.23)

	
(0.23,1.00,0.50)




	
EB4

	
(6,7,8)

	
(0.00,0.58,1.37)

	
(0.84,0.66,2.52)

	
(0.72,1.55,5.76)

	
(0.84, 0.66,2.52)

	
(0.25,0.66,2.83)

	
(0.22,0.99,3.99)

	
(0.28,0.93,3.23)




	
HB1

	
(8,9,10)

	
(0.85,1.07,1.31)

	
(0.00,0.66,2.52)

	
(0.84,0.66,2.52)

	
(0.00,0.66,2.52)

	
(0.26,0.60,1.47)

	
(0.23,1.00,.505)

	
(0.21,0.61,2.30)




	
HB2

	
(6,7,8)

	
(0.91,1.15,1.37)

	
(0.48,0.77,0.98)

	
(0.00,0.66,2.52)

	
(0.48,0.77,0.98)

	
(0.23,1.00,0.50)

	
(0.23,0.46,2.43)

	
(0.09,0.23,1.17)




	
HB3

	
(8,9,10)

	
(0.72,1.67,2.52)

	
(0.44,0.55,0.77)

	
(0.44,0.55,0.77)

	
(0.44,0.55,0.77)

	
(0.27,0.33,2.32)

	
(0.23,1.00,.505)

	
(0.23,1.00,0.50)




	
FEB1

	
(4,5,6)

	
(0.00,1.17,1.46)

	
(0.57,2.45,1.23)

	
(0.48,0.77,0.98)

	
(0.57,2.45,1.23)

	
(1.59,0.42,0.89)

	
(0.28,1.48,0.23)

	
(0.22,0.67,1.79)




	
FEB2

	
(8,9,10)

	
(0.72,1.66,2.52)

	
(0.44,0.55,0.77)

	
(0.44,0.55,0.77)

	
(0.44,0.55,0.77)

	
(0.24,0.84,2.87)

	
(0.20,0.78,3.12)

	
(0.26,0.60,1.47)




	
FEB3

	
(0,1,2)

	
(0.85,1.07,1.32)

	
(0.66,0.75,1.11)

	
(0.57,2.45,1.23)

	
(0.66,0.75,1.11)

	
(0.23,1.00,0.50)

	
(0.27,0.59,2.89)

	
(0.23,1.00,0.50)




	
FEB4

	
(6,7,8)

	
(0.00,0.65,2.64)

	
(0.46,0.74,0.98)

	
(0.44,0.55,0.77)

	
(0.46,0.74,0.98)

	
(0.21,0.82,2.71)

	
(0.65,0.79,3.61)

	
(0.28,0.93,3.23)




	
FEB5

	
(2,3,4)

	
(0.85,1.07,1.39)

	
(1.08,1.38,1.14)

	
(0.66,0.75,1.11)

	
(1.08,1.38,1.14)

	
(0.76,0.92,0.98)

	
(0.23,1.00,.505)

	
(0.22,0.99,3.99)




	
LA1

	
(4,5,6)

	
(0.00,1.17,1.49)

	
(1.34,0.88,1.11)

	
(0.46,0.74,0.98)

	
(1.34, 0.88,1.11)

	
(0.28,0.27,0.27)

	
(0.22,0.19,5.23)

	
(0.09,0.23,1.17)




	
LA2

	
(6,7,8)

	
(0.00,0.58,1.37)

	
(0.44,0.55,0.77)

	
(1.08,1.38,1.14)

	
(0.44,0.55,0.77)

	
(0.23,1.00,0.50)

	
(0.27,0.92,1.62)

	
(0.21,0.61,2.30)




	
LA3

	
(8,9,10)

	
(0.91,1.15,1.37)

	
(0.84,0.66,2.51)

	
(1.34,0.88,1.11)

	
(0.84, 0.66,2.52)

	
(0.28,1.48,0.23)

	
(0.22,0.99,3.99)

	
(0.28,1.48,0.23)




	
SR1

	
(6,7,8)

	
(0.00,1.17,1.46)

	
(0.48,0.77,0.98)

	
(0.48,0.77,0.98)

	
(0.48,0.77,0.98)

	
(0.29,0.49,2.09)

	
(0.24,0.40,2.93)

	
(0.23,1.00,.505)




	
SR2

	
(8,9,10)

	
(0.95,0.96,0.97)

	
(0.57,2.45,1.23)

	
(0.57,2.45,1.23)

	
(0.57,2.45,1.23)

	
(0.22,0.99,3.99)

	
(0.28,0.93,3.23)

	
(0.26,0.60,1.42)




	
SR3

	
(6,7,8)

	
(0.86,1.09,1.38)

	
(0.66,0.75,1.11)

	
(0.66,0.75,1.11)

	
(0.66,0.75,1.11)

	
(0.23,1.00,0.50)

	
(1.59,0.42,0.89)

	
(0.28,1.48,0.23)




	
TP1

	
(4,5,6)

	
(0.00,0.65,2.68)

	
(1.08,1.38,1.14)

	
(1.08,1.38,1.14)

	
(1.08,1.38,1.14)

	
(0.22,0.99,3.99)

	
(0.21,0.61,2.30)

	
(0.26,0.33,2.32)




	
TP2

	
(8,9,10)

	
(0.91,1.15,1.37)

	
(0.72,1.55,5.36)

	
(0.72,1.55,5.27)

	
(0.72,1.55,5.23)

	
(0.28,1.48,0.23)

	
(0.23,1.00,0.55)

	
(0.09,0.23,1.17)




	
TP3

	
(6,7,8,)

	
(0.72,1.63,2.50)

	
(0.00,0.66,2.52)

	
(0.00,0.66,2.52)

	
(0.00,0.66, 2.52)

	
(0.26,0.60,1.42)

	
(0.22,0.67,1.79)

	
(0.24,0.84,2.87)




	
BP1

	
(8,9,10)

	
(0.85,1.07,1.39)

	
(0.84,0.66,2.53)

	
(0.84,0.66,2.52)

	
(0.84,0.66,2.52)

	
(0.27,0.79,3.72)

	
(0.28,1.48,0.23)

	
(0.28,0.68,.387)




	
BP2

	
(8,9,10)

	
(0.00,1.17,1.46)

	
(0.57,2.45,1.23)

	
(0.57,2.45,1.23)

	
(0.57,2.45,1.23)

	
(0.28,0.45,1.77)

	
(159,0.42,0.89)

	
(0.23,1.00,0.50)
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