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Fig.1 Location of study area and layout of rural settlements
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Table 1 Safety resilience evaluation index system of rural
settlements
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Table 2 Landscape index distribution of rural settlements
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Fig.2 Space distribution of rule layer calculation results of evaluation system in the study area
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Fig.3 Evaluation results of safety resilience of rural residential patches
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Table 3 Spatial distribution of safety resilience of rural settlement patches

R TR BB 171 % %2 4% High security v} JiF 22 4 Mid security I 4 %2 4% Critical security 224 Insecurity
Villages 1O e ﬁﬁﬁjﬁ W BB L RS i RS i B8
Area/hm” Number of patches Area’hm® Number of patches Area’hm® Number of patches Area/hm™ Number of patches
AR NC 87.47 9 0 0 53.98 4 19.57 3 13.93 2
S22 01 110.96 30 0 0 58.42 13 42.84 8 9.70 9
KAKIZIHF 8538 26 0 0 12.66 3 33.20 9 39.53 14
=2EKA 55.78 26 0 0 12.64 6 16.83 12 26.31 8
LR 44.62 20 3.56 3 15.95 7 24.13 6 0.97 4
M B 68.60 35 56.36 18 10.64 14 0.75 2 0.86 1
WWARA 5298 20 4.95 1 26.36 10 4.68 4 16.98 5
TEREAS 31.76 14 2220 4 4.54 4 0.81 3 421 3
&it 537.55 180 87.07 26 195.19 61 142.81 47 112.49 46
F4 WMREREAFBREAZTEHBMUEEEIT
Table 4 Spatial layout optimization of rural settlements in the study area
fhALH B T BP0 i1 Area/hm’
Optimization type Total patch area/hm®  Number of patches 5 Max. 5/ Min. 44 Average
INABRLA S Suburban integration type 74.49 24 15.98 0.01 3.10
LERIRTFIS Agglomeration promotion type 194.06 59 35.41 0.07 3.29
HEE £ Characteristic protection type 37.56 10 9.26 0.15 3.76
— 774235 General persistence type 105.72 43 8.09 0.04 2.46
WETHIHJE Relocation merge type 125.71 44 14.00 0.00 2.86
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Fig.5 Direction of the relocation merge type of rural settlements
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Spatial layout optimization of rural settlements based on the theory of
safety resilience
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(1. School of Public Management, Inner Mongolia University, Hohhot 010020, China; 2. Institute of Geographic Sciences and Natural
Resources Research, CAS, Beijing 100101, China)

Abstract: Safety resilience is essential to effectively optimize the spatial layout of rural settlements in the context of rural
revitalization, particularly to the survival and development of rural settlements. Taking Kekeyiligeng Town, Wuchuan County,
Inner Mongolia Autonomous Region of China as a typical case, this study aims to define the connotation and characteristics of
residential safety resilience in rural settlements using the principle of safety resilience. The landscape pattern index was also
utilized to analyze the current situation of spatial distribution in the rural settlements. The safety resilience of rural settlements
was then calculated using Expert Scoring and Analytic Hierarchy Process (AHP). Four dimensions of characteristics were
selected, including suitability, redundancy, adaptability, and self-organization. Referred to National Rural Revitalization
Strategic Plan (2018-2022) and Opinions on Promoting Village Planning as a Whole, the optimal types of the spatial layout
were determined to obtain the optimal strategies in the rural settlements. The results showed that: 1) Safety resilience of rural
settlements was a procedural concept with the phased characteristics, including the defense phase, recovery phase, adaptation
phase, and independent capabilities throughout the various phases of system operation. The salient characteristics of safety
resilience were proposed for the rural settlements in different stages of system operation, indicating better suitability,
redundancy, adaptability, and self-organization. 2) The overall performance of safety resilience was relatively excellent in the
rural settlements. There were 87 patches of rural settlements above the security level, accounting for 52.5% of the total area of
Kekeyiligeng Town. There was also a spatial pattern of "south high north low, middle high around low". Specifically, there
were 26 high-security patches with an area of 87.07 hm? in the rural settlements, locating close to the institutional towns.
61 medium-security rural settlements with the largest area of 195.19 hm” were mainly distributed in Furudong Village, mostly
near the traffic arteries of Juzihao Village. A total of 41 critical safety level rural settlements with an area of 142.81 hm” were
mainly distributed in Wulanhudong Village, particularly scattered in the marginal area of Dashuigedong and Juzihao Village.
There were 46 insecure rural settlements with an area of 112.49 hm?, mainly distributed in Dashuigedong and Sanshengtai
Village. 3) Different types of rural settlements well conformed to the development and evolution trend of villages, representing
their own strategies of spatial layout optimization. The suburban integration type of rural settlements should be positively
integrated with urban areas in the industrial economy and public service system, in order to promote the coordinated
development of urban and suburban areas. Furthermore, the agglomeration promotion type of rural settlements should be used
to strengthen the construction of infrastructure and integrated development of various economic types. The characteristic
protection type of rural settlements should also be used to actively improve the production and living conditions, where
appropriate tourism can be developed to increase the income of villagers. Additionally, the general persistence type of rural
settlements should be a further intensive and economical use of land to improve the situation of hollowing out. Consequently,
the relocation merge type of rural settlements is no longer suitable for human habitation. Therefore, the central village of high
safety resilience needs to relocate using a weighted-Voronoi diagram. The findings can provide a potential basis to
comprehensively promote the planning and development of rural settlements under the background of rural revitalization.
Keywords: land use; rural areas; optimization; safety resilience; weighted-Voronoi diagram
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