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Abstract. Aiming at the problem of urban shrinkage in Liaoning Province, this paper established a 
population classification model by systematic clustering method. Based on two indicators of 
population contraction and GDP contraction, we defined the shrinkage rate, and classified 30 cities 
in Liaoning Province according to the shrinkage rate. Firstly, the weights of population contraction 
and GDP contraction were calculated by using the analytic hierarchy process. Secondly, the average 
annual growth rate of the two is weighted, and the shrinkage rate is defined as the weighted value. 
Then, based on the systematic clustering method, the population classification model was 
established by using the classical Euclidean distance, and the 30 cities were classified by SPSS 
software. The results of this paper on shrinking cities have important reference value for examining 
the future development trend of a city. 
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1. Introduction 

The phenomenon of urban contraction is widespread in the world, and this phenomenon has 

obvious regional characteristics of economic and social phenomena. This phenomenon is mainly 

reflected in two aspects: population reduction and economic deprivation. At present, there is no 

uniform definition of shrinking city, which can be measured by single population change index or 

multi-indicator change. According to the degree of contraction, the cities with contraction can be 

classified as mild, moderate and severe. It can also be divided into smart contraction and absolute 

contraction by referring to the changes in total population and GDP. 

Since reform and opening up, China's rapid economic development, many parts of the rapid 

urbanization, but as the unbalanced development in different parts of the industry, many places in the 

city of shrinkage problem, according to the analysis of the different levels of urban central shrinkage 

phenomenon occurred in the northeast old industrial zone, is the traditional heavy industry city, the 

east developed city circle, the western frontier. As the earliest industrialized province and the national 

traditional heavy industry base, Liaoning is also facing this problem. Under this background, it is 

very necessary to investigate and study the urban shrinkage problem in Liaoning Province. 

Liaoning Province has 2 sub-provincial cities, Shenyang and Dalian, 12 prefecture-level cities and 

16 county-level cities, a total of 30 cities. Based on the basic data of cities in Liaoning Province, the 

population data of these cities and some economic development indicators of municipal and county-

level cities, this paper establishes a city prediction model based on population classification to provide 

some solutions for the problems related to urban shrinkage. 

2. Data preprocessing 

Combined with the actual change rules, we preprocessed the collected population-related data as 

follows. 

(1) The population data of Tieling and Chaoyang in 2012 were missing in Liaoning urban 

population statistics table. We used cubic Hermite interpolation method to solve the approximate 

population values of Tieling and Chaoyang in 2012, and drew the corresponding population change 

curve. 
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(2) By drawing the boxplots of the population of Liaoning cities, we found that the population data 

of Tieling in 2017 and 2018 were abnormal, and the cubic Hermite interpolation method was used to 

clean the noisy data. 

(3) Some data were missing, and we used cubic Hermite interpolation method to obtain the 

approximate value of the missing data, which made up for the missing data. 

(4) In order to cluster the two indicators of GDP and population, we calculated the annual growth 

rate of GDP and population of 30 cities in Liaoning Province and calculated the corresponding 

average value. Each indicator was given a corresponding weight, because the growth rate did not have 

a unit, so there was no need for standardization. 

3. Population classification model 

3.1. Determination of the weight of population contraction and GDP contraction 

The identification indexes of shrinking cities are related to population contraction and GDP 

contraction. In order to compare the weights of the two factors to determine reasonable identification 

indexes, we established a hierarchical structure model based on analytic hierarchy process (AHP) as 

shown in Figure 1. The hierarchical structure model is shown in Figure 1. 

Shrinking city 

identification

GDP contraction
Population is 

shrinking

Dalian Shenyang   Xingcheng

The target layer

Rule layer

Scheme layer
 

Figure 1. Hierarchical model 

Combining References [1] and data analysis, population decline as a single dimension of urban 

shrinkage characteristics, in the multi-dimensional evaluation, should occupy more weight, at the 

same time for economic problems, with the industrialization and economic development of the city, 

there is basically no economic recession phenomenon, GDP changes should occupy less weight. 

Based on the above analysis, the weight of population contraction relative to GDP contraction is 

defined as 7, and the following judgment matrix A is established. Since there are only two indicators, 

the judgment matrix A is a consistent positive reciprocal matrix [2]. 
1 7

1
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The normalized result of eigenvector D corresponding to the maximum eigenvalue of judgment 

matrix A is calculated as follows: 

d=( 1 , 2 )                                         (1) 

Get the weight of population contraction and GDP contraction, 1 2 . 

3.2. Establishment of population classification model 

First, we define the following indicators. 

Indicators of population contraction: 

1i ix p=                                           (2) 
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GDP contraction indicator: 

2i iy g=                                         (3) 

Shrinkage index: 

1 2i i ip g  = +                                     (4) 

That is, the population contraction index is the average of the annual population rate, the GDP 

contraction index is the average of the annual GDP growth rate, and the contraction index is the 

weighted result of the population contraction index and the GDP contraction index [3]. 

The population classification model is established by systematic clustering method, and the 

algorithm is shown in Figure 2. 
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Initialize each object as 
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distance between two 
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Merge the two classes with the smallest distance into 
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new class and all the classes

The number of classes is 1

End

YES
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Figure 2. Flowchart of systematic clustering algorithm 

Initially, all cities were divided into 30 categories, and a two-dimensional coordinate system was 

established, with the horizontal axis representing the population contraction index and the vertical 

axis representing the GDP contraction index. Classical Euclidean distance was used: 

1 1

2 2 2 22 2
1 1 2 2[( ) ( ) ] [( ) ( ) ]ij i j i j i j i jd x x y y p p g g   = − + − = − + −         (5) 

The minimum distance between different classes was calculated. 

Where, ,i jx x  represents the population contraction indicator of the two cities, and ,i jy y

represents the GDP contraction indicator of the two cities.  

After the distance is calculated, the two classes with the smallest distance are merged into a new 

class, and the updated distances between classes are recalculated until the total number of categories 

is 1 [4]. 

3.3. Solution of the model 

Step 1: According to the judgment matrix 

1 7

1
1

7

A

 
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  
 

 

With the help of MATLAB's command: [v, d]=eig(A) 
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Where, V is the eigenvector, D is the diagonal matrix formed by the eigenvalues, and EIg is the 

command to find the eigenvalues and eigenvectors of the judgment matrix A. 

The normalized result d=( 1 , 2 ) of finding the eigenvector D corresponding to the largest 

eigenvalue. 

Finally, the weights of population contraction and GDP contraction are 1 =0.875 and 2 =0.125 

respectively.  

Step 2: Excel was used to calculate the population contraction index ix  and GDP contraction 

index iy  of 30 cities. The statistical data are shown in Table 1 below. 

Table 1. Population indicators and GDP indicators of each city 

 𝑥𝑖 𝑦𝑖   𝑥𝑖 𝑦𝑖 

shenyang 0.006066 0.015677  Wafangdian city 0.009773 0.00429 

dalian 0.008828 0.027517  zhuanghe 0.00906 0.0032 

anshan 0.00076 0.00116  Haicheng county 0.006782 0.0064 

fushun 0.004744 0.00382  donggang 0.002988 0.00327 

benxi 0.003003 0.0079  fengcheng 0.006335 0.00624 

jinzhou 0.006759 0.00218  linghai 0.006463 0.01186 

dandong 0.005922 0.001554  Bei Town city 0.008026 0.00585 

yingkou 0.008587 0.004003  Gaizhou city 0.008097 0.00661 

fuxin 0.006349 0.00499  dashiqiao 0.002481 0.00518 

liaoyang 0.006722 0.012454  dengta 0.009972 0.01395 

Panjin 0.012188 0.05172  The soldiers mountain city 0.021473 0.00823 

tieling 0.005158 0.00565  Kaiyuan city 0.004902 0.00568 

Chaoyang 0.006669 0.001897  Beipiao 0.009 0.00767 

huludao 0.003626 0.00282  lingyuan 0.011314 0.00245 

Xinmin city 0.014264 0.00545  xingcheng 0.016064 0.00483 

Step 3: Perform cluster analysis with SPSS software, and the clustering results are shown in Figure 

3. [5] 

 

Figure 3. Pedigree of clustering results 
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We used Elbow's rule to determine the optimal number of clusters, defined the total distortion 

degree of all classes as the aggregation coefficient, and drew the following line diagram of the 

aggregation coefficient, as shown in Figure 4 [6]. 

 

Figure 4. Curve of aggregation coefficient 

It can be seen from the line diagram that the aggregation coefficient decreases significantly from 

class 1 to class 5. When the number of classes is greater than 5, the aggregation coefficient tends to 

be flat and does not change significantly. Therefore, it is feasible to divide the samples into five 

categories [7]. 

We use scatter plot to depict the general position of each category on the two-dimensional plane. 

The contraction index of the category near the lower left is relatively small, and the comprehensive 

definition of contraction index shows that the contraction degree of the category at the lower left is 

relatively large.Similarly, the contraction degree of the upper right group was relatively small. 

In order to ensure the robustness of the results, K-means clustering method was used to perform 

secondary aggregation of the samples and obtain the corresponding scatter plot, as shown in Figure 

6. The scatter plot drawn by the systematic clustering method was compared, as shown in Figure 5, 

the position difference between the two scatter plots was small, which verified the reliability of the 

results. 

 

Figure 5. The corresponding scatter plot of the systematic clustering method 
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Figure 6. Scatter plot corresponding to K-means clustering method 

Finally, according to the order of shrinkage rate, we defined first-level contraction, second-level 

contraction, third-level contraction, fourth-level contraction, and fifth-level contraction [8] (the lower 

the grade, the more severe the contraction) and concluded that: Anshan city for level 1 contraction, 

fushun, benxi, jinzhou, dandong, yingkou, fuxin, tieling, chaoyang, huludao, wafangdian, haicheng, 

donggang, FengCheng, LingHai, Bei Town city, gaizhou city, dashiqiao, dengta, kaiyuan city, saves, 

lingyuan city secondary contraction, xinmin city, adjustable soldiers mountain city, xingcheng 

contraction for level 3 city, Dalian, Shenyang, Liaoyang for the fourth contraction city, Panjin for the 

fifth contraction city. According to the known data and clustering results, the GDP and population 

indicators of Anshan city almost continued to decline after 13 years.As the third largest city in 

Liaoning Province, Anshan city has a huge population and an old heavy industry base. However, with 

the decline of heavy industry in northeast China and other factors, the population of Anshan city 

continues to lose, and it has seen continuous growth for several years. [9] 

4. Conclusion 

In this paper, the GDP and population indicators are integrated to complete the establishment of 

the shrinking city model, and provide model support for the identification of shrinking cities. This 

article first by writing code, analytic hierarchy process to calculate weight of the two indicators, using 

excel statistical and solving the two indicators of shrinkage index year by year, by SPSS software, 

with two indicators weight sum after average growth rate year by year as shrinkage index, USES the 

system clustering method in 30 cities, determine the into the category of the number, Finally, the 

cities are divided into five grades by calculating the contraction index of each category. In the 

establishment of population classification model, due to the uncertain number of classification, the 

system clustering method is used to overcome the defect of K-means clustering method can not 

determine the number of categories, and the reasonable number of categories is determined according 

to the aggregation coefficient. Using the classical Euclidean distance to calculate the shortest distance 

between categories, and giving weight to the population contraction index and GDP contraction index, 

the results are more reliable. 
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