Supplementary File 2. Detailed Explanation of Local Outlier Factor Analysis
Outlier detection
 Global and Local Outlier Factor Analysis
Spatial data outlier detection techniques should enable the identification of two distinct types of outliers: global outliers and local outliers. Outliers in a specific area usually possess nonspatial characteristics that significantly deviate from those observed in the surrounding areas. The detection of local outliers necessitates the ability to operate at a local level, specifically within neighborhoods, to consider the spatial interdependence among the statistical units being examined[23].
Local outlier factor analysis
We utilized LOF analysis to exclude outliers. The LOF algorithm is described in reference to the utilization of density-based techniques. The process of determining the LOF involves calculating the degree of outliers for each data point. The LOF introduces the concept of a local outlier. The determination of local density involves the estimation of distances between neighboring data points, also known as k-nearest neighbors. The local density can be calculated for each individual data point. Through the process of comparison, we can determine which data points exhibit similar densities, and which have a lower density than their neighboring data points. The data points exhibiting lower densities are classified as outliers. The concept of k-distances refers to the calculation of distances between points, which are utilized to identify the k-nearest neighbors of each point. The point that is second closest is commonly referred to as the second nearest neighbor to the given point[24].
The reachability distance between objects A and B can be defined as the actual distance between two objects, with a minimum value of the k-distance of B. The objects that are part of the k nearest neighbors of B are regarded as having equal distances.
  Equation 1.
Object A's local reachability density is determined by X, which is the reciprocal of the average reachability distance between object A and its neighboring objects.
Equation 2.
Notably, the k-distance (A) refers to the distance at which A can be "reached" from its neighbors rather than the average reachability of the neighbors from A. The presence of duplicate points can result in an infinite value.
The comparison of local reachability densities is conducted by dividing the average local reachability density of the neighbors by the local reachability density of the object itself.

  Equation 3.

An approximate value of 1 signifies that the object is similar to its neighboring objects, indicating that it is not an outlier. A value less than 1 signifies a region with higher density, indicating an inlier, whereas values considerably greater than 1 indicate outliers.

LOF(k) ~ 1 means a density similar to that of neighbors,
LOF(k) < 1 means a higher density than neighbors (Inlier),
LOF(k) > 1 means a lower density than neighbors do (outliers).
.



 Standardization feature scaling
The concept of Z score normalization pertains to the procedure of standardizing each value within a dataset, resulting in a mean of 0 and a standard deviation of 1. 
The formula employed for performing z score normalization on all values within a dataset is as follows:


						Equation 4.

Z= Z score normalization
x: value
: mean value
: standard deviation

