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Abstract

:

Urban green space (UGS) provides critical ecosystem services and alleviates environmental problems caused by rapid urbanization. The Analytic Hierarchy Process (AHP) method is recognized as a traditional technique to identify the weight of the UGS suitability evaluation. We reveal the limitations of the AHP method for its subjectivity and uncertainty. Then, we introduce the AHP and coefficient of variation (AHP-CV) combined weight method to better evaluate the suitability of UGS. Based on the principle of minimum information entropy, the AHP-CV combined weight method takes advantage of both the AHP and CV methods, thus keeping a good balance between subjectivity and objectivity. We used the green space system planning of Fuping County in China as a case study. A new evaluation index system was established using 4 aspects. Our results show that high-suitability areas are mainly distributed around the northern mountainous regions, 2 important rivers and the outer areas of the central city. By comparing the UGS suitability evaluation results obtained by the AHP, CV, and AHP-CV combined weight methods, we found that the AHP-CV method was optimal. Therefore, the AHP-CV combined weight method will not only enrich spatial Multi-Criteria Decision-Making techniques but also have a wide application in the related fields of land-use planning.
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1. Introduction


Since China’s rapid urbanization has caused urban sprawl and the decrease of urban green space, the urban ecological environment is under tremendous pressure [1]. Urban Green Space (UGS), an urban biological filter that absorbs pollutants and release oxygen [2,3,4], provides important ecosystem services that contribute to the quality of life in cities [5,6,7,8]. Determining suitable locations for UGS is the primary task of improving the urban ecological environment [9,10,11].



Ecological suitability evaluation is an important quantitative analytic method for ensuring sustainable land use [12,13,14], and can be understood as the process of assessing the potential of land development. It provides the basis for scientific decision-making for the rational use of land resources [15,16,17]. In the 1960s, ecological suitability evaluation was first proposed by landscape architect McHarg [18]; this method has become the basis for land-use planning. Due to the popularization of the geographic information system (GIS), ecological suitability evaluation has been applied to a wide variety of fields, including urban construction land [19], regional planning [20], agricultural planning [21,22], and greenway planning [23,24]. In many case studies, the Analytic Hierarchy Process (AHP) method was incorporated into GIS-based suitability procedures. Kuang [25] introduced GIS technology into the green space system planning to analyze the suitability of green construction land in Beihai City and established a city information system. Uy and Nakagoshi [10] used the AHP method to analyze factors, such as air pollution, existing land use, water, and industrial zones, in the GIS environment and studied the green space system suitability in Hanoi. Mahmoud and El-Sayed [26] suggested a method of green network planning to analyze the ecological suitability of a new Egyptian city and identified suitable sites for developing UGS in a desert environment. The Japanese scholars M’Ikiugu et al. [27] analyzed the UGS through landscape metrics and identified the potential expansion area of UGS through the suitability checklist and proximity buffering carried out in a GIS environment.



In view of the complexity and uncertainty of an urban environment, how to identify the suitable evaluation index weight is a critical step for the UGS suitability evaluation. A number of recent papers have discussed the limitations of the AHP method in dealing with the complexity and uncertainty of the evaluation indicators and proposed a fuzzy comprehensive evaluation method to process uncertain and inaccurate problems [28,29,30,31]. However, the fuzzy comprehensive evaluation method has also been criticized for its inefficiency in decision-making [32]. There are basically 2 kinds of methods to identify the index weight. One is to use the subjective weight (SW), and the other is to use the objective weight (OW) [33,34]. SW generally relies on expert knowledge to identify the weight of each index and uses methods such as Delphi [35] and AHP [36]. However, these kinds of methods have a larger subjectivity and arbitrariness. They lack a consideration of the changes in objective conditions. OW is based on the statistical data of the evaluation index, which is based on a profound mathematical theory. These kinds of methods include the coefficient of variation (CV) [37], entropy weight (EW) [38], and principal component analysis (PCA) [39]. Nevertheless, the OW methods are more dependent on objective data and cannot reflect the importance of the expert in determining the weight, which usually results in inconsistencies with the actual situation. Compared with the EW and PCA methods, the CV method is easy to operate and requires less basic data; it can objectively reflect the relative importance of the evaluation index [40]. Therefore, we introduced the AHP-CV combined weight method to better evaluate the suitability of UGS, which takes advantage of both the AHP and CV methods, thus keeping a good balance between subjectivity and objectivity.



The main objectives of this study are (1) to propose the combined weight method of the AHP-CV combination, (2) to establish the suitability evaluation index system in the case study, and (3) to demonstrate the usefulness and benefits of the AHP-CV combined weight method in land-use-related fields.




2. Study Area and Data


2.1. Study Area


Fuping is located in the Weinan area of Shaanxi Province and belongs to a warm temperate continental semi-humid semi-arid monsoon climate. The annual average sunshine in 2352.3 h and annual average rainfall is 533.2 mm per annum, which is mostly concentrated in the months from July to September. Fuping County has a central city and 14 townships under its jurisdiction, with the total area of approximately 1245.99 square kilometers (Figure 1).



Founded during the Qin Dynasty, Fuping has a long history with many cultural relics throughout the county, including 10 state-protected historic sites. In addition, Fuping is rich in tourism resources, especially because of the 5 Tang dynasty tombs distributed in its northern mountains regions. The rivers inside the county belong to the Weyhe River system of the Yellow River Basin, which mainly consist of the Shichuan, Zhao, and Wenquan Rivers.




2.2. Data Sources


The remote sensing image from the 2017 Landsat8 of Fuping (Spatial Resolution 15 × 15 m, Source: http://www.gscloud.cn/) was used to extract land cover information. Based on the image fusion, correction, and registration of the Landsat8 remote sensing image, the heat island effect and NDVI raster data were obtained by using ENVI5.1. The slope and elevation data were obtained from the GRID digital elevation model (DEM) of the study area, and the DEM was downloaded from the Geospatial Data Cloud (Spatial Resolution 30 × 30 m, Source: http://www.gscloud.cn/). The Fuping Urban Master Plan 2015–2030 was obtained from the Planning Bureau of Fuping. The map of the vector data (including the pollution source, significant infrastructure, road traffic, ancient and famous trees, tourism resources, heritage sites, water, geological disasters, and ecological patches) was digitized from the Fuping Urban Master Plan 2015–2030 in ArcGIS10.5.





3. Methods


3.1. AHP-CV Combined Weight


The development of computer science and fuzzy mathematics has resulted in the evolution of the method for determining the indices weight from a single subjective qualitative technique into a comprehensive objective quantitative technique [41]. At present, the quantitative approaches for determining the index weight in UGS suitability evaluation are mostly single weighting methods. In order to avoid the possible inaccuracy caused by a single weighting method, we used the AHP method to calculate the SW and the CV method to calculate the OW; we combined the 2 kinds of weight information based on the principle of minimum information entropy [42].



1. AHP method for calculating the subjective weight



The AHP method is one of the most commonly used Multi-Criteria Decision-Making (MCDM) techniques that combines the qualitative and quantitative analysis of complex systems [43]. The MCDM preference process requires selected relevant experts to rank the criteria based on pairwise comparisons; these comparisons in our research were obtained by consulting with a team of 20 experts, including local residents, officials, and other experts engaged in geography and ecological research. We adopted Saaty’s [44] 1–9 scale method to establish pairwise comparisons, which was used to identify the relative importance of each criteria. The consistency check of the pairwise comparison matrix was checked. The consistency check formula is:


   R C = I C / I R   



(1)







If RC < 0.1, the consistency check result is acceptable, and the weight distribution is reasonable. Conversely, the matrix must be adjusted until the result meets the requirement.



2. CV method for calculating the objective weight



The coefficient of variation (CV) is a statistical measure of the dispersion of a probability distribution or frequency distribution [37], i.e., a ratio of the standard deviation to the mean of the evaluation expressed by an amount of variation. In this study, the CV method was used to calculate the objective weight.



We calculated the coefficient of variation:


    C i  =    σ i     μ i      



(2)







We calculated the weight:


    W  2 i   =    C i      ∑  i = 1  n    C i        



(3)




where    C i    is the coefficient of variation of the evaluation index  i ;    σ i    is the standard deviation of the evaluation index  i ;    μ i    is the average of the evaluation index  i ; and    W  2 i     is the index weight determined by the CV method.



3. Combination of the subjective and objective weights



We combined the weight    W  1 i     obtained by the AHP and the weight    W  2 i     obtained by the CV method. The combined weight of each evaluation index    W i    was calculated by the principle of minimum information entropy. The combined method makes full use of the advantage of the AHP and CV methods, and the uncertainty problem caused by a single weighting method was solved. Its formula is:


    W i  =      W  1 i    W  2 i         ∑  i = 1  n      W  1 i    W  2 i           



(4)








3.2. UGS Suitability Evaluation Model


3.2.1. The Evaluation Index System


Based on the literature review [36,45,46,47,48], we developed an optimized UGS suitability evaluation index framework that included the principles of stability, independence, systematicness, and comprehensiveness in accordance with the actual situation in Fuping County and the availability of the data sources. Evaluation factors were selected from 4 aspects including the human activities, historical sites, natural landforms, and biological protection which should be fully considered in the evaluation process of UGS suitability. Further, the existing land use, pollution sources, significant infrastructure, road traffic, ancient and famous trees, tourism resources, heritage sites, water area, slope, elevation, heat island effect, geological disasters, ecological patches, and NDVI were selected as the most basic factors having a significant impact on the UGS suitability evaluation. Finally, the UGS suitability evaluation index system contains 4 criteria and 16 sub-criteria (Table 1).




3.2.2. The Classification Criteria for the Evaluation Factors


We used the determined evaluation index system and local conditions to reclassify the basic impact factors in line with the attribute characteristics and the degree of influence on the evaluation. This study was inspired by the suitability classes proposed by the Food and Agricultural Organization (FAO) [49]. The UGS suitability classification consists of 5 levels and these levels have the numerical values 5, 4, 3, 2 or 1, which represent high-suitability, higher-suitability, medium-suitability, lower-suitability, and low-suitability, respectively (Table 2).




3.2.3. GIS Analysis and Processing of the Evaluation Index Data


To achieve the research purposes, 3 kinds of data processing were needed (Figure 2).



	(1)

	
DEM data processing: The DEM data were downloaded from the Geospatial Data Cloud, and the evaluation and slope were obtained from the surface analysis tool in ArcGIS10.5.




	(2)

	
Extract remote sensing image data: After preprocessing the remote sensing images, the existing land use classifications were obtained through the integration of supervised classification and field investigation. The NDVI was derived from the processing of remote sensing image multi-spectral images [50], and the heat island effect was obtained from an algorithm that was applied to retrieve the land surface temperature (LST) distribution from the Landsat8 data [51].




	(3)

	
GIS buffer analysis data: Using the classification criteria of the evaluation factor, the different distances of the buffer were established for the pollution sources, significant infrastructure, road traffic, water area and other factors.








3.2.4. Evaluation Index Weight Calculation


The SW and OW of each evaluation index were identified by the AHP and the CV methods, and the combined weight was identified by the principle of minimum information entropy. There were significant differences among the index weights obtained by different empowerment methods. According to the analysis in Table 3, the weight of the AHP method assumed that the ecological patches, water area, and NDVI were the 3 most important indices among the 14 indices and the pollution source was the least important. However, since the AHP method is generally affected by expert knowledge, its weight does not depend on the internal law of the objective data and the index with a larger weight has a greater influence on the overall weight. The CV method regards the NDVI as the most important index, and geological disasters and water area are considered the least important. The CV method is based on the internal law of objective data and may ignore the actual importance of the evaluation indicators. For example, although the weight of the water area should be larger in our study because water is regarded as extremely important to the UGS, the value of 0.0398 calculated by the CV method appears very far from the actual conditions. Therefore, the combined weight method can avoid the disadvantages of the SW and OW methods. This improves the accuracy of the MCDM techniques and offers a more practical value.




3.2.5. UGS Suitability Evaluation Model


Finally, the UGS suitability evaluation model was established by the Weighted Linear Combination (WLC) procedure. Then, we calculated the comprehensive evaluation value of the UGS suitability by using the raster calculator tool in ArcGIS10.5. The formula is


  S =   ∑  i = 1  n    W i   X i     



(5)







In this formula,  S  is the comprehensive value of the UGS suitability evaluation;  n  is the total factor number;    W i    is the combined weight result of factor  i ; and    X i    is the suitability value for factor  i .






4. Results


4.1. Fuping County Green Space Suitability Evaluation Results


Using the spatial analysis module of ArcGIS10.5, a comprehensive overlay analysis was performed on each evaluation index of Fuping County in accordance with the UGS suitability evaluation model to obtain the final evaluation value. The evaluation value was divided into 5 grades by Naturel Breaks: low-suitability, lower-suitability, medium-suitability, higher-suitability, and high-suitability (Figure 3). The results show that the distribution law of the green space suitability grade in Fuping County is generally high in the north and low in the south, and the urban ecological environment sensitive areas are highly concentrated. The high-suitability area is 164.78 km2, accounting for 13.2% of the study area. Most of these areas are rivers, lakes, and natural woodlands with a high green area coverage. The higher-suitability area is 229.1 km2, accounting for 18.4% of the study area. It belongs to the urban surrounding green space with a certain scale and highly concentrated distribution. The medium-suitability area is 260.95 km2, accounting for 20.9% of the study area. It belongs to a more dispersed distribution and is mostly UGS that is built within the city. The lower-suitability area is 357.19 km2, accounting for 28.7% of the study area. It is mainly the urban construction land with a relatively low building density, serious ecological, and environmental problems, that need to be strengthened by UGS construction. The low-suitability area is 233.97 km2, accounting for 18.8% of the study area. It is mainly basic protected farmland and the area has a high density of urban construction. In addition to strengthening the protection of basic farmland, it is important to build UGS for all available spaces as far as possible, to improve the urban green coverage.



The most suitable space for the construction of UGS is the area where the ecological environment is most fragile and ecological green space is urgently needed. According to the suitability evaluation results, the most suitable space for UGS distribution is relatively concentrated and mainly distributed in the northwest of woodland mountain area, the Jinshu mountain forest park and other cities in the surrounding hills area, Shichuan river, Zhao river, Wenquan river and other river banks, as well as south of Fuping’s central city, Taoyi village, Zan city, and other surrounding parks. Therefore, the construction of UGS should adopt the “concentration and dispersion” spatial organization mode to optimize the layout of green space construction. Using the UGS suitability evaluation, the spatial layout of green space systems can meet traditional qualitative planning requirements and make up for the quantitative analysis that traditional planning has found difficult to achieve. Therefore, it is a more scientific planning scheme than that of the traditional approach.




4.2. Spatial Layout Optimization of the Green Space System in Fuping County


The layout of UGS should be integrated, systematic, hierarchical and ecological [52]. Based on the results of the green space suitability evaluation in Fuping County, following the principle of “ecological-priority, people-oriented”, and relying on the current situation of green space layout characteristics, we suggested that natural conditions and historical cultural resources should be carefully monitored to maintain the systematization of green space. By managing green space effectively, an integration of the green space system of the city and countryside can be formed, featuring the “district, heart, core, belt, corridor, point and network” (Figure 4).



Note: Adapted from the Fuping Urban Green Space System Plan 2017–2030 [53].



Based on the evaluation results, we developed the following suggestions for the spatial layout of the green space system in Fuping County:



1. Protect the conservation of water resources and biodiversity in the northern mountainous regions



In order to improve the ecological environment and strengthen soil and water conservation, natural forest land protection projects should be carried out to improve the forest coverage and forest land quality in these mountainous regions. To strengthen the protection of the local wildlife and their habitats, we should strictly control the development of pollution projects and encourage the return of farmland to forests and grasslands.



2. Consolidate the landscape construction of the central city and surrounding towns



In order to improve the quality of the living environment, a “green heart” should be given more weight in the central urban area. We need to accelerate the construction of comprehensive urban parks, special parks, community parks, ribbon parks, street-side gardens, various types of affiliated green spaces, protective green spaces, and other UGS, while expanding the scale of the greening of the surrounding towns and cities.



3. Strengthen the construction of the landscape on both sides of the water and road corridors



By constructing ecological corridors to improve the ecological environment of rivers and roads, we could better connect the natural and human elements of the surrounding areas. By tapping resources with local characteristics and linking them to important green spaces, we could form an ecological network with important functions, like ecological maintenance, sightseeing tours, and recreation and entertainment, while strengthening the continuity of the landscape ecological processes and patterns.



4. Establish an UGS ecological network



The green space network is formed by connecting various types of ecological patches through the linear corridor, which can effectively improve the urban ecological environment quality, establish a virtuous cycle of the urban ecosystem, and promote the coordinated development of nature and city [54]. Therefore, by examining the present situation of Fuping green spaces and the results of the green space suitability evaluation, we believe that the central area of Fuping County should build more green spaces, especially in areas with a poor ecological environment quality and serious pollution. More attention should be given to systematicness and consistency of green space system planning. A wedge-shaped landscape can be established to connect open spaces, such as the suburban parks, northern forests, and river, forming an ecological network system of a “green heart—green corridor—green net”.





5. Discussion


5.1. AHP-CV Combined Weight of UGS Suitability Evaluation


Previous studies have proved that the UGS suitability evaluation is critical to UGS location selection [55,56,57,58]. However, the evaluation index weight will affect the evaluation results. This case study shows that neither the AHP nor the CV method alone can meet the needs of UGS suitability evaluation in practice. The high-valued evaluation results obtained by the AHP method are more concentrated, and the indicators with a higher weight have a greater impact on the evaluation results (Figure 5a). The CV method relies too much on objective data. Although this method can reflect the actual situation, it ignores the influence of expert knowledge, which can lead to inaccurate results (Figure 5b). Therefore, the AHP-CV combined weight method is a better choice for determining the weight of the index since it takes the advantage of both the AHP and CV methods (Figure 5c).




5.2. Contributions to the Literature


Metropolitan green space system planning should not only consider the connection between the elements in urbanized areas but also the connection between the urbanized areas and rural areas in its jurisdiction. Although many studies have shown that suitability evaluation analysis is a common quantitative method in UGS planning [36,59,60], it is not the only one. There are still many studies that use other methods, such as landscape metrics analysis, landscape connectivity analysis, accessibility analysis and network analysis [61,62,63,64,65]. By comparison, given that the AHP-CV combined weight method considers both subjectivity and objectivity, it can quickly and scientifically identify the suitable sites for developing UGS in practice. It is noteworthy that this new method can also be easily applied to other green infrastructure planning studies.




5.3. Limitations of the Results


The UGS suitability evaluation is a synthetic and complicated analysis. In practice, due to the diversity of the evaluation indicators and models, complexity of the case being studied, and data available, it is very difficult to find a well-recognized research method for the UGS suitability evaluation. We have innovatively proposed the AHP-CV combined weight method, which not only avoids the possible inaccuracies caused by the single weighting method but also enriches the research in the field of spatial MCDM techniques. However, we acknowledge that this method also has limitations in the evaluation index system and the classification criteria for the evaluation factors. This study is not comprehensive enough in regard to the evaluation index system, especially when examining the regional impact of economic factors; the population data were also not considered. The classification criteria for the evaluation factor were empirical values, which is also a subject worthy of further discussion. This study only explored the static green space suitability in Fuping County, which is just a sectional UGS evaluation suitability. Thus, the study of the dynamics of UGS suitability evaluation will be a research focus in the future.





6. Conclusions


The method of UGS suitability evaluation is a key tool to identify suitable locations for UGS planning and construction. Due to this evaluation technique’s limitations in terms of its subjectivity and uncertainty, methodological innovation is urgently needed. Thus, we introduced the AHP-CV combined method to determine the weight of the UGS suitability evaluation. By comparing the UGS suitability evaluation results obtained by the AHP, CV, and AHP-CV combined weight methods, we found that our new UGS suitability evaluation method is optimal, as it fully takes the advantage of the SW method while avoiding the deficiencies of the OW method, thus keeping a good balance between subjectivity and objectivity.



The new UGS suitability evaluation index system was established using 4 aspects of the Fuping green space system. The results show that the high-suitability evaluation areas are mainly distributed around the northern mountainous regions, 2 important rivers, and the outer areas of the central city. Therefore, the local governments should strengthen the planning and construction of UGS and strengthen their coordination with the urban master plan. Four detailed spatial layout suggestions for green space system planning were suggested: (1) protect the conservation of water resources and biodiversity in the northern mountainous regions, (2) consolidate the landscape construction of the central city and surrounding towns, (3) strengthen the construction of the landscape on both sides of the water and road corridors, and (4) establish an UGS ecological network.



In summary, this paper is a scientific attempt to improve the UGS suitability evaluation method. The empirical research has shown that the AHP-CV combined method is an easy operation and efficient technique that can be widely used in the related fields of land-use planning, green infrastructure planning, and transportation and tourism planning.
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Figure 1. The study area: location and evaluation 
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Figure 2. The images of the factor evaluation result: (a) existing land use; (b) pollution source; (c) significant infrastructure; (d) road traffic; (e) ancient and famous trees; (f) tourism resources; (g) heritage sites; (h) water area; (i) slope; (j) elevation; (k) heat island effect; (l) geological disasters; (m) NDVI; and (n) ecological patches. 
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Figure 3. The image of the green space suitability evaluation in Fuping County. 
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Figure 4. The image of the green space system of Fuping County. 
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Figure 5. The images of the evaluation results of the 3 weight methods. (a) AHP method; (b) CV method; and (c) AHP-CV combined weight method. 
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Table 1. UGS suitability evaluation index system.
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No.

	
Criteria

	
Sub-Criteria

	
Description






	
1

	
Human activities (X1)

	
Existing land use (X11)

	
Reflects the ecological value of land resources




	
2

	
Pollution source (X12)

	
Reflects the degree of pollution impact on the region




	
3

	
Significant infrastructure (X13)

	
Characterization of significant infrastructure requires greenbelt isolation




	
4

	
Road traffic (X14)

	
Characterizes the basic conditions of green traffic corridors




	
5

	
Historical sites (X2)

	
Ancient and famous trees (X21)

	
Reflects the ecological protection value of ancient and famous trees




	
6

	
Tourism resources (X22)

	
Reflects the development degree of regional tourism resources




	
7

	
Heritage sites (X23)

	
Reflects the ecological and cultural values of heritage sites




	
8

	
Natural landforms (X3)

	
Water area (X31)

	
Factors that reflect the conditions of regional water resources and maintenance of the ecological balance




	
9

	
Slope (X32)

	
Reflects the degree of impact on vegetation distribution




	
10

	
Elevation (X33)

	
Reflects the degree of impact on living creatures




	
11

	
Heat island effect (X34)

	
Reflects the influence of regional temperature differences on vegetation




	
12

	
Geological disasters (X35)

	
Reflects the stability of the development of green space by geological disasters




	
13

	
Biological protection (X4)

	
Ecological patches (X41)

	
Reflects the degree of biological diversity




	
14

	
NDVI (X42)

	
Reflects the growth of green vegetation
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Table 2. The classification criteria for the UGS suitability evaluation factor.
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Criteria

	
Sub-Criteria

	
Layer Classification (Suitability)




	
5

	
4

	
3

	
2

	
1






	
Human activities (X1)

	
Existing land use (X11)

	
Forest, water

	
Green space

	
Agricultural land

	
–

	
Construction land




	
Pollution source (X12)

	
<300 m

	
–

	
300–500 m

	
500–1000 m

	
>1000 m




	
Significant infrastructure (X13)

	
<40 m

	
–

	
40–80 m

	
80–200 m

	
>200 m




	
Road traffic (X14)

	
<50 m

	
–

	
50–100 m

	
100–200 m

	
>200 m




	
Historical sites (X2)

	
Ancient and famous trees (X21)

	
<30 m

	
–

	
30–50 m

	
50–100 m

	
>100 m




	
Tourism resources (X22)

	
<500 m

	
500–1000 m

	
1000–2000 m

	
2000–5000 m

	
>5000 m




	
Heritage sites (X23)

	
Heritage site

	
< 500 m

	
500–1000 m

	
–

	
>1000 m




	
Natural landforms (X3)

	
Water area (X31)

	
Water

	
< 100 m

	
100–300 m

	
300–500 m

	
>500 m




	
Slope (X32)

	
>20°

	
15–20°

	
10–15°

	
5–10°

	
<5°




	
Elevation (X33)

	
>1000 m

	
800–1000 m

	
600–800 m

	
400–600 m

	
<400 m




	
Heat island effect (X34)

	
Below the average temperature 4 degrees

	
Below the average temperature 4–3 degrees

	
Below the average temperature 3–2 degrees

	
Below the average temperature 2–1 degrees

	
Other




	
Geological disasters (X35)

	
Geological disaster area

	
>20 m

	
20–40 m

	
40–80 m

	
>80 m




	
Biological protection (X4)

	
Ecological patches (X41)

	
Ecological patches

	
>300 m

	
300–500 m

	
500–1000 m

	
>1000 m




	
NDVI (X42)

	
NDVI > 0.3

	
0.2 < NDVI < 0.3

	
0.1 < NDVI < 0.2

	
0 < NDVI < 0.1

	
NDVI < 0
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Table 3. UGS suitability evaluation index weight and weight ranking.
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	Code
	Evaluation Factor
	AHP Weight
	AHP Weight Ranking
	CV Weight
	CV Weight Ranking
	Combined Weight
	Combined Weight Ranking





	X11
	Existing land use
	0.0302
	11
	0.0858
	3
	0.0568
	8



	X12
	Pollution source
	0.0174
	14
	0.0585
	7
	0.0356
	14



	X13
	Significant infrastructure
	0.0325
	10
	0.0534
	9
	0.0465
	10



	X14
	Road traffic
	0.0649
	5
	0.0469
	11
	0.0616
	7



	X21
	Ancient and famous trees
	0.0239
	12
	0.0541
	8
	0.0401
	13



	X22
	Tourism resources
	0.0477
	7
	0.0927
	2
	0.0742
	4



	X23
	Heritage sites
	0.0239
	13
	0.0639
	5
	0.0436
	12



	X31
	Water area
	0.1521
	2
	0.0398
	13
	0.0869
	3



	X32
	Slope
	0.0427
	9
	0.0588
	6
	0.0559
	9



	X33
	Elevation
	0.0519
	6
	0.0751
	4
	0.0697
	5



	X34
	Heat island effect
	0.0743
	4
	0.0502
	10
	0.0681
	6



	X35
	Geological disasters
	0.0452
	8
	0.0375
	14
	0.0459
	11



	X41
	Ecological patches
	0.2622
	1
	0.0414
	12
	0.1163
	2



	X42
	NDVI
	0.1311
	3
	0.2419
	1
	0.1987
	1











© 2018 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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