
Supplementary Table 1. Statistics of traditional villages in the city
	Name
	Number of villages
	Ranking
	Percentage
	Cumulative percentage
	City
	Number of villages
	Rank
	Percentage
	Cumulative percentage

	Jincheng
	185
	1
	13.87%
	13.87%
	Jining
	14
	24
	1.04%
	92.71%

	Jinzhong
	91
	2
	6.84%
	20.71%
	Nanyang
	14
	24
	1.04%
	93.75%

	Changzhi
	78
	3
	5.85%
	26.56%
	Shuozhou
	12
	25
	0.89%
	94.64%

	Xingtai
	75
	4
	5.63%
	32.19%
	Zhengzhou
	12
	25
	0.89%
	95.53%

	Lvliang
	75
	4
	5.63%
	37.82%
	Weifang
	6
	26
	0.44%
	95.97%

	Shijiazhuang
	60
	5
	4.50%
	42.32%
	Xuchang
	6
	26
	0.44%
	96.41%

	Zhangjiakou
	59
	6
	4.43%
	46.75%
	Taian
	5
	27
	0.38%
	96.79%

	Handan
	56
	7
	4.20%
	50.95%
	Qingdao
	5
	27
	0.38%
	97.17%

	Yangquan
	51
	8
	3.83%
	54.78%
	Rizhao
	5
	27
	0.38%
	97.55%

	Linfen
	50
	9
	3.75%
	58.53%
	Tangshan
	5
	27
	0.38%
	97.93%

	Pingdingshan
	37
	10
	2.78%
	61.31%
	Taiyuan
	4
	28
	0.30%
	98.23%

	Luoyang
	34
	11
	2.55%
	63.86%
	Liaocheng
	3
	29
	0.22%
	98.45%

	Xinyang
	33
	12
	2.48%
	66.34%
	Puyang
	3
	29
	0.22%
	98.67%

	Anyang
	33
	12
	2.48%
	68.82%
	Heze
	2
	30
	0.15%
	98.82%

	Xinzhou
	32
	13
	2.40%
	71.22%
	Laiwu
	2
	30
	0.15%
	98.97%

	Sanmenxia
	30
	14
	2.25%
	73.47%
	Chengde
	2
	30
	0.15%
	99.12%

	Zibo
	29
	15
	2.18%
	75.65%
	Qinhuangdao
	2
	30
	0.15%
	99.27%

	Hebi
	29
	15
	2.18%
	77.83%
	Jiyuan
	2
	30
	0.15%
	99.42%

	Yantai
	28
	16
	2.09%
	79.92%
	Zhumadian
	2
	30
	0.15%
	99.57%

	Jinan
	22
	17
	1.65%
	81.57%
	Shangqiu
	2
	30
	0.15%
	99.72%

	Yuncheng
	21
	18
	1.58%
	83.15%
	Hengshui
	1
	31
	0.07%
	99.79%

	Datong
	19
	19
	1.43%
	84.58%
	Zhoukou
	1
	31
	0.07%
	99.86%

	Jiaozuo
	18
	20
	1.35%
	85.93%
	Luohe
	1
	31
	0.07%
	99.93%

	Weihai
	17
	21
	1.27%
	87.20%
	Kaifeng
	1
	31
	0.07%
	100%

	Xinxiang
	16
	22
	1.19%
	88.39%
	Cangzhou
	0
	31
	0.00%
	100%

	Linyi
	15
	23
	1.12%
	89.51%
	Dezhou
	0
	32
	0.00%
	100%

	Baoding
	15
	23
	1.12%
	90.63%
	Binzhou
	0
	32
	0.00%
	100%

	Zaozhuang
	14
	24
	1.04%
	91.67%
	Dongying
	0
	32
	0.00%
	100%



Supplementary Table 2. Spatial analysis research methods.
	Analytical Methods
	Formula
	Formula Description

	Nearest Neighbor Index (NNI)
	 (1)
	 is the average theoretical nearest neighbor distance,  represents the actual nearest neighbor distance, and D is the point density. The distribution of points can be divided into three states: uniform, random, and clustered. When R = 1, the distances between the points are neither too uniform nor too clustered, showing a random pattern; when R > 1, the distances between the indicated points show a uniform pattern; when R < 1, the distances between the indicated points show a clustering pattern.

	Kernel Density Estimation (KDE)
	 (2)
	KDE(x) stands for kernel density estimation. K(x) is the kernel function, x − xk represents the distance between the estimation point and the sample point, N is the number of observation points, and h (h > 0) denotes the bandwidth, which represents the range of observation points (determined using the empirical rule in this study).

	Moran’s I
	 (3)
 
	The global Moran’s I index assesses the degree of spatial autocorrelation across the entire study area. n represents the number of spatial units in the study area, xi and xj are the observed values of spatial units i and j,  is the mean of the observed values, wij represents the spatial weight matrix, and S0 is the sum of the spatial weight matrix. Its value ranges from −1 to 1, where positive values indicate clustering of similar values, negative values suggest dispersion of dissimilar values, and values close to 0 imply a random spatial distribution with no significant autocorrelation.
Zi and Zj represent the means of the observed values for spatial units i and j, respectively, and Wij represents the spatial weight.

	Geographic Concentration Index
	 (4)
	G is the geographic concentration index for traditional villages, where Xi represents the number of traditional villages in the i-th study area. T is the total number of traditional villages. n denotes the number of administrative districts at the city level within the study area, and G0 is the geographic concentration index for the average distribution of traditional villages across cities. The G value ranges from 0 to 100, with a higher G value indicating a more concentrated distribution of traditional villages, while a lower G value indicates a more dispersed distribution.

	Inequality Index
	 (5)
	Yi is the cumulative percentage of the number of traditional villages in each administrative district, ranked from largest to smallest within the study area. S is the Inequality Index, where 0 < S < 1, S = 1 indicates that traditional villages are completely concentrated in one city-level administrative district, and S = 0 indicates that traditional villages are evenly distributed across all cities.



Supplementary Table 3. Geographical detector analysis method.
	Analytical Methods
	Formula
	Formula Description

	GeoDetector
	 (6)
	h = 1, 2, …, l represents the partitions of variable Y or factor X.  and N denote the number of units in the h layer and the entire region.  and  are the variances of Y for the h layer and the overall region, respectively. The value q indicates the degree of influence that this factor or combination of factors has on the spatial differentiation of traditional villages; a larger q-value signifies a greater level of influence.



