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Abstract: Taking the data of 3029 medical institution points in the main urban area of
Kunming in 2022 as the basic data, including community clinics, general hospitals, and
specialized hospitals, this study uses methods such as average nearest neighbor distance
analysis, kernel density analysis, and spatial autocorrelation analysis to map the spatial
distribution of medical institutions and explore their characteristics. The results show that:
(O The medical points in the main urban area of Kunming exhibit strong spatial clustering
characteristics. Among them, community clinic medical points have the strongest clustering,
while the clustering of general hospital medical points is relatively poor. @ The spatial
distribution of medical institutions in the main urban area of Kunming is not balanced.
Medical institutions in the main urban area of Kunming are significantly clustered in the core
area (within the first ring road) and dispersed in the outer area (outside the first ring road).
(3 Different medical institutions in the main urban area of Kunming have different
distributions. Specialized hospitals and general hospitals are mainly concentrated in the
Cuihu area, while clinics have a high distribution density in areas such as Beichen, Baiyun,
and Century City, in addition to the Cuihu area. Among the three types of medical institutions,
clinics have the highest accessibility, while the accessibility of general hospitals is relatively
low. This paper aims to conduct GIS spatial analysis of the existing medical institutions in
the main urban area of Kunming, with the hope of providing important reference for the
layout and planning of medical facilities.

1. Introduction

Medical service institutions are fundamental public service resources for regional social and
economic development. The strength of their function directly affects the public's physical health.
Reasonable distribution of medical institutions and improvement of different types of medical service
functions are essential for ensuring the health of citizens . Medical service capacity refers to the
measure of the convenience of regional medical infrastructure in providing medical and health
services to urban and rural residents within a certain range, i.e., the accessibility of medical services.
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Medical points are the carriers and important supports for the realization of medical service functions,
and their spatial location and accessibility play a crucial role in the performance of medical service
functions . This paper takes the main urban area of Kunming as an example to analyze the
distribution characteristics of medical institutions within the city, providing theoretical and technical
references for regional medical institution distribution planning.

Currently, numerous scholars have conducted various studies on the distribution characteristics
and rationality of medical institutions. For instance, Li Zhongkai analyzed the fairness of medical
institution allocation in the Xinjiang Uygur Autonomous Region based on population and
geographical distribution, using Lorenz curve, Gini coefficient, and Theil index 1. Zhang Lufa used
Theil index method and comprehensive evaluation method to analyze the spatial equilibrium and
changes in the distribution of medical institutions at different levels in Shanghai since the new
medical reform ™. Ju Yonghe proposed a medical institution allocation algorithm based on the CP-
nets model, taking into account the highest overall efficiency of medical institutions and the
competitive factors for resources, aiming to ensure the fairness of medical care . Despite the
extensive research on medical institutions, there is still a lack of comparative studies on the various
levels of medical institutions within cities. This paper mainly utilizes geographic information system
(GIS) related technologies to analyze the distribution characteristics of community clinics,
specialized hospitals, and general hospitals in the main urban area of Kunming. By comparing and
analyzing the distribution characteristics of these three types of medical institutions, the paper
ultimately evaluates the impact of the distribution characteristics of medical institutions on the degree
of medical treatment for residents in the main urban area of Kunming.

Based on the above analysis, this paper takes the data of 3029 medical institution points in the
main urban area of Kunming in 2022 as the basic data, including the resource point data of community
clinics, general hospitals, and specialized hospitals. Through the use of average nearest neighbor
distance analysis, kernel density analysis, and spatial autocorrelation analysis, the paper maps the
spatial pattern of the accessibility of different types of medical services in the main urban area of
Kunming. It systematically analyzes the spatial differentiation characteristics of medical service
functions in the main urban area of Kunming, providing decision support for the optimization of
medical institution distribution patterns and the rational layout of land use in the research area.

2. Research Method and Data Source
2.1. Study Area and Data

This paper takes the main urban area of Kunming as the study area, mainly including the core area,
the second ring area, the third ring area, and the new urban area, with a total area of 500 square
kilometers. The medical institutions in this paper are categorized into community clinics, general
hospitals, and specialized hospitals for measurement and analysis. As shown in Figure 1, based on
this classification, we obtained 1437 data points for community clinics, 653 data points for general
hospitals, and 939 data points for specialized hospitals, totaling 3029 medical institution data points.
The attribute and spatial data of medical institution points are sourced from the Gaode Map POI
(December 2022 data).
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Figure 1: Distribution of Medical institutions in the Main Urban Area of Kunming City
2.2. Methods

2.2.1. Average Nearest Neighbor Distance Analysis

The average nearest neighbor distance can determine the average distance of each medical
institution data point, and based on the ratio R of the actual average nearest neighbor distance value
(di) to the expected average nearest neighbor distance value (de), the spatial distribution characteristics
of the medical institution data points can be determined: namely, uniform distribution, clustered
distribution, and random distribution. The range of R is 0<R<2.149, and R can be expressed as:
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When R<1, it indicates that the medical institution data points are clustered;when R>1, the data
points are dispersed;when R=1, it represents the random distribution of medical institution data points.
The standard deviation Z can be expressed as ©:

7 — (@i-de)/N?/A @)
0.26136
Where Z with a score that is too low (strong clustering) or too high (strong dispersion) has a smaller
significance p-value;when p<0.01, it indicates a strong clustering (dispersion) distribution of medical
institutions; 0.01<p<0.05 indicates a relatively strong clustering (dispersion) distribution;0.05<p<0.1
indicates a general clustering (dispersion) distribution;p>0.1 indicates poor significance, representing
a random distribution.

2.2.2. Kernel Density Analysis

Kernel density estimation is a commonly used method for analyzing spatial patterns in geography.
It involves overlaying the density of each feature point within a region to obtain the distribution
hotspots of the points in the area. In this study, kernel density estimation is used to analyze the spatial
differentiation characteristics of the main medical institutions in the urban area of Kunming.The
estimation formula for kernel density is ['):

A(s) = Tty — o(dyy/T) )

Where A(s) is the kernel density estimate for point s, r is the bandwidth, i.e., the search radius of
the kernel density function, n is the sample size, and ¢ is the weight of the distance dis between
consumption point s and 1.

2.2.3. Spatial Autocorrelation Analysis

The Global Moran's Index (GMI) reflects the degree of correlation of a geographic phenomenon
or attribute value on a regional unit with the same phenomenon or attribute value on neighboring
regional units. GMI is represented as [¢:

GMI =373, (xi—X)(x; —X)/S? Xl Xfa W ()

§? =Yt —%)* /n ®)

Where I is the Global Moran's Index; xiis the density of medical data points in the i-th block (or
neighborhood, community, etc.), and Wij is the spatial weight matrix of the blocks. If the distance
between blocks is within the specified threshold distance, the weight is 1, indicating a significant
influence on that block. If it exceeds the specified threshold distance, the weight is 0, indicating no
impact on the block's calculation.

3. Results Analysis
3.1. Analysis of Average Nearest Neighbor Results

Using the average nearest neighbor distance analysis, the average nearest neighbor distance of
3029 medical institution points in the main urban area of Kunming City is calculated to be 97.42
meters. From Table 1, it can be seen that the expected average distance for medical points is 205.78
meters, with an R value of 0.47 and a Z score of -55.45, indicating that the medical points in the main
urban area of Kunming City have a strong spatial clustering feature. Furthermore, after subdividing
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the medical points into three categories: community clinics, general hospitals, and specialized
hospitals, and still using the average nearest neighbor distance method, the results in Table 1 show
that all three categories of medical points exhibit strong spatial clustering. Among them, community
clinic medical points exhibit the strongest clustering, while the clustering of general hospital medical
points is relatively poor, indicating a lower level of convenience for residents seeking medical
treatment compared to community clinics.

Table 1: Display of Average Nearest Neighbor Results for Medical institutions

Category R Value | PValue | Z Score Nature
Community Clinics 0.504 0.000 -35.989 Strong clustering
General Hospitals 0.566 0.000 -21.227 | Strong clustering

Specialized Hospitals 0.512 0.000 -28.630 Strong clustering
Total Medical Points 0.473 0.000 -55.45 Strong clustering

3.2. Kernel Density Analysis Results

Using the kernel density function, the hot spot distribution of medical institutions in the main urban
area of Kunming is obtained. Figure 2 shows that community clinics are highly concentrated in the
core area of the first ring road in Kunming (Cuilake area). In addition, there are two high-density hot
spots outside the first ring road in the northeast and southwest directions (Beichen and Baiyun areas).
Furthermore, a high-density hot spot appears in the southeast direction of the new urban area (Century
City area). General hospitals are highly concentrated in the core area of the first ring road in the
Cuilake area. Similarly, specialized hospitals are also concentrated in the Cuilake area, and two
high-density hot spots also appear in the northeast and southeast directions. It is worth noting that all
three types of medical institutions in the main urban area of Kunming appear as scattered low-density
hot spots within the third ring road. In summary, the overall distribution of medical institutions in the
main urban area of Kunming shows significant local clustering (core area within the first ring road)
and dispersed spatial clustering features outside the first ring road. The highly concentrated areas of
medical institutions are mainly distributed in the core area of the first ring road, and areas with high
concentration are mainly distributed outside the first ring road, while low-value areas are mainly
distributed in the new urban area, indicating an uneven spatial distribution of medical institutions.
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Figure 2: Distribution pattern of nuclear density of medical institutions in the main urban area of
Kunming
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3.3. Results of spatial autocorrelation analysis

According to Moran's | index, the spatial correlation and agglomeration characteristics of medical
institution point density in Kunming main urban area were determined. FD method is used as the
judgment basis of the spatial weight matrix, and the obtained Moran's | index, Z score and P value
are shown in Table 2. As can be seen from Table 2, the block density of medical institutions in the
main urban area of Kunming shows a positive correlation on the whole, indicating that the greater the
density, the easier to gather together.

Table 2: Shows the results of spatial autocorrelation analysis

Category Moran’s | Z Value P Value
Community Clinics 0.352 22.645 0.000
General Hospitals 0.182 11.610 0.000
Specialized Hospitals 0.512 32.915 0.000

3.4. Three-dimensional display of analysis results

The kernel density function was used to get the hot spot distribution of medical institutions in the
main urban area of Kunming, and then ArcScene was used to stretch it to get a three-dimensional
display map of the kernel density. Construct a 500>600m grid as the basic analysis unit, analyze the
POI density in the medical institutions POI grid, and obtain a clear three-dimensional display map.
As shown in Figure 3, the distribution of community clinics is most obvious in the main urban area
of Kunming, although they are also distributed in other urban areas, but the difference is more
significant compared with the main urban area. General hospitals are mainly concentrated in the very
high density grid in the central part of the city, and there is a sub-density surrounding pattern. The
specialized hospitals are also mainly concentrated within the third ring road of the main urban area,
and the distribution in other areas is less or not significant. To sum up, community clinics are widely
distributed, specialized hospitals and general hospitals are mainly concentrated near the core areas of
the main urban area, the overall medical institutions are still unbalanced and insufficient, and
convenient medical conditions are difficult to cover residents in other areas.
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Figure 3: Three-dimensional display of nuclear density of medical institutions
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4. Conclusion

This study analyzed the spatial differentiation pattern of medical institutions in the main urban
area of Kunming by using geographic information systems such as mean nearest proximity, kernel
density estimation and spatial autocorrelation analysis, and presented the spatial pattern in 3D. The
results showed that: (1) The medical centers in the main urban area of Kunming had a strong spatial
clustering feature. The aggregation of community clinics is the strongest, while the aggregation of
general hospitals is relatively poor. (2) The spatial distribution of medical institutions in the main
urban area of Kunming is not balanced. In the main urban area of Kunming, the medical institutions
generally appear in the local (the core area of the first ring) significant aggregation, and the external
(outside the ring) scattered spatial agglomeration characteristics. (3) The distribution of different
medical institutions in the main urban area of Kunming is different. Specialized hospitals and general
hospitals are mainly concentrated in Cuihu area, and the distribution density of clinics in Beichen,
Baiyun and Century City area is also high. Compared with the three medical institutions, the
accessibility of clinic is the highest, and the accessibility of general hospital is relatively low.
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