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Abstract: With the development of urbanization in developing countries, some large cities have
experienced rapid population growth and industrial expansion in a short period of time. In order to
reasonably expand the scale of the city and guide the orderly outward movement of population and
industries, it is urgent to improve the human settlement environment (THSE) in the surrounding
areas of large cities. In the case of limited financial funds, different areas around the city need to be
improved one by one according to the order of improvement grades. Since THSE is a comprehensive
system involving multiple levels and indexes, it is difficult to assess it in a simple way. The previous
assessment of THSE mainly focused on qualitative and semi-quantitative aspects, with poor accuracy.
In this paper, the author takes JianYang County under the jurisdiction of Chengdu City in Southwest
China as an example and uses the Fuzzy Analytic Hierarchy Process (FAHP) to quantitatively calculate
the improvement grade of THSE in 55 townships of JianYang County. The author carried out an
investigation for more than one year. According to the actual situation of JianYang County, five
primary indexes and 22 secondary indexes were selected to establish a comprehensive evaluation
index system. This index system contains 1210 statistical data points, and more than 30,000 data
points were calculated and derived in this article. Finally, the author calculated the improvement
grade of 55 townships by FAHP quantitatively and carried out a horizontal comparison of townships
within the same grade to further determine the order of improvement of THSE.

Keywords: the human settlement environment (THSE); Fuzzy Analytic Hierarchy Process (FAHP);
quantitative calculation; improvement grade; JianYang County

1. Introduction

The concept of the human settlement environment (THSE) began with the theory of “human
settlement” proposed by Doxiadis C A in 1975 [1]. The Chinese scholar Liangyong Wu first advocated
the establishment of THSE science in 1990 [2]. He believes that THSE is a place where human beings
live together, which is composed of the natural system, human system, social system, living system, and
environmental system. With the continuous progress of human civilization, THSE is also constantly
improved. It can be said that the history of human development is also a history of the improvement
of THSE. In the contemporary world, THSE has become an important indicator for measuring the
living standard of a country and a region [3]. Although the concept of THSE was put forward earlier,
the research on the Ekistics theory and THSE remain hot topics worldwide. Regarding solving the
problem of THSE, Western developed countries are at the forefront of the world, but the developing
countries with large populations and poor areas still facing huge problems regarding THSE. Moreover,
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the assessment method of THSE has been changing dynamically as time progresses. As the largest
developing country in the world, the process of urbanization in China has been accelerating since
the reform and opening up. Some super-large cities are suffering from “Big City Diseases” due to
rapid population growth and industrial expansion. Excessive population and industries have gathered
in the main urban area of the cities, resulting in housing shortages, traffic congestion, air pollution,
natural environment deterioration, and other problems, which seriously affect the quality of life of
urban residents [4]. To solve the “Big City Diseases”, local governments need not only to improve the
living conditions of residents in the main urban areas but also, more importantly, the need to expand
the city scale reasonably, making great efforts to improve THSE of the surrounding areas and guiding
the orderly outward movement of population and industries. The development of mega-cities in major,
Western, developed countries has basically gone through this process [5-7].

Before starting to improve THSE in the surrounding areas of the city, it is necessary to assess
the current situation of THSE in the selected areas, and priority should be given to areas where
improvement is urgently needed. Therefore, to reasonably classify THSE in different areas is very
important. THSE is a multi-level and multi-type spatial system, involving many aspects such as
politics, economy, culture, society, population, resources and the natural environment, which is very
complicated when carrying out an assessment [8-10]. Many experts and scholars have carried out
research into the assessment and improvement of the human settlement environment (THSE).

Daisy Das found that dimensions of quality of life in Guwahati are closely linked with the economic,
social and physical environment. To improve the quality of life, a joint evaluation mechanism must
be established [11]. According to the survey data, Lazauskaité, D. et al. constructed a group of
comprehensive evaluation systems of rural residential environment quality indexes based on subjective
evaluation [12]. Yi Wang et al. took Zhejiang province, China, as an example and constructed
the assessment framework of human habitability from three aspects—the ecological environment,
economic development, and public service—and evaluated human habitability based on questionnaire
survey [13]. Bonaiuto M. et al. introduced some related tools of UN-Habitat CPI and discussed the
relationship between the overall living environment, community ownership and overall satisfaction of
residents in Tabriz, Iran [14]. Based on the entropy analysis method and the ArcGIS spatial analysis
method, Zhanhua Jia et al. explored the spatial-temporal characteristics of the livability levels of
37 cities in Northeast China from 2007 to 2014 [15]. Yan M et al. studied the environmental quality
of urban residential areas by using the image data collected by a high-resolution remote sensing
satellite in China [16]. Huiping H. et al. used the remote sensing data collected by the Gaofen 2
satellite and remote sensing data collected by some enterprises to establish an adaptive evaluation
system for residential land and construction land in Haidian District, Beijing, and performed relevant
semi-quantitative calculations [17].

Ning T. et al. used an entropy method to calculate the quality and spatial distribution of the
rural human settlement environment in 37 counties of Chongqing [18]. Based on the SBM-DDF model,
Ning C. et al. discussed green development and new urbanization in China [19]. Considering the
International and Russian experience of the utilization of solid waste, P. A. Lavrinenko analyzed the
characteristics of investment projects that are aimed at solving environmental problems [20]. Nany
Yuliastutil et al. proposed how local governments and communities should make decisions when
building ecological villages with a good living environment [21]. Chiang, C.-L. et al. used the Analytic
Hierarchy Process (AHP) method and three indicators to evaluate livable urban environments and
calculated each indicator’s weight [22]. Liaghat, M. explored and selected some evaluation indexes
of coastal tourist destinations in the Dixon port area of Malaysia by using AHP alone [23]. Xia
Z. et al. established the theoretical framework of rural human settlements quality assessment, including
hardware facilities and soft power in rural areas. In addition, six provinces in Central and Eastern
China were investigated and examined by the structural equation model [24]. E. Shcherbin et al.
studied several factors influencing the development of the rural settlement environment and compiled
a settlement potential cartogram for the Mogilev region in Russia [25]. Urban Benchmarking is a
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tool to scan the potentials of European cities. It is meant as a practical tool for comparing cities and
city-regions based on pan-European territorial evidence produced by ESPON [26,27]. The ESPON
2013 Programme, the European Observation Network for Territorial Development and Cohesion, was
adopted by the European Commission on 7 November 2007. The Urban Benchmarking Tool and the
CityBench Tool are widely used in Europe [28,29]. Some other experts and scholars have also carried
out some relevant research works [30—44].

On the whole, experts and scholars place different emphases on the assessment methods of THSE,
but there are also the following shortcomings:

1.  Most of these studies focused on qualitative aspects, and rare quantitative calculations were made
in the assessment of THSE.

2. Some scholars used the principal component analysis method, the grey relational analysis method,
and the SBM-DF model to evaluate THSE. These semi-quantitative methods are not perfect in
theory, and the calculation process is inconsistent with human logic judgment thinking.

3. Some scholars used the entropy weight TOPSIS method and Delphi method, meaning that the
calculation process was too complicated to give a clear assessment result of THSE.

4. The Urban Benchmarking Tool and the CityBench Tool are only targeted at the European regions,
and there are no data from other regions. The evaluation methods and evaluation indexes of
these two tools cannot solve the problem of the human settlement assessment.

In view of this, based on the analysis of previous research results, this paper adopts the Fuzzy
Analytic Hierarchy Process (FAHP), which is more perfect in theory, clearer in level and simpler in
its calculation process to evaluate THSE [45]. FAHP has obvious advantages in solving fuzzy and
unstructured decision-making problems [46,47]. This method can make the subjective judgment
process mathematical and logical, and the judgment process is more consistent with human thinking,
which is very suitable for solving the problem of human settlement environment (HSE) assessment.
In this paper, the author takes JianYang County under the jurisdiction of Chengdu City in Southwest
China as an example and uses the FAHP to quantitatively calculate the improvement grade of THSE in
55 townships of JianYang County.

2. Materials and Methods

2.1. Study Area

Chengdu is the capital city of Sichuan Province in China. It is also the most important central
city and mega-city in Southwest China. The development of Chengdu for more than 3000 years
has taken place in the plain area between the Longmen Mountains and the Longquan Mountains
(as shown in Figure 2), expanding circle by circle in the way of single-center gathering. Since the
reform and opening up, with the increasing level of economic development in Chengdu, the industrial
scale and population-scale have experienced explosive growth. At present, Chengdu exhibits the
problems of housing difficulties, traffic congestion, air pollution, and environmental degradation.
The original urban spatial structure can no longer satisfy the needs of the modernization development
of the mega-city. Therefore, it is particularly urgent to expand the city scale to the surrounding
areas. As Chengdu is located at the northwest edge of the Sichuan Basin, the special geographical
structure determines that this city can only expand to the east or south. Therefore, the Chengdu
Municipal Government proposed “Chengdu’s overall plan for implementing the strategy of ‘Eastward’
(2018-2035)” in 2018 (File S1) and plans to build a new eastern city by crossing the Longquan mountains
in nearly 20 years. While solving Chengdu’s “Big City Disease”, this can achieve the purpose of
improving the human settlement environment (THSE) and reshaping the spatial structure of urban
areas [48].

The main implementation area of the new eastern city is located in JianYang County, the
geographical location maps are shown in Figures 1 and 2. JianYang County has a total area of
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2213.5 km?, a population of 1.5 million and 55 townships and is currently managed by Chengdu
city. The residents in the county are mainly engaged in agricultural product planting, breeding and
manufacturing, and the economic development level of each township is quite different [49,50]. In
order to better conduct the population transfer and build a livable urban environment, according to
the requirements of the “Plan”, the Chengdu Municipal Government plans to carry out infrastructure
improvement and THSE improvement in JianYang County in batches and regions over a period of 20
years. Therefore, it is particularly important to clarify the characteristics of THSE in JianYang County
and to formulate a plan for the treatment of different human settlement environments according to
local conditions. As a large number of financial resources are needed to build the new eastern city,
it is impossible to invest huge financial funds in a short period of time. The Chengdu Municipal
Government can only pay part of the annual expenses for the improvement of THSE in JianYang
County. In order to achieve the maximum effect of improvement with limited investment, a reasonable
improvement plan must be formulated. Therefore, it is necessary to assess THSE of the 55 townships
in JianYang County and classify the urgency degree of improvement of the 55 townships. According to
the improvement priority, priority should be given to the areas that need to be improved urgently, and
the areas that do not need urgent improvement can be treated gradually in the later stage.
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Figure 1. The location of the study area. (A) Location of Chengdu city in China. (B) Location of
JianYang County of Chengdu city. (C) Administrative division of the study area: JiangYang County.
(The maps were created in ArcGIS software Version 10.2. A high-resolution image can be found in
Supplementary Materials).
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Figure 2. The geographical location map (3D Space Diagram, A high-resolution image can be found in

Supplementary Materials).

2.2. Research Method

In carrying out research on the human settlement environmental (THSE) assessment and
improvement, some other qualitative and semi-quantitative methods have also been adopted by
some experts and scholars. These methods mainly include the principal component analysis method,
entropy weight TOPSIS method, grey relational analysis method, Delphi method, SBM-DDF model,
and so on. However, compared with the FAHP, these methods generally have the disadvantages of
lacking rigorous theory, strong subjective judgment consciousness, poor calculation accuracy and so
on. FAHP has the advantages of a complete theoretical system, a concise calculation process, and
calculation results in accordance with human thinking logic, etc. It is suitable for solving problems
that are difficult to quantify in the process of THSE assessment.

The Fuzzy Analytic Hierarchy Process (FAHP) is a kind of calculation method combining the
Analytic Hierarchy Process (AHP) and fuzzy comprehensive evaluation method (FCEM). AHP is
a decision-making method that decomposes the decision-making elements into objectives, criteria,
schemes and other levels, on which qualitative and quantitative analysis are carried out. This method
was first proposed by T.L. Saaty, a professor at the University of Pittsburgh [51,52]. The characteristic
of this method is to make the decision process mathematical by using less quantitative information.
The basic idea of AHP is to decompose the problem itself in layers, forming a hierarchical structure
from the bottom to top, which is used to solve unstructured decision problems [53]. Among many
evaluation methods, AHP has a complete theory and rigorous structure, which can make the subjective
judgment process mathematical and thoughtful. Its decision-making basis is easy to be accepted by
people, and it is more suitable for solving complex social science evaluation problems.

However, AHP also has a limitation, that is, when there are more evaluation indexes, the
consistency of its thinking is hard to guarantee. In order to solve this problem, the FCEM based on
fuzzy mathematics was applied to AHP in this article, which can overcome the shortcoming of AHP.
The core of the FCEM is to change qualitative subjective judgment into quantitative objective judgment
based on membership theory, that is, a comprehensive, accurate and objective evaluation of things or
objects restricted by many factors was made according to fuzzy mathematics [54,55].

The problem-solving process of FAHP can be divided into four basic steps, as follows: (1) select the
appropriate evaluation indexes based on the characteristics of the evaluation objects, and establish the
comprehensive evaluation index system based on the evaluation indexes, (2) use AHP to calculate the
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weight w; (i represents the number of evaluation indexes) of the evaluation index in the corresponding
index level, and determine the weight vector W of the comprehensive evaluation index system, W=
(w1, w, ... w;), (3) use FCEM to calculate the evaluation vector e;=(e1, €2, ... ¢j) (f represents the
number of evaluation objects, j represents the number of evaluation grade) of each evaluation index
in turn, and determine the evaluation matrix E of all evaluation indexes, E=(eq, ey, ... et)T, and (4)
calculate the comprehensive evaluation set C of each evaluation object based on the theory of fuzzy
mathematics, C=(cqy, ¢y, . .. ¢, where the maximum value of ¢ corresponds to the evaluation grade of
the research object.

2.3. Data Collection and Analysis

The author has been engaged in the research into sustainable urban and rural development and
the human settlement environment (THSE) for a long time. The team to which the author belongs
was invited to participate in the preliminary work of human settlement environment assessment and
improvement in JianYang County, Chengdu. The author has made a detailed investigation of the
basic situation of JianYang County for more than one year. On the basis of consulting a large amount
of official data and on-the-spot investigation visits, the author has obtained more detailed data of
each township.

In order to truly reflect the actual situation of THSE in JianYang County, the author takes the
comprehensiveness and accuracy of data investigation as the most important principle when collecting
and analyzing the statistics. THSE of a region is synergistic with multiple factors. Therefore, the author
has fully considered the actual development condition of JianYang County during the establishment of
a comprehensive evaluation index system. In the process of selecting evaluation indexes, they include
not only the macro level and micro level, but also quantitative and quality factors. Finally, the author
took 55 townships in JianYang County as the research object and selected five representative primary
indexes and 22 secondary indexes to study the local THSE. The five primary indexes are economic
conditions, living conditions, traffic conditions, public services, and the ecological environment.
The comprehensive evaluation index system is shown in Table 1. Detailed data of each township are
shown in Table 2.

Table 1. The comprehensive evaluation index system.

Primary Index Symbol Secondary Index Symbol Unit
Per capita local GDP F USA $
. Per capita disposable income of residents F USA $
Economic . L. o
Conditi F Family average Engel coefficient F3 Yo
onditions Proportion of added value of tertiary industry in local GDP Fy %
Proportion of Municipal Public facilities Construction Capital Investment
. Fs %
in local GDP
Harmless treatment rate of domestic garbage Ly %
Sewage treatment rate L, %
Living Conditions L Gas penetration rate Ls %
Tap water penetration rate Ly %
Per capita housing area Ls m?
Road hardening rate T %
. - Highway mileage per 100 people T, m
Traffic Conditions T Ordinary road mileage per 100 population T3 m
Number of buses per 1,000 people Ty
Number of clinics or hospitals per 1000 people Py
Number of schools per 1000 people P,
Public Services P Stadium area per 1000 people P3 m?
Number of urban comprehensive fire control facilities per 1000 people Py
Growth rate of public security cost Ps %
Ecological Green coverage rate of built-up area E; %
cological . . . . o
Environment E Proportion of days with good air quality throughout the year E, Yo

Per capita park green area E3 m
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Table 2. Detailed data of each township in JianYang County

Evaluation Index F L T P E
Code Place Name F1 Fz F3 F4 F5 L1 Lz L3 L4 L5 T1 Tz T3 T4 P1 Pz P3 P4 P5 E1 Ez E3
Number  (Township) USAS$ USA$ % % % % % % % m? % m m m % % % m?
1 Hongyuan 3,000.61 1,621.76 437 201 354 456 245 453 643 486 737 00 506 24 1.2 0.4 174 42 54 625 822 35
2 Tonghe 2,966.73 1,512.32 438 204 333 464 251 462 656 475 634 00 603 32 2.3 06 193 53 63 534 816 3.1
3 Xinxing 1,922.09 1,257.16 449 212 367 358 204 463 662 463 624 00 583 33 2.1 06 165 57 58 617 814 43
4 Lingxian 3,616.32 1,757.17 432 223 321 503 355 475 603 488 785 53 677 3.1 1.8 07 172 54 76 726 805 47
5 Sanxing 2,912.93 1,409.83 445 205 295 478 334 423 594 456 653 00 621 2.5 2.3 05 145 65 85 678 808 52
6 Zhoujia 3,027.67 1,542.97 437 208 346 492 347 484 623 421 674 182 542 1.9 2.1 03 204 42 62 669 849 32
7 Zhuangxi 3,269.72 1,925.75 431 304 403 516 363 495 635 395 735 75 556 26 24 05 231 5.3 75 713 781 35
8 Tashui 2,369.01 1,282.95 450 192 301 362 229 422 573 403 713 00 573 23 22 04 185 47 6.8 685 877 42
9 Yangma 4,810.92 2,354.16 426 336 443 532 368 495 665 387 845 194 678 1.9 1.5 03 169 38 7.1 764 863 27
10 Pingwo 2,589.29 1,389.13 446 185 286 461 331 396 618 378 647 313 669 34 3.2 05 207 56 53 682 868 33
11 Qinglong 3,318.40 2,081.84 424 352 324 535 373 407 679 412 689 102 624 3.1 3.3 0.6 203 68 57 783 836 35
12 Shipan 3,036.77 1,400.00 441 275 304 473 336 398 573 386 667 161 651 1.5 1.6 03 156 39 66 568 822 28
13 Laojunjin 2,977.79 1,457.21 439 245 274 375 246 414 603 391 654 78 703 35 25 0.4 193 52 79 593 786 29
14 Jiajia 5,260.68 2,779.62 425 426 415 642 382 525 702 385 792 178 508 1.8 1.5 03 172 37 59 621 775 25
15 Taipinggiao 2,617.01 154047 438 305 423 483 351 534 616 424 731 183 568 1.6 1.7 02 195 42 84 632 770 32
16 Shigiao 5,319.41 2,406.85 415 402 463 563 393 573 748 356 802 186 678 21 2.3 04 233 37 93 705 805 3.1
17 Shizhong 4,390.97 2,320.00 423 424 412 621 453 531 751 363 805 156 669 22 1.6 04 256 38 88 577 811 34
18 Sanhe 2,388.26 1,161.50 446 294 367 484 364 402 729 427 642 65 579 1.8 1.8 03 163 33 68 654 814 46
19 Jinma 3,669.13 1,917.60 428 346 326 522 349 456 734 416 686 00 759 32 3.1 0.4 158 53 85 712 836 44
20 Wuhe 3,361.56 1,714.42 429 327 361 543 382 413 678 397 663 00 547 32 3.2 05 204 67 79 685 838 41
21 Wuzhi 2,951.69 1,528.65 435 258 335 478 371 422 653 384 657 00 635 29 2.6 06 221 52 9.7 736 852 3.6
22 Gaoming 2,946.65 1,771.03 431 274 406 464 312 463 687 406 745 137 621 2.7 24 0.5 179 51 86 671 844 37
23 Tanguan 5,857.24 3,248.88 394 395 364 581 402 573 732 375 735 232 637 3.1 35 03 186 47 82 668 795 26
24 Hailuo 5,061.99 2,662.82 40.8 384 374 563 413 565 717 367 768 00 546 31 31 04 196 63 84 763 775 29
25 Wumiao 4,589.29 2,569.05 412 363 332 523 425 521 758 381 774 00 537 25 2.5 0.5 157 58 78 736 762 32
26 Danjing 4,666.67 2,282.66 421 355 432 604 456 524 763 372 721 58 727 32 34 05 215 6.2 75 568 753 28
27 Yucheng 4,969.26 2,684.76 40.7 389 405 625 458 532 794 363 785 84 534 16 25 03 234 37 77 643 748 34
28 Sancha 5,309.74 2,779.74 403 405 421 587 397 496 714 354 793 00 592 14 1.8 02 259 38 59 662 740 23
29 Xinmin 3,763.47 2,184.05 425 411 463 564 389 485 681 386 712 00 698 32 29 04 217 54 63 584 734 29
30 Futian 5,542.97 2,925.51 402 436 321 637 468 503 692 392 718 00 742 33 3.8 05 172 63 75 682 732 24
31 Dongjiageng 4,690.13 2,622.75 408 374 296 659 463 497 657 403 765 79 708 32 3.6 05 168 53 69 548 723 25
32 Caochi 3,992.69 2,321.92 424 364 351 616 471 489 669 405 779 00 521 1.3 1.7 0.2 193 34 103 539 715 26
33 Shibandeng 5,475.15 3,426.78 392 456 429 664 472 496 703 387 846 92 578 21 25 04 204 47 95 572 712 31
34 Lujia 3,152.06 1,797.61 423 334 374 563 386 485 715 407 688 69 489 23 24 05 225 36 99 634 819 36
35 Qingfeng 2,846.39 1,256.33 452 263 257 475 361 525 717 434 603 136 456 1.6 1.6 03 236 37 114 675 833 46
36 Zhenjin 3,670.74 1,724.79 424 305 274 436 358 465 745 412 654 178 731 3.8 3.2 06 274 67 105 587 838 43
37 Laolong 4,100.38 1,923.05 421 326 325 563 432 432 726 436 662 00 729 33 2.6 04 283 72 102 754 847 45
38 Wangshui 2,779.11 1,426.49 441 276 208 478 365 411 664 418 648 154 60.2 1.6 1.7 05 251 4.3 96 728 805 438
39 Leijia 3,317.75 1,655.66 432 243 264 359 264 406 647 406 689 136 584 32 2.6 05 235 53 98 719 805 37
40 Yongning 2,878.86 1,408.21 443 256 243 392 339 397 638 433 756 203 694 26 1.9 04 217 34 84 736 795 35

7 of 21
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Table 2. Cont.

Evaluation Index F L P E
Code Place Name F1 Fz F3 F4 F5 L1 Lz L3 L4 L5 T1 Tz T3 T4 P1 Pz P3 P4 P5 E1 Ez E3
Number  (Township) USA$ USA$ % % % % % % % m? % m m m % % % m?
41 Jiangyuan 2,664.07 1,412.78 444 289 30.1 436 367 423 614 456 738 143 452 1.4 1.2 0.2 178 27 6.7 734 792 41
42 Jiancheng 8,158.11 5,210.31 323 523 465 756 534 643 834 323 935 102 423 24 1.1 02 193 46 113 502 784 15
43 Dongxi 5,989.57 2,905.04 395 464 437 703 501 595 788 354 904 113 632 21 1.3 02 168 32 105 537 775 1.9
44 Xinshi 4,732.71 2,710.49 406 437 412 685 497 584 778 368 886 132 654 17 1.2 0.2 178 35 9.7 624 781 14
45 Pingwu 2,201.87 1,065.18 456 226 341 532 435 421 743 412 834 178 705 33 3.2 04 154 63 6.8 685 767 26
46 Puan 2,159.54 1,030.46 452 218 335 468 374 405 737 438 765 194 713 37 27 04 197 47 79 693 803 35
47 Hefeng 1,953.80 891.40 462 195 343 435 352 416 669 445 732 203 623 25 1.8 0.3 173 4.2 102 738 814 37
48 Yunlong 1,660.25 903.60 463 18.6 337 428 243 427 632 396 875 00 615 24 2.1 05 204 58 93 724 819 42
49 Yongquan 2,790.90 1,382.65 442 267 283 568 327 413 617 433 834 267 756 43 34 05 235 68 96 743 808 3.8
50 Pingxi 1,811.88 1,133.47 451 256 295 512 319 426 675 354 812 305 684 26 24 04 228 58 106 671 825 4.1
51 Anle 1,600.13 895.46 465 221 289 379 275 409 637 348 764 245 723 35 34 06 214 73 75 772 863 27
52 Wuxing 1,948.84 1,117.34 454 234 253 394 346 399 743 382 732 231 651 2.8 3.1 05 243 64 84 746 866 3.1
53 Pingquan 1,768.72 982.76 46.1 227 302 323 285 432 758 405 696 228 673 3.6 2.8 0.3 19.1 5.2 9.1 719 874 23
54 Shijia 3,851.67 2,084.19 427 378 267 487 386 475 689 446 702 168 725 35 3.2 05 182 6.1 104 684 844 33
55 Feilong 2,071.72 1,227.49 448 287 224 536 353 407 652 457 706 132 779 31 32 06 205 58 95 702 847 41

8 of 21

Sources of the statistical data include (1) Data obtained from the field survey by the author and her team for more than one year. (2) “China Statistical Yearbook”, “China Rural Statistical
Yearbook”, “China Civil Administration Statistical Yearbook”, “Chinese Social Statistical Yearbook”, “Chinese Cultural and Cultural Relics Statistical Yearbook”, “Sichuan Statistical
Yearbook 2019”7, “Sichuan Statistical Yearbook 2018”, “Sichuan Statistical Yearbook 2017”, “Evaluation standard for sustainable development of Chinese Academy of Sciences”, “Sichuan
Rural Statistical Yearbook 2018”, “Sichuan Rural Statistical Yearbook 2017”, “Sichuan Rural Statistical Yearbook 2016”, “Sichuan Ecological Province Construction Planning Outline”,
“JianYang County Records”. (3) Official data from some official websites. (4) Some micro survey data are from social survey reports provided by Sichuan University, Sichuan Normal
University and Renmin University of China.
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3. The Application of FAHP and Results
3.1. Weight of Evaluation Index

3.1.1. Judgment Matrix

After the establishment of the comprehensive evaluation index system, the judgment matrix of the
primary index and the secondary index can be constructed by AHP, and the weight value of each index
can be calculated according to the judgment matrix. The key to constructing the judgment matrix is to
compare the indexes of the same level in the comprehensive evaluation index system according to the
“1-9 scale method” by experienced experts and score the evaluation index with an integer between 1~9
and its reciprocal according to the importance degree of the evaluation index [56,57]. The numerical
scale and the significance of the “1-9 scale method” are shown in Table 3.

Table 3. 1-9 scale method.

Significance Numeric Scale

Two evaluation indexes have the same importance 1
Comparison of two evaluation indexes: index y is slightly more important than index v
Comparison of two evaluation indexes: index p is obviously more important than
index v

Comparison of two evaluation indexes: index y is much more important than index v
Comparison of two evaluation indexes: index p is extremely more important than
index v

Median value of the above adjacent judgments 2,4,6,8

If the importance of index y to index v is d, then the importance of v to u is 1/d Reciprocal

3
5
7
9

Among the experts who judged and scored the evaluation indexes, some of them are professors
on the author’s team. In order to ensure an objective and comprehensive scoring process, some experts
from other organizations were also invited by the author. The scores of the evaluation indexes are
shown in Table 4, the colors in the table are used to distinguish different judgment matrices and do not
represent any other meaning.

Table 4. Evaluation index scoring table.

F L T P E F1 F, Fs Fs Fs
F 1 3 5 6 1/3 F 1 17 15 13 1/4
L 1/3 1 3 4 1/4 F, 7 1 3 6 5
T 1/5 1/3 1 3 1/6 Fs 5 1/3 1 4 3
P 1/6 1/4 1/3 1 1/7 F, 3 1/6 1/4 1 1/3
E 3 4 6 7 1 Fs 4 1/5 1/3 3 1
I & s T - P; P, P, P, Ps
L 1 3 5 1 1/3 P; 1 13 5 1 3
IL; 1/3 1 4 3 1/4 P, 3 1 6 5 4
Itg 1/5 1/4 1 1/3 1/7 P, 1/5 1/6 1 1/3 1/4
Ly 1/4 1/3 3 1 1/6 P, 1/4 1/5 3 1 1/3
Lz 3 4 7 6 1 Ps 1/3 1/4 4 3 1
0 % e 7 E, E, E;
i 1 5 3 7 E; 1 1/3 2
i 1/5 1 1/3 4 E, 3 1 5
i 1/3 3 1 5 E, 12 1/5 1
i) 1/7 1/4 1/5 1

3.1.2. Hierarchical Single Ranking calculation and Consistency Check

The eigenvector corresponding to the largest eigenvalue Amax of the judgment matrix is recorded
as W’, and the element value w’;, (1 represents the number of evaluation indexes at current index level)
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in the vector W’ represents the ranking weight of the relative importance of the lower-level evaluation
index to the upper-level evaluation index. This calculation process is called a hierarchical single
ranking. The consistency check refers to checking the consistency of logical judgment, for example, if
is more important than v, v is more important than ¢, then y must be more important than ¢, which is
the consistency of logical judgment—otherwise, the judgment will be wrong. In this section, the author
takes five evaluation indexes in the primary index and five evaluation indexes under the “economic
conditions” in the secondary index as examples for the demonstration calculation. The calculation
process of other indexes is the same.

1. Carry out the hierarchical single ranking calculation and consistency check for 5 evaluation
indexes in the primary index:

According to Table 4, the expert’s scoring results for the five evaluation indexes in the primary
index are defined as the judgment matrix Jo, that is,

1 3 5 6 1/3
1/3 1 3 4 1/4

Jo=| 1/5 1/3 1 3 1/6
1/6 1/4 1/3 1 1/7
3 4 6 7 1

First, we calculate the element product P, of each row of the judgment matrix Jy and the nth root

T, of P,: i
Pr = H jrc (1)

c=1
Ty = \Pi;(r=1,2-,n) @)

where r represents the row number of Jy, ¢ represents the column number of Jj, and # represents the
number of rows and columns of the matrix.
Then, we bring in the data and calculate as follows:
Py =30,P, =1, P3=0.0333, P4 =0.002, P5s =504; T; =197, T, =1, T3 =0.51, T4 = 0.29, T5 = 3.47
Next, we calculate the largest eigenvalue Amax of the judgment matrix Jo, where Jo-W'=Apa0W'.

Amax _ i jrlTl + erTZ +-+ jrnTn

4 =1723...
T, B ,2,3--,n 3)

r=1

Therefore, Apaxo = 5.28

Then, we check the consistency. Since the value of Jj is determined by multiple experts based on
their respective professional experience, in order to prevent logical errors and contradictions in Jo, a
consistency check of the judgment matrix is also required. The common test index is the consistency
ratio (CR). When CR < 0.1, the judgment matrix Jo meets the calculation requirement, when CR > 0.1,
the judgment matrix Jy needs to be re-determined. The consistency ratio (CR) is a function of the
consistency index (CI) and random index (RI), CR = CI/RL

If

Cl= (Amax—n)/(n—=1) 4)

then RI can be determined by Table 5 [58].

Table 5. Table of the random index (RI).

Order of the Matrix (n) 1 2 3 4 5 6 7 8 9
Random Index 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45
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Then, we bring in the data and calculate as follows:
Cl= % =0.07,CR = (1):—(1); = 0.0625 < 0.1, the consistency of Jy meets the requirement.
Finally, we normalize the eigenvector W’, and the weight value w’,, of 5 evaluation indexes in the

primary index can be calculated.
n
w,r = Tr/Z Ty (5)
r=1

The weight value of the primary index relative to the target is
w’01 =0.27, w’02:O.14, w’03:O.07, ZU,04:0.04, w’05:O.48
Therefore, the weight vector of the primary index Wy = (0.27, 0.14, 0.07, 0.04, 0.48).
2. We carry out hierarchical single ranking calculation and consistency check for the five evaluation
indexes under the “economic conditions” in the secondary index:
In the same way:
1 1/7 1/5 1/3 1/4
7 1 3 6 5
Ji=| 5 1/3 1
3
4

4 3
1/6 1/4 1 1/3
1/5 1/3 3 1
Py =0.0024, Py = 630, P53 = 20, P4 = 0.04, Ps = 0.8; T; = 0.3, Ty = 3.63, T3 = 1.82, Ty = 0.53, Ts = 0.96
Amaxi = 5.29

CR =0.0725/1.12 = 0.065 < 0.1
€11 =0.04, £12 =05, &13 =0.25, £14 = 0.07, €15 = 0.13
Wy = (0.04, 0.5, 0.25,0.07, 0.13).

3.1.3. Hierarchical Total Ranking Calculation and Consistency Check

In the comprehensive evaluation index architecture model, the weight of each layer relative to the
target is calculated layer by layer. This process is called hierarchical total ranking. In the comprehensive
evaluation index system, if the hith layer contains ¢ evaluation indexes (Q1, Qy, ... Qt), the (h+1)th layer
contains m evaluation indexes (S1, Sz, ... Sm), and the weight value of Q; I =1,2... t) relative to the
target is w’;, the weight value of S; (j = 1,2.... m) relative to hth layer is &;;, then the weight value of S;
to the target is f;;.

Bij = Zw'iéij (6)
=1

The weight values of the five evaluation indexes under the “economic condition” relative to the
target are

B11 =0.27 x0.04 =0.01, 12 = 0.27 X 0.5 = 0.13, B13 = 0.27 x 0.25 = 0.06, f14 = 0.27 x 0.07 = 0.02, B15
=0.27 x 0.13 = 0.03.

Therefore, Wy, = (0.01, 0.13, 0.06, 0.02, 0.03).

Similarly, the largest eigenvalue Amax and the weight vector W of other 17 secondary evaluation
indexes are as follows:

Amaxz = 5.27, W, = (0.26, 0.14, 0.04, 0.07, 0.49);

Amaxa = 4.18, Wz = (0.56, 0.13, 0.26, 0.05);

Amaxa = 5.31, Wy = (0.26, 0.47, 0.04, 0.08, 0.14);

Amaxs = 3.00, W5 = (0.23, 0.65, 0.12).
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The consistency check still needs to be carried out for hierarchical total ranking.

@)

Then, we bring in the data and calculate as follows:

027 x 32 + 014 X 2852 +0.07 x 287 4+ 0.04 x 2122 048 x 377
0.27x1.12+0.14 x 1.12 + 0.07 X 0.9 + 0.04 x 1.12 4 0.48 X 0.58

=0.043<0.1

Therefore, the results of the hierarchical total ranking also have satisfactory consistency.

3.1.4. Final Weight Vector

This paper has determined the weight values of five primary evaluation indexes and 22 secondary
evaluation indexes through hierarchical single ranking calculation, hierarchical total ranking calculation,
and a consistency check. The results are shown in Table 6.

Table 6. Weight value calculation results.

Primary Index  Weight Value  Secondary Index Weight Value Final Weight Value
Fq 0.04 0.01
Fp 0.50 0.13
F 0.27 F3 0.25 0.06
Fy 0.07 0.02
Fs 0.13 0.03
Ly 0.26 0.07
L, 0.14 0.04
L 0.14 L 0.04 0.01
Ly 0.07 0.02
Ls 0.49 0.13
T 0.56 0.13
T, 0.13 0.03
T 0.07 T, 0.26 0.06
Ty 0.05 0.01
Py 0.26 0.03
P, 0.47 0.06
P 0.04 Ps 0.04 0.01
Py 0.08 0.01
Ps 0.14 0.02
E,; 0.23 0.03
E 0.48 E; 0.65 0.07
E;3 0.12 0.01

Therefore, the weight vector W of 22 evaluation indexes in the comprehensive evaluation index
system can be finally determined.

W = (Wo1, W, Wz, Wy, Wos) = (0.01, 0.13, 0.06, 0.02, 0.03, 0.07, 0.04, 0.01, 0.02, 0.13, 0.13, 0.03,
0.06, 0.01, 0.03, 0.06, 0.01, 0.01, 0.02, 0.03, 0.07, 0.01).

3.2. Evaluation Matrix of Evaluation Indexes

FCEM is an objective evaluation method for indexes. This method can change a qualitative
subjective judgment into a quantitative objective judgment based on membership theory. The author
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collected and analyzed the detailed data of 55 townships in JianYang County and finally determined
22 representative evaluation indexes. According to the reasonable classification, 1210 sets of data
were obtained.

The urgency of the human settlement environment (THSE) improvement is affected by many
factors. According to the characteristics of THSE in JianYang County, the author divides the urgency
of THSE improvement into five grades: grade A represents a need to be improved extremely, grade
B represents a need to be improved urgently, grade C represents a need to be improved intensively,
grade D represents a need to be improved obviously, and grade E represents a need to be improved
slightly. The five grades are identified by the red, orange, yellow, blue and cyan, respectively. The
classification of the human settlement environment (THSE) improvement is shown in Table 7.

Table 7. The grading table of the improvement of the human settlement environment (THSE) in
JianYang County.

Improvement Grade A B C D E

Need to be Improved =~ Extremely Urgently Intensively Obviously Slightly

Color Identification _

The author analyzed the characteristics of the evaluation index value in detail and reasonably
divided the value range of the evaluation index according to the improvement grade of THSE, as
shown in Table 8. Since the larger the value of the Engel coefficient (F3), the higher the grade of
improvement, (50-F3) is used as a substitutable index of the Engel coefficient in this table. The interval
endpoint values from small to large are defined as N1, Ny, N3, Ny in Table 8.

Table 8. Value range of the evaluation index and improvement grade.

Primary Secondary Improvement Grade
Index Index A B C D E

Fy <2900 (2900)—4300  (4300)-5600  (5600)-6900 26900
F, <1700 (1700)-2600  (2600)-3400  (3400)-4200 >4200

F 50-F3 <6.5 (6.5)-9.5 (9.5)-12.5 (12.5)-15.5 >15.5
F4 <25 (25)-32 (32)-40 (40)-48 >48
Fs <26 (26)-32 (32)-37 (37)-42 >42
Ly <40 (40)—48 (48)-60 (60)-68 >68
L, <27 (27)-34 (34)41 (41)-48 248

L L3 <43 (43)-48 (48)-53 (53)-58 >58
Ly <62 (62)-68 (68)-74 (74)-79 >79
Ls <36 (36)—-40 (40)-43 (43)-46 246
T; <67 (67)-74 (74)-80 (80)-87 =87

T T, <7 (7)-13 (13)-20 (20)26 >26
Ts <50 (50)-57 (57)-64 (64)-70 270
Ty <2 (2)-2.6 (2.6)-3.2 (3.2-3.8 >3.8
Py <15 (1.5)-2.1 (2.1)-2.7 (27)-3.3 >3.3
) <0.3 (0.3)-0.4 (0.4)-0.5 (0.5)-0.6 >0.6

P P3 <17 (17)-20 (20)-23 (23)-26 >26
Py <35 (3.5)4.5 (4.5)-5.5 (5.5)-6.5 >6.5
Ps <6 (6)-7 (7)-9 (9)-10 >10
Eq <56 (56)-62 (62)-68 (68)-74 >74

E Ep <74 (74)-77 (77)-80 (80)-84 >84
E; <22 (22)-2.9 (29)-3.7 (3.7)-4.5 >4.5

According to the FCEM, it is important to transform the interval value of a single evaluation indel
into a certain value by using a membership function. The author constructed a membership function
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table for THSE assessment in JianYang County based on the characteristics of THSE and the research
results of some other experts and scholars [59,60], as shown in Table 9.

Table 9. Membership function table

I t Grad
Evaluation Interval mprovement Lrade

A B C D E
¥y <Np - % % 0 0 0
N <y < Nt St 1- G 0 0 0
NNy <N, 0 e = 0 0 0
Ny <y < Megts 0 Sl = 0 0
s low MR -
Np <y < Mgl 0 0 S S 0
S yen, : T
Yy >Ny 0 0 0 2_; - Izl;

In the table, y represents the value of the evaluation index.

This section takes Hongyuan Township (Code Number 1) as an example and uses the FCEM to
calculate the evaluation matrix Eq of the evaluation indexes, E;= (e1, €3, ... ex) I. The evaluation
index values of Hongyuan Township are shown in Table 10.

Table 10. Evaluation index value of Hongyuan Township.

F F F3 Fy Fs5 Ly L, L3 Ly Ls

F o 3000611,621.76437 201 354 © 456 245 453 643 486

; T TT b P, P, P; P, Ps
737 00 506 24 12 04 174 42 54
E E E

E 1 2 3

625 822 35

When the evaluation index is per capita local GDP (F;), according to Tables 8 and 9:
N1 =2,900; N; = 4,300; N3 = 5,600; Ny = 6,90; 52 = 3 600; 22485 = 4,950, NatNa — 6 750
y =3,000.61

Obviously: Nj(2,900) < y(3,000.61) < X382 (3, 600)
(N1+Np)-2y (N14+N2)-2y

e1=( 2(N—-Ny) 7 1= 2(Np—Ny) 7 0,0,0)
(N1+N2)-2y _ (N1 +Np)-2y
NN 0.43,1 NN 0.57

Therefore, e; = (0.43, 0.57, 0, 0, 0).
In the same way, the evaluation vector e; of other evaluation indexes can be calculated. Therefore,
Ei=(e1, e, ... e») T, that is,

0.43 052 052 0.60 0.00 0.00 055 0.04 0.2 0.00 0.64 1.00 041 0.00 0.60 0.00 0.37 0.00 0.55 0.00 0.00 0.00
0.57 048 048 040 0.00 0.80 0.45 096 0.88 0.00 036 0.00 059 0.83 040 0.50 0.63 0.80 045 042 0.00 0.00
E; =| 0.00 0.00 0.00 0.00 0.82 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.50 0.00 0.20 0.00 0.58 0.00 0.75
0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 025
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00

3.3. Comprehensive Evaluation Results

The weight vector W and the evaluation matrix E have been calculated in Sections 3.1 and 3.2
of this paper, respectively. In this section, Hongyuan Township is still used as an example to
solve the comprehensive evaluation matrix C. According to the theory of fuzzy mathematics, the
fuzzy decision-making process of the multi-objective evaluation system can be represented by the
comprehensive evaluation matrix C, C = WeE = (c1, c2, . . . ¢g), and the maximum value of cg corresponds
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to the evaluation grade of the research object. Therefore, the comprehensive evaluation matrix C; of
Hongyuan Township can be calculated by matrix operation:

C; = WeE; =(0.01, 0.13, 0.06, 0.02, 0.03, 0.07, 0.04, 0.01, 0.02, 0.13, 0.13, 0.03, 0.06, 0.01, 0.03, 0.06,
0.01, 0.01, 0.02, 0.03, 0.07, 0.01) e

043 052 052 060 000 000 055 0.04 012 000 064 1.00 041 000 060 000 037 000 055 000 000 000 ) 031\
0.57 048 048 040 0.00 080 045 096 088 0.00 036 0.00 059 0.83 040 050 0.63 0.80 045 0.42 0.00 0.00 0.38
0.00 0.00 0.00 0.00 0.82 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.50 0.00 020 0.00 0.58 0.00 0.75 | =] 0.10
0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.25 0.14
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.07

The five comprehensive evaluation values of C; correspond to the five improvement grades,
respectively, as shown in Table 11.

Table 11. Corresponding table of comprehensive evaluation values and improvement grades.

Improvement Grade A B C D E
C; (g=1,2,...5) 0.31 0.38 0.10 0.14 0.07

Therefore, the improvement grade of the human settlement environment (THSE) in Hongyuan
Township is grade B: i.e., it needs to be improved urgently.

The improvement grade of THSE of the other 54 townships is similar to the calculation process of
Hongyuan Township. During the calculation process in this article, more than 30,000 data operations
are involved. In order to express the final research results clearly and concisely, the author lists the
final calculation results as follows, as shown in Table 12.

In order to better display the different improvement grade of the 55 townships, the author drew
an improvement grade map of the human settlement environment (THSE) by using the map and color
annotation method in JianYang County, as shown in Figure 3. The number in the figure represents the
township code number, and the circled background color represents the improvement grade.
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‘ ,j‘»-f‘v\\ {
P I & |
= *ﬁ{,r 5 @ % ® Suas
i c4202] -
;.% 2 e 2
2 B G Il Grade A
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5 @ @ Grade C
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¢ I Grade E
N | 34
= 41
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o 164203
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30°11

Scale 1:200,000 (km)

30°5'

Figure 3. The improvement grade map of THSE in JianYang County.
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Table 12. Table of improvement grade of the human settlement environment (THSE) in JianYang County.

Ni;):beer C= WeE= (cy, ¢, €3, €4, C5) Grade Nifndbeer C= WeE= (cq, 3, ¢3, ¢4, C5) Grade NS?:beer C= WeE= (cy, ¢, €3, ¢4, C5) Grade
1 0.31 038  0.10 0.14 0.07 B 20 043 022 0.18 0.13 0.04 A 39 0.25 0.15 0.23 0.36 0.01 D
2 0.27 w 0.18 0.16 0.10 B 21 0.23 0.07 0.23 0.14 w E 40 0.27 0.34 0.16 0.17 0.06 B
3 033 026 0.11 0.20 0.10 A 22 0.16 033 034 014 0.03 C 41 0.35 0.09 038 0.2 0.06 C
4 0.21 0.13 0.34 0.21 0.11 C 23 0.12 018 038 027 0.05 C 42 0.24 0.23 0.05 019 029 E
5 032 026 0.19 0.17 0.05 A 24 0.14 028 033 020 0.05 C 43 0.19 0.23 0.20 0.25 0.13 D
6 0.24 0.32 0.36 0.06 0.02 C 25 0.12 0.36 0.32 0.18 0.03 B 44 0.20 0.09 0.20 023 028 E
7 0.16 0.28 015 039  0.01 D 26 0.15 0.10 0.15 0.26 0.34 E 45 0.24 0.21 0.20 0.29 0.06 D
8 0.32 038 020 0.07 0.02 B 27 0.18 0.18 027 032 005 D 46 0.23 0.19 028 026 0.04 C
9 0.16 0.15 0.21 039 0.09 D 28 0.23 0.22 0.08 0.10 0.37 E 47 0.26 0.03 0.19 022 029 E
10 0.27 0.21 010 036  0.05 D 29 0.14 0.17 0.21 041 0.07 D 48 029 033 021 0.16 0.02 B
11 0.13 0.30 0.34 0.13 0.10 C 30 0.16 024 029 024 0.07 C 49 025 028 0.11 0.24 0.13 B
12 0.32 0.11 0.49 0.08 0.00 C 31 0.15 0.38 0.24 0.15 0.08 B 50 028 033 017 0.18 0.05 B
13 0.13 0.21 0.16 0.06 0.44 E 32 0.22 024 047  0.05 0.02 C 51 0.39 0.28 0.02 0.16 0.15 A
14 0.20 0.08 0.22 0.12 0.39 E 33 0.13 0.29 037  0.16 0.05 C 52 0.35 0.20 0.12 0.27 0.06 A
15 0.25 0.10 028 035 0.03 D 34 0.19 0.29 038 0.3 0.00 C 53 0.28 0.28 012 0.29 0.03 D
16 0.15 0.24 0.25 0.06 0.30 E 35 0.31 0.28 0.22 0.16 0.03 B 54 0.12 0.30 0.20 0.29 0.09 D
17 0.17 0.16 0.34 0.30 0.03 C 36 035 015 0.18 0.20 0.12 A 55 024 028 010 0.25 0.13 B
18 027 030 029 0.13 0.01 B 37 026 024 0.24 0.15 0.12 A
19 0.16 0.23 0.33 0.21 0.07 C 38 032 026 0.25 0.14 0.03 A

16 of 21
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In order to further determine the order of improvement of the human settlement environment
(THSE) in the 55 townships, the author made a horizontal comparison of townships under the same
improvement grade. According to the theory of fuzzy mathematics, the larger the value of the factor cg
in the comprehensive evaluation matrix C, the more urgently the research object needs to be improved.
The horizontal comparison diagram is shown in Figure 4.
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Figure 4. Horizontal comparison diagram under the same improvement grade.
4. Discussion and Conclusions

According to the research results in this article, the Chengdu Municipal Government can
scientifically and reasonably determine the improvement order of the human settlement environment
(THSE) of 55 townships in JianYang County with reference to Table 12, Figures 3 and 4. The assessment
method of the human settlement environment (THSE) in this paper can overcome the blindness of
decision-makers in making decisions based only on subjective experience or a one-sided index.

Previous studies on the human settlement environment (THSE) mainly focused on qualitative or
semi qualitative studies, with relatively few quantitative studies reported. Quantitative research has
the advantages of clear presentation, scientific analysis process and high reliability of the results, but
there are few suitable quantitative evaluation methods for the assessment of THSE. The author has
been engaged in the research of THSE for many years and has investigated the living environment
of more than 300 townships in Western China. After trialing dozens of analysis methods, the author
found that the FAHP is a very suitable quantitative analysis method for THSE assessment.

In this paper, the author used FAHP to study the improvement grade of THSE. Compared with
qualitative or semi-quantitative methods, FAHP has obvious advantages in both theory and data
processing. The method of the FAHP has a perfect theoretical system, a simple calculation process, and
an evaluation process consistent with human thinking. Moreover, in the process of solving practical
problems, this method not only fully considers the expert’s experience and knowledge but also has a
rigorous mathematical formula to support it, which is very suitable for solving the problem of human
settlement environment assessment.

In the process of the human settlement environment (THSE) assessment, two basic methods
of the FAHP were adopted: rigorous theoretical derivation and expert evaluation and scoring to
deal with the research objects and evaluation indexes. The selection process of evaluation indexes,
expert evaluation processes, and scoring processes are always dynamic. The author will choose the
appropriate evaluation indexes according to the actual situation between the research objects, and
the experts will make dynamic evaluations according to the difference of the research objects and the
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indicators. That is to say, using the FAHP to evaluate THSE has the integrity of the theoretical system
and the real-time effectiveness of dynamic evaluation.

The problem-solving process of the FAHP can be divided into four basic calculation steps. In
order to ensure the integrity of the calculation structure, the key calculation steps of the FAHP are
preserved in the paper. The calculation process has also been streamlined to the maximum extent
possible. In order to ensure the readability of the paper and repeatability of the research process, the
author selected representative data for example calculations in each calculation process. The final
calculation results are summarized in Tables 4, 6 and 10-12, respectively.

A simple and easy-to-use online assessment tool is an important means of preliminary
understanding of the object. However, more rigorous and scientific calculation methods must
be used for in-depth research. The FAHP used in this paper is a core algorithm that can solve complex
social science problems. The author applied the FAHP to the assessment and improvement of THSE in
JianYang county and reasonably evaluated the improvement grade of 55 townships based on a large
amount of survey data and rigorous theoretical derivation. The Urban Benchmarking Tool and the
CityBench Tool developed by the ESPON 2013 Programme are easy-to-use “quick-scan” web tools,
which are mainly used to quickly evaluate the development prospects and investment potential of
European cities. Although the tools cannot be directly applied to this study, its visual online evaluation
method can provide useful references for the author’s follow-up research. With more and more data to
be obtained by the author’s team in the follow-up work, the development of a visual assessment tool
for the human settlement environment in Chengdu city is also an important research direction for us
in the future.

After the author’s team has submitted the preliminary investigation report of the human settlement
environment (THSE) in JianYang County, it will start to carry out the follow-up research on how to
specifically realize the improvement of THSE. Generally speaking, the overall requirements of a “more
beautiful ecological environment, more comfortable living condition, more prosperous social culture,
more convenient transportation, and significantly higher income level” should be implemented. As
the FAHP has universal practicability, the research results of this paper are also applicable to the
assessment and improvement of the human settlement environment (THSE) in other areas. Taking
Chengdu as an example, as a city with a history of thousands of years, there are a large number of old
areas in the main urban area. In the process of building a central city in Western China, the FAHP can
be used to make a reasonable assessment and improvement of these old human settlements. Obviously,
the situation in Chengdu city is much more complicated than that in JianYang County. Therefore, how
to solve the problem of THSE in areas with more indexes and more complex data will be the main
research direction of the author in the future.

The FAHP also has some limitations, such as: (1) When there are too many evaluation indexes,
the corresponding statistical data will be greater. Since this method involves matrix operation, the
calculation workload in the analysis process will be larger. (2) The calculation process of the eigenvector
and the largest eigenvalue in the FAHP is complicated. (3) When scoring by experts, if the number
of experts is insufficient or the evaluation is not reasonable, there will be some calculation errors.
Therefore, in the specific application process, the FAHP should be used appropriately according to
the situation.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/4/1563/s1,
File S1: Chengdu'’s overall plan for implementing the strategy of ‘Eastward’ (2018-2035). Figure S1: The location of
the study area.; Figure 52: The geographical location map (3D Space Diagram); Figure S3: The improvement grade
map of THSE in JianYang County; Figure S4: Horizontal comparison diagram under the same improvement grade.

Author Contributions: Conceptualization, Y.Z. and Q.F.; methodology, Y.Z. and Q.F,; validation, Y.Z. and Q.E;
formal analysis, Y.Z.; investigation, Y.Z. and Q.F.; data curation, Y.Z. and Q.F.; writing—original draft preparation,
Y.Z. and Q.F; writing—review and editing, Y.Z.; supervision, Y.Z. and Q.E. All authors have read and agreed to
the published version of the manuscript.


http://www.mdpi.com/2071-1050/12/4/1563/s1

Sustainability 2020, 12, 1563 19 of 21

Funding: This study was supported by the National Key Research and Development Program of China (No.
2016YFC0401603); National Natural Science Foundation of China (51879178); National Social Science Foundation
in China (No. 15BKS038).

Conflicts of Interest: The authors declare no conflict of interest.

References

1 Doxiadis, C.A. Action for Human Settlements; Athens Publishing Center: Athens, NC, USA, 1975.

2. Liangyong, W. Introduction to Human Settlements Science; Constr. Ind. Press: Beijing, China, 2001.

3. Xiong, Y,; Zeng, G.; Dong, L.; Jiao, S.; Chen, G. Quantitative evaluation of the uncertainties in the coordinated

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

development of urban human settlement environment and economy: Taking Changsha City as an example.
Acta Geogr. Sin. 2007, 62, 297-310. [CrossRef]

Bell, G.; Gonzalez, A. Adaptation and evolutionary rescue in metapopulations experiencing environmental
deterioration. Science 2011, 332, 1327-1330. [CrossRef]

Shouhong, X. Study on Characteristics and Trend of Urbanization in Present Western Developed Countries.
J. Shanxi Norm. Univ. 2003, 4, 78-84.

Shugqiang, L. On the urbanization of the west and the enlightenment the urbanization of China. J. Hebei Inst.
Archit. Sci. Technol. (Ed. Soc. Sci.) 2005, 22, 6-9. [CrossRef]

Monica, I.; Olabarria, C.; Cacabelos, E.; Javier, C.; Troncoso, ].S. Distribution of Sargassum muticum on the
North West coast of Spain: Relationships with urbanization and community diversity. Cont. Shelf Res. 2011,
31, 488-495. [CrossRef]

Tong, R. Improvement of human settlement environment in new socialist countryside construction in Jilin
province. . Northwest Af. Univ. (Soc. Sci. Ed.) 2011, 11, 67-69.

Buch, M.N. Environment India|[Improvement of Human Settlements with Special Reference to Urban Land
Problems—An Asian View. India Int. Cent. Q. 1982, 9, 322-332. [CrossRef]

Yuliastuti, N.; Saraswati, N. Environmental Quality in Urban Settlement: The Role of Local Community
Association in East Semarang Sub-district. Procedia—Soc. Behav. Sci. 2014, 135, 31-35. [CrossRef]

Daisy, D. Urban Quality of Life: A Case Study of Guwahati. Soc. Indic. Res. 2008, 88, 297-310. [CrossRef]
Lazauskaité, D.; Burinskiené, M.; Podvezko, V. Subjectively and objectively integrated assessment of the
quality indices of the suburban residential environment. Int. ]. Strateg. Prop. Manag. 2015, 19, 297-308.
[CrossRef]

Wang, Y.; Cheng, J.; Mengqiu, L.; Yuqi, L. Assessing the suitability of regional human settlements environment
from a different preferences perspective: A case study of Zhejiang Province, China. Habitat Int. 2017, 70,
1-12. [CrossRef]

Bonaiuto, M.; Fornara, F.; Ariccio, S.; Cancellieri, U.G.; Rahimi, L.; Mao, Y. Perceived Residential Environment
Quality Indicators (PREQIs) relevance for UN-HABITAT City Prosperity Index (CPI). Habitat Int. 2015, 45,
53-63. [CrossRef]

Jia, Z.; Gu, G. Urban livability and influencing factors in Northeast China: An empirical study based on
panel data, 2007-2014. Prog. Geogr. 2017, 36, 832-842. (In Chinese) [CrossRef]

Yan, M.; Li, H.; Fang, Y.; Wang, Y. Modeling on environmental quality evaluation for urban residential area
by high resolution remote sensing classification informatics. In Proceedings of the Fourth International
Workshop on Earth Observation and Remote Sensing Applications (EORSA 2016), Guangzhou, China, 4-6
July 2016. [CrossRef]

Huiping, H.; Qiangzi, L.; Yuan, Z. Urban Residential Land Suitability Analysis Combining Remote Sensing
and Social Sensing Data: A Case Study in Beijing, China. Sustainability 2019, 11, 2255. [CrossRef]

Ning, T.; Cheng, W.; Xiangzuo, W. Evaluation of Rural Human Settlements Quality and Its Differentiated
Optimization in Chongqing Municipality. Econ. Geogr. 2018, 38, 130-139. [CrossRef]

Ning, C.; Yajing, C.; Jingwen, W. Green development and new urbanization of China: A dual-dimensional
analysis based on SBM-DDFE. |. Beijing Norm. Univ. (Soc. Sci.) 2014, 5, 160-165. (In Chinese) [CrossRef]
Lavrinenko, P.A. Analysis of the investment attractiveness of projects in the field of environmental protection.
Stud. Russ. Econ. Dev. 2013, 24, 495-499. [CrossRef]

Nany, Y;; Hadi, W.; Syafrudin, S.; Sariffuddin, S. Dimensions of Community and Local Institutions” Support:
Towards an Eco-Village Kelurahan in Indonesia. Sustainability 2017, 9, 245. [CrossRef]


http://dx.doi.org/10.1016/S1005-8885(07)60138-1
http://dx.doi.org/10.1126/science.1203105
http://dx.doi.org/10.3969/j.issn.1673-9477.2005.03.003
http://dx.doi.org/10.1016/j.csr.2010.06.005
http://dx.doi.org/10.2307/23001565
http://dx.doi.org/10.1016/j.sbspro.2014.07.321
http://dx.doi.org/10.1007/s11205-007-9191-6
http://dx.doi.org/10.3846/1648715X.2015.1051164
http://dx.doi.org/10.1016/j.habitatint.2017.09.010
http://dx.doi.org/10.1016/j.habitatint.2014.06.015
http://dx.doi.org/10.18306/dlkxjz.2017.07.005
http://dx.doi.org/10.1109/EORSA.2016.7552819
http://dx.doi.org/10.3390/su11082255
http://dx.doi.org/10.15957/j.cnki.jjdl.2018.01.020
http://dx.doi.org/10.3760/cma.j.issn.1674-2907.2014.02.021
http://dx.doi.org/10.1134/S1075700713050109
http://dx.doi.org/10.3390/su9020245

Sustainability 2020, 12, 1563 20 of 21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

Chiang, C.-L.; Liang, J.-J. An evaluation approach for livable urban environments. Environ. Sci. Pollut. Res.
2013, 20, 5229-5242. [CrossRef]

Liaghat, M.; Shahabi, H.; Deilami, B.R.; Ardabili, E.S.; Seyedi, S.N.; Badri, H. A Multi-Criteria Evaluation
Using the Analytic Hierarchy Process Technique to Analyze Coastal Tourism Sites. Apcbee Procedia 2013, 5,
479-485. [CrossRef]

Xia, Z.; Huibo, S; Bin, C.; Xiaohua, X.; Pengfei, L. China’s rural human settlements: Qualitative evaluation,
quantitative analysis and policy implications. Ecol. Indic. 2019, 105, 398-405. [CrossRef]

Shcherbin, E.; Gorbenkova, E. Factors Influencing the Rural Settlement Development. Ifac-Pap. 2019, 52,
231-235. [CrossRef]

ESPON TOOLS & MAPS. Available online: https://www.espon.eu/tools-maps/citybench-urban-
benchmarking (accessed on 11 February 2020).

Comissio Europe. Quality of life in cities Perception survey in 79 European cities Flash Eurobarometer 366;
Inter-American Development Bank World Bank: Luxembourg, 2013.

European Urban Benchmarking Webtool. Available online: http://www.geotec.uji.es/european-urban-
benchmarking-webtool (accessed on 11 February 2020).

European Environmental Agency. Available online: https://www.eea.europa.eu/data-and-maps/data/urban-
atlas (accessed on 11 February 2020).

Ning, H.; Shenghui, C.; Qiming, L.; Chen, W.; Xiaomei, C. Study on the Characteristics of Community
Human Settlements in Peri-urban Area during Urbanization: A Case of Jimei District, Xiamen City. Prog.
Geogr. 2012, 31, 750-760. (In Chinese)

Rigacci, L.; Giorgi, A.; Vilches, C.; Ossana, N.; Salibian, A. Effect of a reservoir in the water quality of the
Reconquista River, Buenos Aires, Argentina. Environ. Monit. Assess. 2013, 185, 9161-9168. [CrossRef]
[PubMed]

Bibri, S.E. ICT of the New Wave of Computing for Sustainable Urban Forms: Their Big Data and
Context-Aware Augmented Typologies and Design Concepts. Sustain. Cities Soc. 2017, 32, 449-474.
[CrossRef]

Trianni, G.; Angiuli, E.; & Pesaresi, M. Statistical analysis of anisotropic rotation-invariant textural
measurements of human settlements from multitemporal SAR data. In Proceedings of the 2011 Joint
Urban Remote Sensing event, Munich, Germany, 10-13 April 2011. [CrossRef]

Hasan, S.; Wang, X.; Khoo, Y.B.; Foliente, G. Accessibility and socio-economic development of human
settlements. PLoS ONE 2017, 12, 1-16. [CrossRef] [PubMed]

Xuan, S.; Weikai, W.; Sun, T.; Wang, Y.P. Understanding the Living Conditions of Chinese Urban
Neighborhoods through Social Infrastructure Configurations: The Case Study of Tianjin. Sustainability 2018,
10, 3243. [CrossRef]

Meimei, W.; Yongchun, Y.; Zhang, B.; Liu, M.; Liu, Q. How Does Targeted Poverty Alleviation Policy Influence
Residents’ Perceptions of Rural Living Conditions? A Study of 16 Villages in Gansu Province, Northwest
China. Sustainability 2019, 11, 6944. [CrossRef]

Marcela, H.; Prokop, P. Living condition, weight loss and cognitive decline among people with dementia.
Nurs. Open 2018, 5, 275-284. [CrossRef]

Mishra, S.K.; Gaikwad, S.B. Impacts of economic development on welfare and living condition of people of
M. P. (An inter-district case study). Cytogenet. Cell Genet. 1979, 36, 547-553. [CrossRef]

Misinde, C. An Intrinsic characteristics and Value of Poverty Indicators: A New Method for Deriving Child
Living Condition Scores and Poverty, in Uganda. Child Indic. Res. 2016, 10, 1-30. [CrossRef]

Mou, H.J.; Ke, W.; Bao, X.; Wang, Y. Study on the living condition of people affected by leprosy in Guizhou
province. Chin. |. Epidemiol. 2005, 26, 348-350.

Anaraki, N.R; Boostani, D. Living in and living out: A qualitative study of incarcerated mothers’ narratives
of their children’s living condition. Qual. Quant. 2014, 48, 1-15.

Roberts, R.M.; Shute, R. Living with a Craniofacial Condition: Development of the Craniofacial Experiences
Questionnaire (CFEQ) for Adolescents and Their Parents. Cleft Palate-Craniofacial J. 2011, 48, 727-735.
[CrossRef] [PubMed]

Alden, L. Treatment environment and patient improvement. J. Nerv. Ment. Dis. 1978, 166, 327-334. [CrossRef]
Liu, J.; Liu, J.; Wang, F; Wang, C. Investigation on thermal environment improvement by waste heat recovery
in the underground station in Qingdao metro. Iop Conf. Ser. Earth Environ. Sci. 2018, 127, 1-5. [CrossRef]


http://dx.doi.org/10.1007/s11356-013-1511-6
http://dx.doi.org/10.1016/j.apcbee.2013.05.081
http://dx.doi.org/10.1016/j.ecolind.2018.01.006
http://dx.doi.org/10.1016/j.ifacol.2019.12.478
https://www.espon.eu/tools-maps/citybench-urban-benchmarking
https://www.espon.eu/tools-maps/citybench-urban-benchmarking
http://www.geotec.uji.es/european-urban-benchmarking-webtool
http://www.geotec.uji.es/european-urban-benchmarking-webtool
https://www.eea.europa.eu/data-and-maps/data/urban-atlas
https://www.eea.europa.eu/data-and-maps/data/urban-atlas
http://dx.doi.org/10.1007/s10661-013-3243-y
http://www.ncbi.nlm.nih.gov/pubmed/23677681
http://dx.doi.org/10.1016/j.scs.2017.04.012
http://dx.doi.org/10.1109/JURSE.2011.5764733
http://dx.doi.org/10.1371/journal.pone.0179620
http://www.ncbi.nlm.nih.gov/pubmed/28636630
http://dx.doi.org/10.3390/su10093243
http://dx.doi.org/10.3390/su11246944
http://dx.doi.org/10.1002/nop2.137
http://dx.doi.org/10.1159/000131971
http://dx.doi.org/10.1007/s12187-016-9365-3
http://dx.doi.org/10.1597/09-050
http://www.ncbi.nlm.nih.gov/pubmed/21309651
http://dx.doi.org/10.1097/00005053-197805000-00003
http://dx.doi.org/10.1088/1755-1315/127/1/012005

Sustainability 2020, 12, 1563 21 of 21

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Yanmei, Z.; Weihua, L.I. Enhanced FAHP and its application to task scheme evaluation. Comput. Eng. Appl.
2008, 44, 212-214. [CrossRef]

Jin, J.; Hong, T.; Wang, W. Entropy and FAHP based fuzzy comprehensive evaluation model of water
resources sustaining utilization. J. Hydroelectr. Eng. 2007, 26, 22-28. [CrossRef]

Hu, A.H.; Hsu, C.W,; Kuo, T.C.; Wu, W.C. Risk evaluation of green components to hazardous substance
using FMEA and FAHP. Expert Syst. Appl. 2009, 36, 7142-7147. [CrossRef]

Governance of urban and rural community development of Chengdu Municipal Committee of the Communist
Party of China. Available online: http://www.cdswszw.gov.cn/tzgg/Detail.aspx?id=6079 (accessed on 18
October 2019). (In Chinese)

Jianyang County Master Plan (2016-2035). Available online: https://www.sohu.com/a/224253336_663549
(accessed on 6 February 2018). (In Chinese).

Chengdu Municipal Government Information. Available online: http://gk.chengdu.gov.cn/govinfoPub/
county.action?classld=0725 (accessed on 12 March 2018). (In Chinese)

Saaty, T.L. Transport planning with multiple criteria: The analytic hierarchy process applications and progress
review. J. Adv. Transp. 1995, 29, 81-126. [CrossRef]

Saaty, T.L. Time dependent decision-making; dynamic priorities in the AHP/ANP: Generalizing from points
to functions and from real to complex variables. Math. Comput. Model. 2007, 46, 860—-891. [CrossRef]
Dikmen, I.; Birgonul, M.T. An analytic hierarchy process based on model for risk and opportunity assessment
of international construction projects. Can. J. Civ. Eng. 2006, 33, 58-68. [CrossRef]

Yang, M.S.; Yang, H.]. Based on the fuzzy comprehensive evaluation method studying the land use planning
environmental impact assessment. Appl. Mech. Mater. 2013, 448-453, 268-271. [CrossRef]

Yan, J.L.; Cheng, Y.; Zhang, A.H.; Zhao, Y.G. The evaluation of highway collapse hazard based on the fuzzy
comprehensive evaluation method. Appl. Mech. Mater. 2012, 253-255, 1593-1597. [CrossRef]

Xueping, L. A study of scaling method to obtain index weight by analytic hierarchy process. J. Beijing Univ.
Posts Telecommun. (Soc. Sci. Ed.) 2001, 3, 25-27. [CrossRef]

Weinan, E.; Engquist, B. The heterogeneous multi-scale method. Commun. Math. Sci. 2002, 21, 1-87.
[CrossRef]

Zhang, D.; Cherkezyan, L.; Capoglu, I.; Subramanian, H.; Chandler, J.; Thompson, S.; Taflove, A.; Backman, V.
Spectroscopic microscopy can quantify the statistics of subdiffractional refractive-index fluctuations in media
with random rough surfaces. Opt. Lett. 2015, 40, 4931. [CrossRef]

Qiang, F.; Wei, W.; Zhong, T. Study on Risk Assessment and Early Warning of Flood-Affected Areas when a
Dam Break Occurs in a Mountain River. Water 2018, 10, 1369. [CrossRef]

Yaghmurali, Y.V.; Fathi, A.; Hassanzadazar, M.; Khoei, A.; Hadidi, K. A low-power, fully programmable
membership function generator using both transconductance and current modes. Fuzzy Sets Syst. 2018, 337,
128-142. [CrossRef]

® © 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/).


http://dx.doi.org/10.1007/s10600-008-9014-2
http://dx.doi.org/10.1016/S1872-203260018-3
http://dx.doi.org/10.1016/j.eswa.2008.08.031
http://www.cdswszw.gov.cn/tzgg/Detail.aspx?id=6079
https://www.sohu.com/a/224253336_663549
http://gk.chengdu.gov.cn/govInfoPub/county.action?classId=0725
http://gk.chengdu.gov.cn/govInfoPub/county.action?classId=0725
http://dx.doi.org/10.1002/atr.5670290109
http://dx.doi.org/10.1016/j.mcm.2007.03.028
http://dx.doi.org/10.1139/l05-087
http://dx.doi.org/10.4028/www.scientific.net/AMM.448-453.268
http://dx.doi.org/10.4028/www.scientific.net/AMM.253-255.1593
http://dx.doi.org/10.3969/j.issn.1008-7729.2001.01.006
http://dx.doi.org/10.1017/S0962492912000025
http://dx.doi.org/10.1364/OL.40.004931
http://dx.doi.org/10.3390/w10101369
http://dx.doi.org/10.1016/j.fss.2017.03.005
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Research Method 
	Data Collection and Analysis 

	The Application of FAHP and Results 
	Weight of Evaluation Index 
	Judgment Matrix 
	Hierarchical Single Ranking calculation and Consistency Check 
	Hierarchical Total Ranking Calculation and Consistency Check 
	Final Weight Vector 

	Evaluation Matrix of Evaluation Indexes 
	Comprehensive Evaluation Results 

	Discussion and Conclusions 
	References

