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Abstract

:

Urbanization is inevitable in developed countries. This study investigated the design of metropolitan parks, which are essential for sustainable cities. The developed model examined the suitability of parks in Taichung City, Taiwan, and explored the three aspects of ecological, economic, and social indicators for park design using De Novo planning tools and the Decision Making Trial and Evaluation Laboratory-based Analytic Network Process. Because the De Novo programming method can redesign budget restrictions, this method can help managers arrange budget programming and reduce the impact of excessive investment on resource utilization in specific projects. After obtaining each factor’s price, the De Novo planning approach can reduce economic and ecological resource input and improve benefits relative to existing resource utilization methods. When assuming a fixed investment of resources, the De Novo planning method moves resources from the economic and ecological aspects of leisure and recreation, thus increasing the total benefit of metropolitan parks. Multicriteria decision-making and multi-objective planning methods can provide an effective solution for evaluating metropolitan parks.






Keywords:


multicriteria decision making; Decision Making Trial and Evaluation Laboratory












1. Introduction


As an economy develops, the residents of the country tend to migrate into cities. For developed countries, urbanization is inevitable. According to the United Nations, by 2030, more than 1.7 billion people will be concentrated in metropolitan areas globally. In increasingly crowded urban areas, proper planning of urban green spaces will have a significant effect on the quality of life of citizens. In some densely populated cities, green space and leisure facilities are not planned, despite the cities’ growing populations [1,2,3]. Urban green space has a significant effect on the physiology, society, and environment of residents [4], and is a key factor affecting residents’ satisfaction [5,6]. The planning and implementation of an ecocity are crucial for achieving sustainability in a city; this depends on the government’s emphasis on environmental protection and environmental literacy improvement. The construction of metropolitan parks enables the government to plan and manage urban green space to protect the biological resources of the area, provide people with leisure and recreational places, improve the quality of life of residents, increase the economic value of neighborhoods close to metropolitan parks, and encourage environmental protection through ecotourism. The choice of metropolitan parks has a strong effect on urban sustainability and well-being in terms of environmental protection (e.g., biological habitats, reducing the greenhouse effect, and reducing energy use) and residents’ quality of life (e.g., average green space allocated for residents, parks, and recreation areas) [7]. This study investigated the design of metropolitan parks. An evaluation model for a metropolitan park based on ecological, economic, and social factors was established to examine the suitability of parks in Taichung City, Taiwan.




2. Literature Review


Many factors in daily decision making are mutually influential rather than independent. This also applies to the design of metropolitan parks. For example, ecological factors, such as biological habitat planning and biodiversity, affect residents’ social satisfaction. Therefore, this study explored indicators for metropolitan park design using multicriteria decision making (MCDM). MCDM analysis is an optimal decision-making tool in a complex environment. It has been widely applied in the optimization of manufacturing [8,9,10] and the selection of supply chain partners [11,12]. The use of this method in environmental management has also gradually increased. For example, MCDM has been used to assess the environmental effect of locations selected for villages and towns [13], the distance between national parks and cities [14], and locations selected for urban forests and regional parks [15].



Indicators were selected through a literature review and an expert meeting; then, Decision Making Trial and Evaluation Laboratory (DEMATEL) was used to calculate the mutual influence between aspects and indicators for the design of metropolitan parks. After completing the influence model, the DEMATEL-based Analytic Network Process (DANP) method was used to convert the causal influence relationships of various aspects and indicators into influence weights. After the weight calculation, De Novo multi-objective planning was applied to combine the three aspects of park design, namely ecological, social, and economic factors, into a single cost factor. The current value of metropolitan parks and the optimal resource allocation under existing budget constraints, in addition to the weights of different aspects, were then calculated. The research process is shown in Figure 1.



Integrated Design for Metropolitan Parks


As a population’s urbanization rate increases, metropolitan parks play a vital role in the quality of human life (QoL) and the natural ecosystem [16]. Therefore, the planning and design of these parks have been an important issue in recent years. Many studies have explored the functions or benefits of metropolitan parks from different angles, including spatial distribution evaluation, post-construction evaluation, and ecosystem services evaluation [17]. The value of metropolitan parks includes supply services (e.g., clean water, food), water regulation, and culture services (e.g., leisure) [18]. As a result, increasing research has also explored the setting of urban green space from multi-oriented, multi-standard models [19]. Research assessing metropolitan parks from an ecological point of view is abundant, but from a social perspective, cultural values, and even comprehensive assessments of the needs of urban eco-parks, is significantly less common [20,21]. Second, many previous studies of metropolitan parks have been planned using a multi-criterion assessment methodology that treats ecological, social, and cultural aspects and individual indicators as an independent [22,23]. In reality, indicators of the ecological value of a metropolitan park (e.g., park biodiversity), spatial location (e.g., distance from the metropolitan area), and cultural services (e.g., leisure service planning) influence each other. For example, highly ecological urban parks jointly enhance a park’s social services’ efficiency and reduce the impact of the utilization rate caused by space distance. Third, past studies have emphasized the assessment of metropolitan parks. These assessments are rarely linked to the planning and allocation of subsequent resource inputs. Based on the above, this study combined the DEMENTAL evaluation method with a De Novo planning method to explore how to optimize urban park design under resource constraints. The influence relationship weight between the three structures of ecology, economy, and social culture was first selected by the DEMENTAL assessment method. Then the budget allocation was optimized according to the weight and subject to resource limitation to maximize the park’s benefits.





3. Methodology


This study explored the design and planning of metropolitan parks in a multi-faceted manner. First, experts and scholars studied the composition of ecological, economic, and social components in terms of 14 indicators for impact assessment. Then, according to the results of this assessment, the allocation of resources was determined. This composite approach to integrated planning and evaluation was also seen in Rodgers and George [24]. The study also confirmed the promotion of co-ordination between different structures and promoted overall effectiveness through proper systematic resource planning. Using the traditional linear planning approach, Rodgers and George identified system-feasible solutions or utility for optimizing resource allocation, based on resource constraints and resources that cannot be converted to each other. The De Novo planning approach used in this study assumes that all resources have a standard benchmark for measuring each other (e.g., money) and, therefore, can be substituted for each other (trade-off). Thus, the limitations of traditional linear planning were further relaxed, and better solutions to the differences in the research were identified.



3.1. Data Collection


By evaluation of metropolitan parks on the basis of budget and benefits, this study elucidated the methodology for constructing ecological parks and developed a reference for urban development management strategies. The design of ecological parks is proposed based on the analysis of a multicriteria evaluation. In DEMATEL and DANP questionnaires, experts were asked to provide their views on the construction of ecological parks and the design of metropolitan ecological parks. The results were used to evaluate the potential for the development of Taichung Metropolitan Park, Tunghai University, and Taichung Dadushan Wanli Great Wall Trail into ecological parks.



This research collected data in two parts. The first part invited 20 experts in the project management of ecological parks to confirm the construction, dimensions, and criteria for evaluating green lawns (the average tenure of these experts was seven years). By combining these expert suggestions, we confirmed the final framework for evaluating metropolitan parks with three dimensions and 14 criteria. In the second part of the research, a questionnaire was designed based on the DEMATEL and Analytic Network Process (ANP) methods (discussed in Section 3.2).



The survey distributed the questionnaires to 20 experts in the project management of ecological parks. After removing incomplete questionnaires, a sample of 16 complete questionnaires remained for analysis.




3.2. Integrated DEMATEL and ANP Method


Previous studies have detailed DEMATEL and ANP methods [25,26,27,28,29]. In this study, an integrated DEMATEL and ANP approach were used. ANP is a valuable conventional approach that helps decision-makers overcome the interdependence of the criteria and the indicators.



Because these criteria are often interdependent, individual weights are complex to obtain [20]. Consequently, this study used the DEMATEL method to find a causal network structure among all dimensions and green project management criteria. It then adopted the ANP approach to rank all criteria’s weights based on this causal network structure. The following steps describe the integrated DEMATEL and ANP approach [2].



The DEMATEL method: This method visualizes and presents interrelations between criteria through matrices and digraphs. The method can be summarized as follows:



Step 1: Find the initial average matrix. Each respondent indicates the degree of the direct impact that each criterion i exerts on each criterion j. Any pairwise comparisons between two criteria are denoted by aij and evaluated on a scale from 0 to 4, with 0 representing no influence and 4 representing very strong influence. Each respondent generates an n × n nonnegative answer matrix, from which an average matrix A is obtained for each respondent. The following Equation presents the initial average matrix.


  A =  [       a  11        a  12      ⋯     a      1 n                   a  21        a  22      ⋯     a  2 n        ⋮   ⋮   ⋱   ⋮       a  n 1        a  n 2      ⋯     a  n n        ]   



(1)







Step 2: Calculate the normalized initial influence matrix. The following normalized initial influence matrix D normalizes the average matrix A.


  D =  A S   



(2)




where


  S =   max     (     max   1 ≤ i ≤ n     ∑   j = 1  n   a  i j       max   1 ≤ j ≤ n     ∑   I = 1  n   a  i j     )   



(3)







Step 3: Compute the total-influence matrix, which shows a continuous decrease of the indirect effects of problems with D’s powers (e.g.,    D 2   ,   D 3  , … ,  D g   ), and lim    D g  =    [ 0 ]    n x  n ′     , where D =      [   d  i j    ]    n x  n ′     ,   0 ≤  d  i j   ≤ 1   and   0 ≤   ∑  i   d  i j     or     ∑  j   d  i j     ≤ 1   and where only one row or one column sum is equal to 1. The total-influence matrix Tij is an n × n matrix defined as follows:


   T = D +  D 2  + ⋯ +  D g     = D  (  I + D +  D 2  + ⋯ +  D  g − 1    )   (  I − D  )     (  I − D  )    − 1      = D  (  I −  D g   )     (  I − D  )    − 1      = D    (  I − D  )    − 1     



(4)







Let r and c represent vectors denoting the sum of rows and the sum of columns, respectively, of the matrix T:


  r =    [   r i   ]    n x 1   =    [    ∑   j = 1  n   t  i j    ]    n x 1    



(5)






  c =    [   c j   ]   ’     n x 1   =    [    ∑   i = 1  n   t  i j    ]   ’     1 x n    



(6)







In this expression, ri is the sum of the ith row in matrix T representing the total effects (both direct and indirect) of criterion i on the other criterion. Similarly, cj denotes the jth column’s sum in matrix T and indicates the total effects (both direct and indirect) that criterion j receives from the other criterion.



When i = j, the sum (ri + cj) (abbreviated as D + R as shown in Table 1, Table 2, Table 3 and Table 4) indicates the strength of influences given and received by dimension or criterion i. In other words, the sum (ri + cj) indicates the importance of dimension or criterion i in the problem. In addition, the difference (ri − cj) indicates the net effect of dimension or criterion i on the problem. If (ri − cj ) (abbreviated as D − R as shown in Table 1, Table 2, Table 3 and Table 4) is positive, then dimension or criterion i affects other dimensions or criteria, whereas if (ri − cj) is negative, then dimension or criterion i is affected by other dimensions or criteria.



Step 4: Set a threshold value and obtain the network relationship map. Reduce the complexity of information by filtering out negligible effects in matrix T; a threshold value is necessary. The only criterion whose influence values are higher than the threshold can be selected and presented in the network relationship map. Thus, a new total influence matrix Tm can be derived (Equation (7)).


               c 1         c 2         c 3                                 










   T m  =      c 1         c 2         c 3       [       t  11        t  12      0     0     t  22        t  23          t  31      0     t  23        ]                   



(7)







Pairwise comparisons are made between two criteria based on the question, “how much importance does a criterion have relative to another criterion regarding respondent’s preference?” The score is determined using a scale ranging from 1 to 4, with 1 representing equal importance and 4 representing extreme importance. One way of conducting this decision analysis is to set the alpha value and delete the low-impact indicators, similar to the expert meeting. The alternative is to delete the influence indicators that are too small without setting the alpha value. The selected indicators were repeatedly deleted and confirmed by the experts before the questionnaire was issued. Therefore, the study retained all criteria. The general form of the unweighted supermatrix was as shown in Equation (8).



Step 5: Find the unweighted supermatrix. The pairwise comparison matrices of criteria in the whole framework generates an unweighted supermatrix. Pairwise comparisons are made between two criteria and evaluated on a scale from 0 to 4 by asking, “how much importance does a criterion have relative to another criterion regarding respondent’s preference?” The score is determined using a scale ranging from 1 to 4, with 1 representing equal importance and 4 representing extreme importance. The general form of the unweighted supermatrix is as follows:


                           G 1       G 2      … … … … …  G n                                      










                   e  11   …  e  1  n 1     e  21   …  e  2  n 2    …  e  n 1   …  e  n  m n         










  W =      G 1       ⋮         ⋮           G 2            ⋮           G n               e  11        ⋮           e  1  n 1               e  21        ⋮       e  2  n 2                   e  n 1        ⋮       e    nm  n                 [       w  11        w  12      ⋯     w  1 n          w  21        w  22      ⋯     w      2 n                           ⋮   ⋮   ⋱   ⋮       w  n 1        w  n 2      ⋯     w  nn        ]   



(8)




where Wj is the principal eigenvector of the influence of the criteria compared in the jth dimension to those compared in the ith dimension. If the jth dimension does not influence the ith dimension, then Wij = [0]. enm symbolizes the mth criterion in the nth dimension, Gn characterizes the nth dimension.



Step 6: Compute the weighted supermatrix. Multiplying the normalized total-influence matrix Tp and the unweighted supermatrix (Step 5) derives the weighted supermatrix. The normalized total-influence matrix Tp is derived from the total influence matrix Tm using the DEMATEL method (Step 4). The following matrix shows the normalized total-influence matrix Tp:


   T P  =  [               t  11  p     ⋯         ⋮             t  12  p       ⋮           ⋯     ⋮             t  1 n  p       ⋮               t  i 1  p     ⋯         t  i j  p     ⋯     t  i n  p       ⋮   ⋮   ⋱   ⋮           t  n 1  p     ⋯         t  n j  p     ⋯     t  n n  p       ]   



(9)




where the normalized scores of the total-influence matrix Tp are


   t  i j  p  =    t  i j  m      ∑   i = 1  n   t  i j  m       



(10)







Then, the weighted supermatrix Ws is calculated as follows:


     W  s =    T p  × W  



(11)







Step 7: Determine the limiting weighted supermatrix. The weighted supermatrix is developed to adequately high power, k, until it has converged and is stable; this is employed to access overall priority vectors:


    l i m   k → ∞    W w k             



(12)







Additionally, if the limited weighted supermatrix is not singular, it can be gauged by including N supermatrices and dividing by N (N is the value of supermatrices) to obtain the final limiting weighted supermatrix.



According to the research process shown in the flow chart in Figure 1, the definitions of the notations of the integrated DEMATEL and ANP method are summarized step by step in the following Table 1.




3.3. De Novo Multicriteria Planning Method


After establishing the influence weights of the indicators for the ecological park design, the De Novo method was used to evaluate the benefits of the ecological park. Conventional multi-objective planning determines the optimized resource allocation based on fixed total resources. The mathematical formula for the De Novo multicriteria planning method used in this study is as follows:


   Max   Z  =  Vx     



(13)






  s . t .    pUx  ≤  pb     



(14)






  pb ≤  B     



(15)






  x ≥ 0  



(16)







Symbol description:


  V :    m  ×  n   matrix    ,    V  =    |   V  k j    |    k × n    



(17)






  U :    m  ×  n   matrix     










  Z :    objective   function  ;    k   objective   functions  :    Z  =  z 1  ,    z 2  , … ,      z   k  ,  










   where     Z K  =   ∑   j = 1  n   V  k j   ×  x j  ,    k  = 1 , 2 , … , k  










  p :    the   unit   price   of   m   types   of   resource  ,    p  =  p 1  ,      p   2  , … ,      p   m   










  b :  vector   of   m   types   of   resource  ,    b  =   (  b 1  ,    b 2  , … ,    b m  )  T   










  x :    the   output   of   n   types   of   products  ,    x  =   (  x 1  ,    x 2  , … ,    x n  )  T   











B: total budget



By changing the reallocation of resource input price    p *    and the number of input resources        b   *    for each of the objective functions, this study determines the cost of the input elements    p *       and   b   *    that optimizes the objective function    Z k *  = Max  Z k  ,   k = 1 ,   2 ,   … ,    n   . and calculates the Pareto optimality with limited resources. The objective function calculates as follows:


  min B =   pUx  *   



(18)






  s . t .    Vx  ≥  Z *     



(19)






  x ≥ 0    



(20)







Solving Equations (18)–(20) yields the meta-optimal solution for the change of each total resource under the lowest total budget    B *   , total input    b *   , and a total output    x *   . Because the optimal total budget is usually higher than the actual budget, the maximum utility max Z can be recalculated using the ratio of the actual budget to the optimal budget r based on the constraints of the optimum path ratio.


  r =  B   B *       



(21)









4. Empirical Results and Analysis


4.1. DEMATEL Analysis of Ecological Parks


The ANP questionnaire was administered to experts to obtain their views on the construction of ecological parks and the design of a metropolitan ecological park. Ecological parks have three important design indicators, namely, economic, ecological, and social factors.



A higher correlation value indicates a stronger correlation between aspects. If an aspect affects other aspects or is affected by other aspects, it is considered to have causality. D − R > 0 indicates that the aspect affects other aspects, whereas D − R < 0 indicates that the aspect is affected by other aspects.



The analysis results shown in Table 2 reveal that the correlation (D + R) and causality (D − R) values of ecological aspects are the highest.



Table 2 presents the correlation (D + R) and causality (D − R) results of the economic, ecological, and social aspects. These results are presented in a scatter plot in Figure 2.



As shown in Figure 2, the results of the ecological aspect are distinct from those of the other two aspects. This indicates that improving the quality of the ecological park will enhance its economic and social benefits.




4.2. DEMATEL Analysis of the Economic Aspects


In the economic aspect, the definition of each indicator is as follows:



Park capacity is the optimal number of people in the ecological park per unit time. The artificial building area ratio is the ratio of artificial buildings in the park to the total area. Park land is selected based on urban conditions, geographical conditions, and the convenience of the surrounding environment. Accordingly, construction and maintenance cost is the cost of acquiring and constructing on the land. External benefits refer to the ability of metropolitan parks to promote the development of the surrounding economy, improve job opportunities, and facilitate the reuse of idle urban land.



Table 3 shows that the highest correlation (D + R) and causality (D − R) results were observed for the ecological aspect of A4 External benefits.



Table 3 shows the correlation (D + R) and causality (D − R) results for the four economic indicators of park capacity, artificial building area ratio, construction and maintenance cost, and external benefits. The scatter plot is presented in Figure 3.



Table 3 reveals that the highest correlation (D + R) and causality (D − R) results were for A1 Park capacity. Thus, A1 Park capacity affects the artificial building area ratio, construction and maintenance cost, and external benefits.




4.3. DEMATEL Analysis of the Ecological Aspect


The definitions of indicators in the ecological aspect are as follows:



Land use patterns near the park refer to the land use status adjacent to the park (i.e., residential land, buffer reserve, commercial land, industrial land, military land, and agricultural land). Park size refers to the area covered by the park. The size of the park influences whether it can provide animal and plant habitats and diverse ecological features. Environmental protection indicates whether the park has environmental protection functions (e.g., reducing air pollution and preventing flooding). Biodiversity refers to the types and numbers of animals and plants in the area and whether the park can be a habitat for more than two kinds of animals (e.g., multiple ecological functions, good soil permeability, and topsoil thickness). Green coverage refers to the ratio of the green area of the park to the total area of the park (including rivers, lakes, marshes, and fishing land).



Table 4 shows that among ecological indicators, the highest correlation (D + R) and causality (D − R) results were obtained for B2 Reduce air pollution.



Table 4 presents the correlation (D + R) and causality (D − R) results for the five ecological indicators of land use patterns near the park, park size, environmental protection, biodiversity, and green park coverage. The scatter plot is presented in Figure 4.



Table 4 reveals that the highest correlation (D + R) and causality (D − R) results were obtained for B2 Park size, indicating that the size of the park affects land use patterns near the park, environmental protection, biodiversity and green coverage.




4.4. DEMATEL Analysis of the Social Aspect


The definitions of indicators in the social aspect are as follows:



The environmental education field indicates that the park can be used as a space for environmental education. Promote urban ecotourism suggests that the park includes an environmental education (e.g., an information system detailing flora and fauna in various parts of the park) or tour guides with a background in environmental conservation who can increase public awareness of ecotourism. Increase the public’s attitude, and behavior toward ecotourism indicates that parks can promote the consciousness of urban ecotourism, improve quality of life and leisure, develop urban leisure and recreation activity networks, and maintain natural and cultural tourism resources. Cultural value and landscape beauty indicate that the park can combine local culture, construction facilities with cultural value, and construction facilities with historical value. Transportation indicates that the park features a clear traffic guide webpage and convenient public transportation.



Table 5 shows that the correlation (D + R) and causality (D − R) results of C5 Transportation were the highest.



Table 5 presents the correlation (D + R) and causality (D − R) results of the five indicators of cultural value, awareness of environmental protection, promote urban ecotourism, and basic urban conditions and convenience. The scatter plot is as shown in Figure 5.



Table 5 reveals that the correlation (D + R) and causality (D − R) results of C5 Transportation were the highest, indicating that C5 Transportation will affect environmental education field, promote urban ecotourism concept, increase the public’s attitude and behavior towards ecotourism and cultural value, and landscape beauty.




4.5. Ranking of Indicator Importance


This study obtained an unweighted supermatrix from the total influence matrix of DEMATEL. This technique was performed using the influence degree of each criterion to obtain a weighted supermatrix and limited supermatrix to obtain each criterion’s overall weight. The weight of the factor was then obtained under the evaluation framework (importance).



Upon obtaining the limited matrix, the calculating step was conducted to identify the weight and overall ranking of the criteria (Table 6). The importance ranking of each indicator is shown as follows:




4.6. Application of De Novo Multicriteria Planning Method


According to the results of the DANP analysis in Section 3.3, the three goals of De Novo multi-objective planning in the design of an ecological park are as follows:




	
The highest economic benefit: The park can accommodate most people, create the most ecological and economic benefits, and require the lowest maintenance cost.



	
The greatest ecological benefit: The park has the largest area, the highest ecological value, the most optimized biological species and quantity, the highest optimized green space ratio, and the most diverse ecological functions.



	
The greatest social benefit: The park is integrated with local culture, has the optimal park content (animals and plants, recreation, and education), can increase the public’s willingness to engage in ecotourism, and has the most convenient transportation.








This study cooperated with the Taichung Metropolitan Park and the Taichung City Government to obtain the annual budget of the park and the values of some parameters from the Taichung City Budget of the Metropolitan Park. For the parameters without secondary data or nonqualitative data, in-depth interviews were conducted with park managers and academic experts, and the values of parameters were thus estimated and quantified. The parameters and values required for this study are shown in Table 7 below.



The Equation for multi-objective planning of eco-park design is as follows:


     Max   Z   1  =  w 1   x 1   



(22)






     Max   Z   2  =  w 2   x 2   



(23)






     Max   Z   3  =  w 3   x 3   



(24)






  s . t .      x     1  +    x     2  +    x     3  ≤  S     



(25)






  pUx ≤  B     



(26)






     x     1  ,      x     2  ,      x     3  ≥ 0  



(27)







In this study, the correlation parameters for the design and planning of the metropolitan park were as follows:




	
Investigate the mutual influence of the three aspects of Economy (Z1), Ecology (Z2), and Leisure and Entertainment (Z3) using DANP and convert the influence and causality results into weights through mathematical programming.



	
Total annual budget: NTD $1.5 million



	
Table 8 inputs elements for the design of metropolitan parks should include Land maintenance, building maintenance, software and hardware equipment investment, manpower cost, and biological maintenance. Different design aspects have different demand units for these five elements.



	
The manager should prepare different budgets (e) for each element, which cannot be diverted for other projects.








The mathematical equations used in this study are shown in Equations (28)–(31):


     Max   Z   1  = 6  x 1  +  x 2  + 3  x 3   



(28)






     Max   Z   2  =  x 1  + 7    x     2  + 2  x 3   



(29)






     Max   Z   3  = 4  x 1  + 2  x 2  + 4  x 3   



(30)






  s . t .  










  22  x 1  + 29  x 2  + 44  x 3  ≤ 150  



(31)






   x 1  ,      x   2  ,      x   3  ≥ 0  



(32)









5. Conclusions


Table 9 revealed the simulation results that the budget calculated using traditional linear programming was NTD $1.39 million, and the benefit created by the metropolitan park was 61.5. The De Novo programming method was used to redesign entire budget restrictions. It can thus assist managers in arranging budget programming and reducing the impact of excessive investment on resource utilization. From the perspective of minimum resource consumption, after obtaining the price of each factor, the De Novo method can reduce economic and ecological resource input and create higher benefits compared with existing resource utilization methods. By contrast, when assuming fixed resources, the De Novo planning method moved resources from the economic and ecological aspects to leisure and recreation, thus increasing the total benefit of the metropolitan park to 63.07.



In practice, when planning and designing or maintaining the budget for a metropolitan park, managers must rely on experience or existing principles for the use of funds, and they ignore diminishing marginal benefits resulting from the excessive investment of resources and the mutual influence between various aspects of the parks. For example, the construction of the Ecological Interpretation Hall in the park not only enhanced the park’s leisure and recreational functions but also generated economic benefits (e.g., selling of related products). This study explored the mutual influences of the three aspects of park design by using De Novo planning tools and optimized the resource investment with the DANP method to provide managers with a reference method for budget planning.




6. Research Limitation and Future Research


This study was undertaken as academic research. Although the process involved the production, officials, and academic experts for metropolitan park design advice and weights, it lacked specific input for metropolitan park planning resources and the related budget, and the analysis was conducted using analog numbers. This study used group decision making based on expert questionnaires and formulated evaluation criteria for urban park design. However, during the completion of the questionnaire, linguistic terms may have different interpretations due to personal factors. For example, one expert who perceived a “slightly less important” degree, may define this as lying somewhere between “very unimportant” to “slightly less critical,” while another expert’s perception of “slightly less important” may differ. Therefore, for the same project, for future study, it is recommended to add the vague-word approach to expert decision making (Rodgers and George [24]), considering the differences in respondents’ feelings about meaning. For example, using the fuzzy method of triangulation processing, Expert 1’s “a little unimportant” can be converted to (0, 25, 50), and Expert 2’s “a little unimportant” can be converted to (25, 50, 50). This transformation allows a more accurate assessment of the questionnaire. The weight evaluation operation can be carried out using mathematical methods to derive the fuzzy number for comparison with the present study’s results. The steps for the fuzzy method are as follows:



Step1 Derive the triangular fuzzy number: The mathematical expression is as follows:


     T k   ˜  a v g =     ∑   i = 1  n     T k i   ˜   n  =    (    ∑   i = 1  n   a  k l  i  ,   ∑   i = 1  n   a  k m  i  ,   ∑   i = 1  n   a  k u  i   )   n   











for i = 1, 2, …, n; k = 1, 2, 3, 4, 5



     T k   ˜  a v g  : the five linguistic terms’ triangular fuzzy number.



i: the number of experts



K: linguistic terms. Including very unimportant, a little unimportant, just as important, slightly important, and very unimportant.



Step2 Arithmetic Average of Evaluation Criterion j:


     T j   ˜  a v g =     ∑   i = 1  n     T j i   ˜   n  =    (    ∑   i = 1  n   a  j l  i  ,   ∑   i = 1  n   a  j m  i  ,   ∑   i = 1  n   a  j u  i   )   n   











for i = 1, 2, …, n; j = 1, 2, …, m



   T j i   : the ith expert in the triangular fuzzy value of the jth metropolitan park evaluation criterion.



   a  j l  i  ,  a  j m  i  ,  a  j u  i   : lower-bound, median, and upper bound values, respectively, of the linguistic items.



m: all evaluation criteria.



Step 3 Average for all expert opinions:


   O ˜  a v g =     ∑   i = 1  n     O i   ˜   n  =    (    ∑   i = 1  n   o 1 i  ,   ∑   i = 1  n   o 2 i  ,   ∑   i = 1  n   o 3 i   )   n   











   O i   : the average of fuzzy values of the linguistic items of n experts’ opinions.



   o 1 i   ,    o 2 i  ,  o 3 i   : Lower-bound, median, and upper bound fuzzy values, respectively, of the linguistic items.
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Step 4 Defuzzification



The mathematical formula of triangular fuzzy number resolution is as follows:


   V A ~  =  (   a 1  + 2  a 2  +  a 3   )  / 4  











   V A ~     is   the   triangle   fuzzy   number     A ˜   after defuzzification



Then the expert opinion value after defuzzification can be used in the DEMETAL analysis method to be calculated and compared with this study’s results.
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Figure 1. Research process. 
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Figure 2. Scatter plot of the correlation (D + R) and causality (D − R) results for the economic, ecological, and social aspects. 
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Figure 3. Scatter plot of correlation (D + R) and causality (D − R) for economic indicators. 
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Figure 4. Scatter plot of the correlation (D + R) and causality (D − R) results for the ecological aspect. 
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Figure 5. Scatter plot of the correlation (D + R) and causality (D − R) results for the social aspect. 
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[image: Mathematics 08 01304 g005]







[image: Table] 





Table 1. Definitions of the notations of the integrated Decision Making Trial and Evaluation Laboratory (DEMATEL) and Analytic Network Process (ANP) method.
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Step

	
Formula

	
Notation

	
Definition






	
Step 1

	
a1

	
i

	
one criterion




	
j

	
another criterion




	
aij

	
the pairwise comparisons between any two criteria taken as averages by experts




	
A

	
initial average matrix




	
Step 2

	
a2

	
D

	
normalized initial influence matrix




	
a3

	
     max   1 ≤ i ≤ n      ∑   j = 1  n    a  i j     

	
total direct influences of the criterion with the most direct influences on others




	
     max   1 ≤ j ≤ n      ∑   i = 1  n    a  i j     

	
total direct influences received by criterion i




	
S

	
S takes the bigger of the two as the upper boundary




	
Step 3

	
a4

	
T

	
total-influence matrix Tij




	
I

	
identity matrix




	
a5

	
ri

	
ri denotes the row sum of the ith row of matrix T




	
a6

	
cj

	
cj denotes the column sum of the jth column of matrix T




	
Step 4

	
a7

	
    T m    

	
matrix of total influence relation of criterion




	
Step 5

	
a8

	
W

	
unweighted supermatrix




	
Step 6

	
a9

	
    T p    

	
normalized scores of the total-influence matrix




	
a10

	
    W  s =    T p  × W   

	
weighted supermatrix




	
a11

	
    t  i j  p  =    t  i j  m      ∑   i = 1  n   t  i j  m      

	
normalized total-influence matrix




	
Step 7

	
a12

	
     l i m   k → ∞    W w k    

	
limiting weighted supermatrix.
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Table 2. DEMATEL results for the ecological park.
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	Economic Aspect
	Ecological Aspect
	Social Aspect
	D + R
	D − R





	Economic aspect
	0.3815
	0.4284
	0.3944
	2.4394
	−0.0307



	Ecological aspect
	0.4569
	0.4828
	0.4656
	2.7566
	0.0539



	Social aspect
	0.3967
	0.4402
	0.4108
	2.5184
	−0.0232
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Table 3. DEMATEL results for the economic aspect.
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	A1
	A2
	A3
	A4
	D + R
	D − R





	A1 Park capacity
	0.3491
	0.3962
	0.4610
	0.4745
	3.1012
	0.2603



	A2 Artificial building area ratio
	0.3711
	0.3136
	0.4456
	0.4249
	2.9714
	0.1391



	A3 Construction and maintenance cost
	0.3621
	0.3748
	0.3381
	0.4034
	3.1034
	−0.1464



	A4 External benefits
	0.3381
	0.3315
	0.3803
	0.3394
	3.0316
	−0.2530
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Table 4. DEMATEL results for the ecological aspect.
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	B1
	B2
	B3
	B4
	B5
	D + R
	D − R





	B1 Land use patterns near the park
	0.3698
	0.3982
	0.4790
	0.4826
	0.4712
	4.4902
	−0.0888



	B2 Park size
	0.4482
	0.3576
	0.4879
	0.5025
	0.4950
	4.4140
	0.1685



	B3 Environmental protection
	0.4812
	0.4386
	0.4596
	0.5484
	0.5346
	5.0100
	−0.0853



	B4 Biodiversity
	0.4983
	0.4629
	0.5630
	0.4845
	0.5566
	5.1462
	−0.0155



	B5 Park green coverage
	0.4920
	0.4654
	0.5583
	0.5628
	0.4713
	5.0786
	0.0210
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Table 5. DEMATEL results for the social aspect.
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	C1
	C2
	C3
	C4
	C5
	D + R
	D − R





	C1 Environmental education field
	0.4070
	0.4882
	0.4752
	0.4342
	0.3769
	4.3773
	−0.0142



	C2 Promote urban ecotourism concept
	0.4711
	0.3953
	0.4584
	0.4195
	0.3795
	4.3264
	−0.0787



	C3 Increase the public’s attitude and behavior towards ecotourism
	0.4489
	0.4580
	0.3818
	0.4009
	0.3620
	4.2261
	−0.1229



	C4 Cultural value and landscape beauty
	0.4418
	0.4334
	0.4352
	0.3286
	0.3345
	3.9266
	0.0204



	C5 Transportation and means of transport
	0.4269
	0.4276
	0.4239
	0.3699
	0.2911
	3.6836
	0.1953
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Table 6. Indicator importance rankings.






Table 6. Indicator importance rankings.





	
Aspects

(Weight)

	
Indicators

	
Contents

	
Importance

	
Weight






	
Economic Aspect

(0.308)

	
A1

	
Park capacity

	
4

	
0.0737




	
A2

	
The artificial building area ratio

	
6

	
0.0726




	
A3

	
Construction and maintenance cost

	
2

	
0.0771




	
A4

	
External benefits

	
1

	
0.0851




	
Ecological Aspect

(0.351)

	
B1

	
Land use patterns near the park

	
10

	
0.0690




	
B2

	
Park size

	
14

	
0.0639




	
B3

	
Environmental protection

	
3

	
0.0743




	
B4

	
Biodiversity

	
5

	
0.0736




	
B5

	
Park green coverage

	
8

	
0.0701




	
Social Aspect

(0.341)

	
C1

	
Environmental education field

	
9

	
0.0693




	
C2

	
Promote urban ecotourism concept

	
12

	
0.0670




	
C3

	
Increase the public’s attitude and behavior towards ecotourism

	
13

	
0.0656




	
C4

	
Cultural value and landscape beauty

	
11

	
0.0687




	
C5

	
Transportation and means of transport

	
7

	
0.0702
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Table 7. Indicator importance rankings.
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	Parameter
	Unit





	The total area of the park (S)
	m2



	Annual budget (B)
	NT$1000/m2



	Floor areas of facilities and buildings(     x  1    )
	m2



	Maintenance cost for facilities and buildings
	NT$1000/m2



	Area of the ecological environment(     x  2    )
	m2



	Design planning and construction cost of the ecological environment
	NT$1000/m2



	Area of landscape architecture in the social aspect(     x  3    )
	m2



	Design planning and construction cost in the social aspect
	NT$1000/m2



	Weights in economic, ecological, and social aspects (     w  1  ,   w  2  ,   w  3    )
	Refer to Table 6
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Table 8. Planning and restraint of budget.
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	Item
	Unit Price (a)
	Economy (b)
	Ecology (c)
	Leisure and Entertainment (d)
	Resource Constraints (e)
	Resource Planning for De Novo Redesign





	Land maintenance
	3
	2
	4
	3
	50
	13.7



	Building maintenance
	4
	2
	0
	4
	20
	10.2



	Software and hardware equipment
	2
	2
	1
	4
	10
	11.1



	Manpower
	1
	0
	5
	3
	5
	5.1



	Biological maintenance
	2
	2
	5
	4
	50
	14.8
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Table 9. Comparison of analysis results.






Table 9. Comparison of analysis results.





	Method of Programming

Values of Parameters
	Traditional Linear Programming
	De Novo

(Minimal Budget)
	De Novo (fixed Budget Constraints)





	Total utility    Z  K     

    Z  K   =    ∑   j = 1  n    w k   C  k j   ×  x j    
	61.5
	62.77
	63.07



	Optimal budget allocation for each aspect
	139

(110, 29, 0)
	134.1

(106.5, 27.6, 0)
	139

(104.7, 26.4, 7.9)



	De Novo redesign of the budget restrictions
	Base value
	(−3.5, −1.4, 0)
	(−5.3, −2.6, 7.9)











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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