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Abstract 
In recent years, the concept of urban resilience and vitality has attracted the attention of 
all sectors of society, and it has also become a hot topic in the field of international urban 
and regional economic research. It is of great significance to explore ways to improve the 
resilience and vitality of urban economy in the post-epidemic era and promote the long-
term development of urban economy. Based on the multi-angle research perspective, 
this paper analyzes the urban economic resilience and economic vitality, and selects six 
new evaluation indicators such as consumer price index to construct the evaluation 
system. This paper expands the research scope, selects the representatives of typical 
southern, northern and central cities in China, and selects 14 cities including Shanghai, 
Nanjing, Hangzhou, Chongqing, Guangzhou, Shenzhen, Wuhan, Hefei, Changsha, 
Zhengzhou, Xi 'an, Beijing, Tianjin and Jinan, and establishes PAC model to empirically 
study the factors that affect the economic development of cities. The conclusion of the 
study shows that to cushion the impact of epidemic situation on urban economy and 
improve the economic resilience and vitality of the city, we can start from three main 
aspects: expanding foreign trade, promoting industrial development and stimulating 
urban internal consumption. Among them, Shanghai and Guangzhou did well in 2020. 
Finally, based on the research conclusion, the article puts forward the countermeasures 
to promote long-term economic development in the post-epidemic era. 
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1. Introduction 

In recent years, the concept of urban resilience and vitality has attracted the attention of all 
sectors of society, and has also become a hot topic in the research field of urban and regional 
economy in the world. Urban economic vitality is an important factor that affects the ranking 
of cities. It can measure the ability and potential of a city's economic development. Secondly, 
the resilience of China's urban economy is more important in the post-epidemic era. To 
correctly analyze and evaluate a city's economic development, it is the basic link to establish a 
more scientific comprehensive evaluation index system. Therefore, starting with improving 
economic vitality and economic resilience, it is of great practical significance to find out the 
main influencing factors of promoting economic development and put forward relevant 
suggestions for promoting long-term economic development. 

2. Literature Review 

Han Aihua et al. (2021) predicted the potential output under counterfactual conditions based 
on the SARIMA-BP combination model, measured the economic resilience of 31 provinces in 
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China under the impact of the COVID-19 epidemic according to the monthly data from 2012 to 
2019, and explored the factors affecting the economic resilience by using the tendency score 
matching double difference method. It is pointed out that COVID-19 epidemic has an impact on 
economic resilience, the cumulative growth rate of fixed assets investment and consumer price 
index have a buffering effect on economic resilience, and increasing investment to further 
stimulate the recovery of consumer market can effectively enhance economic resilience [1]. 
Zhang Yuan et al. (2022) used NPP/VIIRS night lighting data to construct two kinds of indicators, 
namely, lighting impact index and lighting recovery index, and made an empirical analysis of 
the heterogeneous impact of the national COVID-19 epidemic in early 2020 on the urban 
economy at different time and space scales, indicating that most cities in southern China 
correspond to the urban development law under the actual epidemic background; The 
economies of Beijing, Chongqing, Guangzhou, Shanghai and other places have been greatly 
affected but recovered well, reflecting their good resilience and urban resilience; Northeast 
cities represented by Shenyang and Harbin lack certain urban vitality [2]. Zhou Pengfei et al. 
(2022) pointed out that most of the cities with high economic vitality are concentrated in the 
eastern region, the Pearl River Delta and the Yangtze River Delta. Beijing, Shanghai, Guangzhou 
and Shenzhen have great advantages in terms of geographical location, development history, 
national policies, resource distribution, etc. Therefore, cities have high economic vitality. In 
order to improve the economic vitality of a region, it is necessary to strengthen its economic 
growth capacity and its ability to attract capital and production factors. Increase the number 
and scale of enterprises; On the basis of economic growth, pay attention to the cultivation of 
high-quality talents and accelerate the pace of innovation drive [3]. 
At present, many scholars have made research on China's urban economic development under 
the epidemic situation, taking different regions as examples, using theoretical analysis and 
empirical research, respectively, to explore the city's resilience and vitality, which provided 
valuable suggestions for enhancing the city's vitality. In 2022, some areas of China experienced 
repeated epidemics. From a new perspective, this paper established PAC model to empirically 
analyze the influencing factors of the city's economic resilience and vitality, analyzed the 
differences among cities based on the model analysis, and put forward countermeasures to 
promote long-term economic development based on the research conclusions. 

3. Model Analysis 

3.1. Selection of Indicators and Data Sources 
3.1.1. Index Selection 
The indicators are consumer price index, ex-factory price index of industrial producers, total 
import and export volume, GDP per capita, general public budget revenue and turnover of 
technology market. Among them, the consumer price index is the relative number that reflects 
the price change trend and degree of consumer goods and services purchased by urban and 
rural residents in a certain period, and it is the result of comprehensive summary calculation of 
urban consumer price index and rural consumer price index. Through this index, we can 
observe and analyze the influence of the retail price of consumer goods and the price changes 
of service items on the actual living expenses of urban and rural residents. The ex-factory price 
index of industrial producers is a relative number that reflects the changing trend and degree 
of the total ex-factory price level of all industrial products in a certain period, including all kinds 
of products sold by industrial enterprises to all units except this enterprise and products 
directly sold to residents for daily consumption. This index can observe the influence of ex-
factory price changes on the gross industrial output value and added value. The total import 
and export amount refers to the total amount of goods actually entering and leaving China's 
territory. This indicator is used to observe the total scale of a country's foreign trade. Per capita 
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GDP refers to the ratio of the absolute value of GDP to the average population of that year, and 
it is an index to measure the economic contribution or value creation of each resident in a 
country or region. Local general budget revenue includes tax revenue and non-tax revenue, 
which provides a solid financial guarantee for urban development. Market turnover of 
technology can reflect the active degree of technology development and technology trading in 
a region or city, and it is the direct embodiment of scientific and technological strength and 
transformation of scientific and technological achievements. 
3.1.2. Data Sources 
In this paper, 14 cities in 2020, including Shanghai, Nanjing, Hangzhou, Chongqing, Guangzhou, 
Shenzhen, Wuhan, Hefei, Changsha, Zhengzhou, Xi 'an, Beijing, Tianjin and Jinan, are selected as 
research units. The local data come from the statistical yearbooks and statistical bulletins of 
each city, and some of them are missing, so they are calculated by using the data of the previous 
year's index instead or the average method. 

3.2. Data Processing 
EXCLE is used to sort out the collected data, and Matlab is used to process the data. The 
descriptive statistics after processing are shown in Table 1: 
 

Table 1. Descriptive statistics of data 

index maximum minimum  average 
standard 
deviation 

Consumer price index (%) 102.6 101.7 102.1714286 0.271052371 
Ex-factory price index of industrial 

producers (%) 
102.1 97.1 99.04571429 1.130750157 

Total import and export volume (USD 100 
million) 

5031.89 4.9464 1401.539847 1568.054878 

Per capita GDP (yuan) 164889 78173 124159.0714 28539.94489 
General public budget revenue (100 million 

yuan) 
5483.89 724.14 2038.558038 1270.538191 

Turnover of technology market contracts 
(100 million yuan) 

6316.2 154.2 1272.920036 1529.351327 

3.3. Introduction of Model Method 
Principal component analysis: Principal component analysis is a mathematical dimension 
reduction method to find out several comprehensive variables to replace the original numerous 
variables. These comprehensive variables can represent the information amount of the original 
variables as much as possible, and they are not related to each other. What principal component 
analysis needs to do is to try to recombine many original variables with certain correlation into 
a new set of unrelated comprehensive variables to replace the original variables, and the new 
variables reflect the information of the original variables as much as possible to simplify the 
problem. 

3.4. Model Demonstration and Analysis 
3.4.1. Data Standardization Processing 
As the units of each index are different, and the variance of each index is very large, firstly, the 
sample data is subjected to dimensionless transformation, and the transformation method is 
standardized. The standardized data after the change are shown in Table 2 below: 
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Table 2. Standardized data 

2020 
Consumer 
price index 

(%) 𝑥  

Ex-factory 
price index 

of 
industrial 
producers 
(%)      𝑥  

Total import 
and export 

volume 
(USD 100 

million) 𝑥  

Per capita 
GDP 

(yuan)  𝑥  

General 
public 
budget 

revenue 
(100 

million 
yuan)   𝑥  

Turnover of 
technology 

market 
contracts (100 
million yuan)   

𝑥  

Shang hai 1.6760 2.6029 2.2310 1.0683 2.5198 0.3417 
Nan jing 0.8126 0.0463 0.3838 1.1872 0.4111 0.3759 

Hang zhou 0.2539 -1.3173 -0.3352 0.4206 -0.1641 -0.4864 
Chong qing 0.4571 0.0804 -0.2825 -1.5527 -0.1633 -0.7049 
Guang zhou 1.5236 0.3019 -0.0156 0.3676 -0.3649 0.6198 
Shen zhen 0.4571 -0.0390 1.8476 1.1868 0.7918 -0.1491 

Wu han 0.8126 -0.0390 -0.6195 0.2459 -0.0019 -0.2083 
He fei 0.4571 -0.1242 -0.6309 -0.5312 -0.8851 -0.5034 

Chang sha -1.3205 -0.0390 -0.6509 -0.0291 -0.4082 -0.5899 
Zheng zhou 0.4571 -0.0390 -0.8583 -0.9875 -0.6161 -0.6680 

Xi'an -0.2539 0.9837 -0.5507 -1.5186 -0.9061 0.2367 
Bei jing -1.6760 0.0463 1.1976 1.3752 1.6731 3.1777 
Tian jin -0.6094 -1.6581 -0.2103 -0.7612 -0.2564 -0.1008 
Ji nan 0.8126 -0.8059 -0.7385 -0.4713 -0.8075 -0.5892 

3.4.2. Calculating the Eigenvalues and Eigenvectors of the Sample Correlation 
Coefficient Matrix 

The eigenvalue is 6, and the eigenvector data are shown in Table 3: 
 

Table 3. Eigenvector 
-0.3472 -0.0848 0.7625 0.3952 -0.3143 0.1893 

0.3084 0.7849 0.2009 0.3555 0.3437 -0.0636 

0.4849 0.0576 0.2278 -0.2037 -0.5932 -0.5624 

0.3823 -0.4630 0.4867 -0.1817 0.6013 -0.0892 

0.5123 0.0507 0.0345 -0.1885 -0.2533 0.7963 

0.3751 0.3956 0.2970 0.7794 -0.0735 -0.0422 

3.4.3. Principal Component Analysis 
According to the cumulative contribution rate of principal components, select the important 
principal components and get the principal component expression. According to Table 4, it can 
be seen that the cumulative contribution rate of the first, second and third principal 
components is 0.86724, that is, 86.724%, which means that these three principal components 
can represent the six indicators of the 14 cities measured. Therefore, the first three principal 
components are selected as the principal factors. 
 

Table 4. Cumulative contribution rate of principal components 
Cumulative contribution rate of principal components 

0.58692 

0.73349 

0.86724 

0.94809 

0.98968 

1.00000 
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The expressions of the first three principal components are: 
① 𝑦 =-0.3472𝑥 -0.0848𝑥 +0.7625𝑥 +0.3952𝑥 -0.3143𝑥 +0.1893𝑥  
② 𝑦 =0.3084𝑥 +0.7849𝑥 +0.2009𝑥 +0.3555𝑥 +0.3437𝑥 -0.0636𝑥  
③ 𝑦 =0.4849𝑥 +0.0576𝑥 +0.2278𝑥 -0.2037𝑥 -0.5932𝑥 -0.5624𝑥  
In first principal component, the coefficients before the total import and export volume 𝑥 , the 
per capita GDP 𝑥  and the contract turnover 𝑥  in the technology market are positive, which 
means that the larger the values of these three indicators are, the bigger the first principal 
component will be, among which the coefficient before the total import and export volume 𝑥  
is 0.7625, which has the greatest impact on first principal component. Therefore, first principal 
component is named as the development factor of urban economic vitality, which mainly 
reflects the economic vitality of the city in its foreign exchanges. 
Among the second principal components, the coefficients before consumer price index 𝑥 , ex-
factory price index 𝑥  of industrial producers, total import and export volume 𝑥 , per capita 
GDP 𝑥 , and general public budget revenue 𝑥  are positive, indicating that the larger the values 
of these three indicators are, the larger the second principal component is, in which the 
coefficient before ex-factory price index  𝑥  of industrial producers is 0.7849, which is the 
largest. 
Among the third principal components, the consumer price index 𝑥 , the ex-factory price index 
𝑥  of industrial producers, the total import and export volume 𝑥  and the former coefficients 
are positive, which means that the larger the values of these three indicators are, the bigger the 
third principal component is. Among them, the former coefficient of consumer price index 𝑥  is 
0.4849, which has the greatest influence on the third principal component. Therefore, the third 
principal component is named as the development potential factor. 
Taking the respective contribution rates of the first three principal components as weights, the 
evaluation system model of urban economic vitality and resilience is obtained by weighted 
summation: 𝐹= 0.6768𝑍 +0.1690𝑍 +0.1542𝑍 , where 𝐹 is the total score of urban economy, 
and 𝑍 , 𝑍  and 𝑍  are first principal component, the second principal component and the third 
principal component respectively. Urban economy can be mainly measured by 67.68% of 
dynamic development components, 16.9% of strength promotion components and 15.42% of 
potential components. 

3.5. Conclusion Analysis 
In the whole year of 2020, the ex-factory price of industrial producers in China dropped by 1.8% 
compared with the previous year. Through the analysis of original data, the ex-factory price 
index of industrial producers in Shanghai is the largest, which is 102.1, which has a great 
influence on the total industrial output value and added value of Shanghai. The largest import 
and export volume is in Shanghai, which leads in the total scale of foreign trade. Therefore, 
Shanghai is leading in industry and foreign trade. The largest consumer price index is 
Guangzhou, which is 102.6. In 2020, the national consumer price will increase by 2.5% 
compared with last year, and the increase of CPI is in a reasonable period, among which 
Guangzhou has the highest consumption factor, which is within a reasonable range, so 
Guangzhou is relatively ahead. 
According to the empirical study of 14 cities by principal component analysis, the article draws 
the conclusion that Shanghai and Guangzhou will have a leading economic development in 2020. 
To cushion the impact of the epidemic on the urban economy and improve the economic 
resilience and vitality of the city, we can start from three main aspects: expanding foreign trade, 
promoting industrial development and stimulating urban internal consumption. 
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4. Suggestions 

4.1. Increase Consumption and Promote Economic Development 
In the post-epidemic era, stabilizing and expanding residents' consumption, and promoting 
consumption compensation and potential release are important means to effectively cushion 
the impact of the epidemic on urban economy and boost it. Consumption drives economic 
development, and achieving a steady and increasing consumption level will greatly promote 
economic development. With the development of network, the consumption situation has 
become more and more diverse, and more and more people have paid attention to and chosen 
it. During the epidemic period, residents' demand for online consumption has further increased. 
Consumers prefer online entertainment, online shopping and other consumption patterns. 
Using the development of the network to improve people's consumption level is an important 
means to improve consumption and promote economic development. In addition, using the 
network can also increase the publicity of products and services such as cultural travel, which 
can accumulate a good impression in people's minds and gain potential consumption sources. 

4.2. Develop Digital Trade and Promote Trade Development 
Enhancing the city's economic vitality and developing foreign trade play an important role in 
promoting the city's even domestic economy. In 2020, Shanghai's total import and export trade 
will be far ahead, which will promote Shanghai's economic development. It is very important to 
give full play to the potential of foreign trade, expand the foreign trade market and broaden the 
foreign trade routes. China participates in the construction of "the belt and road initiative" and 
has trade cooperation with many countries. Some cities in China should, on the existing basis, 
to deepen the cooperation with foreign countries in foreign trade, major cities should firmly 
seize the opportunity, become a strong trade city and build China into a strong trade country. 
They must enhance the competitiveness of service trade, develop digital trade, develop digital 
economy, increase the opening up, and broaden the field of market cooperation between China 
and foreign countries in various fields. 

4.3. Promote Industrial Development and Strengthen its Strength 
In the post-epidemic era, it is very important to improve the city's economic resilience and 
strengthen its economic strength. Industry is the main body of the national economy, the key 
to prospering and strengthening the province, and the industrial development of major cities 
can provide a solid financial guarantee for the city's economic development. Under the 
epidemic situation, the stable recovery of industrial economy is not strong enough. Major cities 
should implement measures to promote industrial development, increase assistance to 
industrial enterprises, adjust industrial structure, optimize and improve market environment, 
realize reasonable industrial layout, set reasonable development goals, speed up innovation 
and industrial informatization, promote industrial development and strengthen urban 
economic strength. 
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