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Abstract  

Using the quarterly and monthly data of ten representative cities in China from 
December 2000 to June 2021, this thesis describes the impact of COVID-19 on the 
urban economy, import and export, and quantifies the impact degree by panel data 
regression analysis. To explore the relationship between the impact of the COVID-19 
pandemic and urban categories, we distinguished different types of cities. The results 
show that COVID-19 has the most profound impact on coastal towns, followed by 
megacities. It is mainly due to the excessive dependence of coastal towns on import 
and export trade. We also understand the lagging effect of the pandemic on the 
economy by adding dummy variables representing the SARS pandemic. Facts have 
proved that while formulating related policies, the government has to consider the 
lagging effects of the impact of the pandemic on the economy. 
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Abstrakt  
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2000 do června 2021 tato práce popisuje dopad COVID-19 na městskou ekonomiku, 
dovoz a vývoz a kvantifikuje míru dopadu za použitípanelové regrese. K prozkoumání 
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Výsledky ukazují, že pandemie COVID-19 má různé ekonomické dopady na různé 
typy měst, s nejvýznamnějším dopadem na pobřežní města, následovanémegaměsty. 
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Proposed Topic: 
The Economic Impact of the COVID-19 Pandemic in Chinese Cities: What Can 
We Learn from the SARS Pandemic 

Motivtion: 
During the Spring Festival of 2020, the COVID-19 pneumonia epidemic broke 

out suddenly and spread quickly to all parts of China. In order to effectively control 
the spread of the epidemic, various regions in China have successively introduced 
prevention and control measures, such as restrictions on traffic and personnel travel, 
closed community management, extension of the Spring Festival holiday, 
postponement of resumption of work and postponement of school opening. At 
present, the COVID-19 epidemic has been basically controlled in China. However, 
China's efforts to control the epidemic by bringing the economy to a near standstill 
will certainly have an impact on the economy of various cities. Therefore, it is 
necessary for us to evaluate the economic impact of this epidemic in order to adopt 
effective countermeasures to minimize the negative impact of the epidemic on 
economic development. 
 

At the beginning of 2003, China had an outbreak of SARS and successfully 
defeated it in seven months. There are many similarities between SARS and COVID-
19, such as latent period, high fever and so on. All these indicate that the way of 
dealing with SARS in the past will have great reference significance, both in medical 
and economic aspects. In the past decades of SARS, institutions and experts at home 
and abroad studied the economic impact of SARS on cities. Gang Fan (2006), who 
is the director of Beijing Institute of national economy, pointed out that the impact 
of SARS on urban economic growth isn’t too great, ranging from 0.1 % to 0.5 % in 
2006. Nevertheless, catering and entertainment industry, retail industry, 
transportation industry etc. are much more affected by the epidemic than other 
industries in cities. (China First Financial Daily, 2020). 
 

In the thesis on the impact of SARS on the economy of Chinese cities, most 
economists come up with a similar view; that is, the emergence of the epidemic will 
only have a temporary impact on some industries in the city (Donglai Zhang, 2017). 
However, after the epidemic, the development momentum of these industries will be 
more fierce (Xiang Zhao, 2020). Combined with the characteristics of SARS, China's 
policy is to play a good combination. In the short term, a series of supportive 
measures should be taken to ensure that the urban economy does not decline too fast. 
In the long run, we should vigorously promote urban reform and development, 
activate the source of high-quality economic development through continuous 
institutional innovation, and continuously improve the potential economic growth 
rate (Haifeng Zhang, 2020). 
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This master's thesis mainly aims to apply the relevant knowledge of urban 

economics, combined with current events, through the analysis of the epidemic 
situation of COVID-19 during the Spring Festival in 2020, and compares and 
integrates the relevant data. The possible economic impact of COVID-19 pneumonia 
will be predicted. According to the current research, from the macro level, the 
epidemic will directly affect the consumption of Chinese cities, enterprise 
investment activities, employment, products and services exports. If no 
corresponding stimulus measures are taken, the economic growth rate of some cities 
in China may drop by at least 1 percentage point in 2020, industries seriously 
affected by the epidemic include catering, retail and transportation (Haifeng 
Zhang,2020). According to the impact of the epidemic, combined with the observed 
development of China's urban economy after the SARS epidemic, this thesis will 
also put forward relevant policy recommendations. 

Hypotheses: 
1. Hypothesis #1: The COVID-19 epidemic has a different scale impact on the 

economy of various types of cities in China. Cities with a high proportion of 
industries in GDP are more negatively affected by the epidemic than other cities. 
 

2. Hypothesis #2: The COVID-19 epidemic situation has a great negative impact 
on the import of China's megacities and coastal cities, but little impact on the 
inland cities. Hence, the economic growth of local economics that rely on 
international trade will be more negatively affected by the epidemic. 

 

Methodology: 
We will select 10 representative cities in China for research. Other cities could 

be added if data were available. They are divided into three categories: 
 

1. Megacities in China: Beijing, Shanghai and Shenzhen 
This type of city is characterized by rapid economic development, high state 

support. Its economy is highly related to the international economy, its import 
and export trade and investment are relatively large, and international movement 
of people is relatively large. Compared with other cities, the economy of this 
type of city cluster will be more severely affected by the COVID-19 epidemic. 

 
2. Coastal cities in China: Qingdao, Tianjin and Xiamen 

Such cities depend on port trade because of their coastal areas, and are greatly 
affected by imports and exports. The difference between the COVID-19 
epidemic and the SARS epidemic in terms of import and export trade can be 
presented and distinguished in these cities. 

 
3. Inland cities in China: Wuhan, Chengdu, Jinan and Harbin 

The characteristics of such cities are that they are inland and relatively weak 
in import and export trade, and these four cities are all provincial capitals, which 
can represent the center of a province. Wuhan is also the epicenter of the 
COVID-19 pneumonia epidemic, which has the most intuitive data can be used 
to analyze the economic impact of the epidemic. 

 
We will use the panel data of these three types of cities in 21 years (12.2000-

06.2021) to build the model. We divide the data of these 20 years into three 
stages. We can also make an overall analysis through these three times stages.  
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  The first stage is from 12.2000 to 12.2004, when the SARS epidemic has just 
ended and major cities are recovering; the second stage is from 01.2005 to 
12.2018, which is a period of rapid development of major industries in urban 
economy; and the third stage is from 01.2019 to 06.2021. This stage is affected 
by the COVID-19 epidemic, and various industries in various cities are more or 
less impacted. Affected by the epidemic situation, the city's economy began to 
decline. By dividing the time into three stages, we can better segment the 
economic impact on different types of cities before and after the outbreak. At 
the same time, as both SARS and COVID-19 have great impact on urban tertiary 
industry, we will focus on the impact of the epidemic on urban tertiary industry. 

 
The tertiary industry of the city is the service industry, including catering, 

transportation and retail industries. In the selected cities, the proportion of 
tertiary industry in GDP is: Beijing (79.65%), Shanghai (67.76%), Shenzhen 
(58.78%), Qingdao (52.79%), Tianjin (52.15%), Xiamen (55.71%), Wuhan 
(51.02%), Chengdu (52.81%), Jinan (57.18%), Harbin (55.92%) (as of July 
2018). The tertiary industry of the selected 10 cities all accounts for more than 
50% of GDP, so it is very important for the development of urban economy. 
Therefore, the impact of epidemic situation on the tertiary industry will 
inevitably lead to the reduction of urban economy. 
 

In terms of data processing, data will be used quarterly when studying the 
impact of COVID-19 epidemic on urban economy; When studying the impact 
of covid-19 epidemic on import and export, data will be used monthly, in order 
to ensure the quantity and quality of data. In terms of data, the classification 
average is used to process the data, that is, the average is used to process the 
data in each type of city set, so as to represent each city as much as possible. 

 
For hypothesis#1, we will study the relationship between urban GDP and the 

pandemic itself. In other words, how the pandemic affects urban GDP. Under 
this model, we use GDP growth rate as the dependent variable, and analyze the 
impact of the epidemic on the city as an independent variable to estimate the 
continued impact of the epidemic.  
 

In this model, I will verify the relationship between urban GDP and the 
epidemic itself. Under this model, we use the growth rate of urban GDP as the 
dependent variable, and analyze the impact of the epidemic on the city as an 
independent variable to estimate the continued impact of the epidemic. We use 
𝐼𝐼𝑘𝑘𝑖𝑖,𝑡𝑡
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡

 to represent the proportion of industry k in city i in city i’s GDP in period 

t. We will add Dummy 𝑑𝑑1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 to represent the dummy variable for the first 
quarter. If it is the first quarter, it equals to 1 and otherwise it equals to 0. We 
use the current cases per 100,000 people to represent the impact of the epidemic 
on the city, and denoted by 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠 . We will add  𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠  to 
represent the average value of stringency index of city i in period t. We will add 
𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  to represent the dummy variable of SARS, if SARS outbroke in this 
period (12.2002-07.2003), it equals to 1, and otherwise it equals to 0.  
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ln
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−1

= 𝛽𝛽0 + 𝛽𝛽1𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−1 + �𝛼𝛼𝑘𝑘

3

𝑘𝑘=1

∗

𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−1
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−1

+
𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−2
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−2

+
𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−3
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−3

+
𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−4
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−4

4
+ 𝛽𝛽2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠

+ 𝛽𝛽3𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−1 + +𝛽𝛽4𝑑𝑑1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝛽𝛽5𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝛽𝛽6𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠
+ 𝛽𝛽7𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−1 + 𝜐𝜐𝑖𝑖 + 𝜑𝜑𝑠𝑠 + 𝜀𝜀𝑖𝑖,𝑠𝑠 

Regarding Hypothesis 2, the location of the three types of cities is different. 
The first type of city is a national megalopolis with prosperous economy and 
strong population mobility. Investment and import and export will not change 
due to its location. Therefore, the impact of the epidemic will not only affect the 
import and export of such cities, but also the corresponding investment. 
However, such cities can make up for part of them through other industries, so 
the impact is less than in coastal cities. The second type of city is coastal city, 
the urban economy is more dependent on import and export and port trade, and 
it is a typical export-oriented economy. For example, from January to September 
2016, the total import and export volume of Shandong Province was 110 billion, 
of which Qingdao was more than 300 billion, accounting for almost one third, 
while Jinan, the capital of Shandong Province, only had more than 50 billion in 
imports and exports. In 2019, Dalian's total imports and exports to countries 
along the Belt and Road accounted for 34.9% of its GDP. Therefore, the impact 
of the epidemic will greatly affect the economic development of these cities, and 
then affect the urban economy. For the third type of cities, inland cities, due to 
their geographical location, the import and export trade is not very developed, 
and the city's economy is not much dependent on the economic growth brought 
about by the import and export trade. Based on this, I will build import and 
export model to verify the impact of import and export on urban GDP proposed 
in Hypothesis 2. 

 
In this model, I will verify the relationship between imports and exports and 

the epidemic itself, that is, how epidemics affect imports and exports. Under this 
model, we use the year-on-year growth rate of import and export as the 
dependent variable, and analyze the impact of the epidemic on the city as an 
independent variable to estimate the continued impact of the epidemic. We use 
the current cases per 100,000 people to represent the impact of the epidemic on 
the city, and denoted by 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠. We will add  𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠 to represent the 
average value of stringency index of city i in period t. We will add 𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 to 
represent the dummy variable of SARS, if SARS outbroke in this period 
(12.2002-07.2003), it equals to 1, and otherwise it equals to 0.  

ln
𝑌𝑌𝑖𝑖,𝑠𝑠

𝑌𝑌𝑖𝑖,𝑠𝑠−12
= 𝛽𝛽0 + 𝛽𝛽1𝑌𝑌𝑖𝑖,𝑠𝑠−12 + 𝛽𝛽2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠

+ 𝛽𝛽3
(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−1 + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−2 + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−3)

3
+ 𝛽𝛽4𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠

+ 𝛽𝛽5
(𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−1 + 𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−2 + 𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−3)

3
+ 𝛽𝛽6𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝜐𝜐𝑖𝑖 + 𝜑𝜑𝑠𝑠 + 𝜀𝜀𝑖𝑖,𝑠𝑠 
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Several methodological approaches of panel-data estimation will be considered 
(such as FEM, REM, LSDV, GLS, GMM) and the most suitable approach will be 
chosen. 

Expected Contribution: 
The current COVID-19 epidemic has had a negative impact on the economy of 

major cities in the world. Even though China has the experience in dealing with 
SARS, it is still unable to avoid the fate of economic weakening. The expected 
contribution of this master's thesis is to analyze the economic impact of the 
development of the epidemic on the main industries of the city based on the 
previous experience in dealing with the SARS epidemic, and put forward economic 
measures to better deal with the COVID-19 epidemic. According to different types 
of cities and different industries, more suitable economic measures are put forward 
in order to accelerate economic recovery after the end of the epidemic. 

 

Outline: 
1. Motivation: China's economic recovery after the SARS epidemic and its 

impact on specific urban industries (such as accommodation and catering, 
transportation, and retail) are used to predict the impact of the new crown 
pneumonia epidemic on the urban economy. On this basis, relevant policy 
recommendations will be put forward. 

 
2. Analysis of urban economy before and after SARS: We will briefly introduce 

SARS and analyze the similarities and differences between COVID-19 and 
it, we divide the year 2000-2020 into three periods (2000-2004,2005-
2018,2019-2020), to analyze the reasons and corresponding measures for the 
recovery of urban economy to prosperity after SARS in China before 
2018,and then analyzes the impact of COVID-19 on the current urban 
economy, and puts forward reasonable countermeasures and suggestions. 

 
3. Data: We will list the data sources used in the analysis (National Bureau of 

statistics, statistical yearbooks of provinces and cities, etc.) and provide 
descriptive statistics. 

 
4. Methods: I will consider the following methods of estimation: FEM, REM, 

LSDV, GLS, GMM, and finally choose the most suitable method according to 
the needs. 

 
5. Results: We will discuss the impact of various industries affected by the impact 

of the epidemic on urban GDP, and analyze the different impacts of different 
industries on different types. 

 
6.  Concluding remarks: We will summarize our findings and their implications for 

policy and future research. 
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1 Introduction  

COVID-19 pandemic was first discovered in Wuhan, China in December 2019, and 
then quickly spread to the world. Almost all countries have been impacted by the 
COVID-19 pandemic, therefore, the COVID-19 pandemic can be regarded as one of 
the important historical events that have a serious impact on the world. Although the 
medical technology and scientific and technological level of countries are developing, 
it still damages people's health and has a serious negative impact on the overall 
economy and living standards of all countries. In the face of the unprecedented impact 
of the COVID-19 pandemic, scholars and experts from various countries have put 
forward many key questions, which are very representative. Hence, we should try our 
best to answer them, so that we can learn from the past and avoid future risks. For 
example, what is the most effective national response to such pandemics? What are the 
impacts of such pandemics on the economic and social life of countries? Which 
industries will be more adversely impacted by the pandemic? What measures should 
countries take to stabilize their economies? In this thesis, we selected China's ten 
representative cities, combined China's economic impact on the SARS pandemic, and 
answered these questions from the perspective of economics. 

The objective of this thesis is to explore how the COVID-19 pandemic has affected 
the economy, import and export of Chinese cities. Then further study the different 
effects on different types of cities. The purpose is to observe how changes in selected 
indicators representing the intensity of the COVID-19 pandemic affect the selected 
economic and social indicators of each city during the selected COVID-19 pandemic. 
We selected the study period from December 2000 to June 2021, of which January 
2020 to June 2021 was the selected COVID-19 pandemic period. There are two reasons 
for this choice. First, we can see the economic and import/export trends of various 
cities before the COVID-19 pandemic, and then more accurately judge the impact of 
the COVID-19 pandemic on the city's economy. Second, the selected research period 
also includes the whole period of the SARS pandemic from start to end (December 
2002 to July 2003), which can better estimate and summarize the impact of the 
COVID-19 pandemic by comparing and drawing lessons from the impact of the SARS 
pandemic on the economy. 

Our motivation is to study the impact of the pandemic to clarify what measures the 
government should take to stabilize and revitalize the economy in the context of the 
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global COVID-19 pandemic. Since the research on the COVID-19 pandemic is less 
than two years, there is less information on how countries or Chinese cities respond to 
such pandemics. Therefore, we need to combine the measures taken in the SARS 
pandemic. We also hope to quantify and compare the measures taken by various cities 
in China to obtain relatively appropriate information about responding to such crises. 

The structure of the thesis is as follows: the second chapter summarizes the current 
knowledge of COVID-19 pandemic and its consequences. It also introduces the impact 
of SARS pandemic on the economy and the results of the measures taken. The third 
chapter introduces the data used for analysis in this thesis, as well as the fourth chapter 
introduces the statistical and econometric methods applied to the data. The fifth chapter 
introduces the empirical results. The influence of each index on dependent variables is 
explained in detail, and our findings are described. The sixth chapter summarizes the 
final results and puts forward the corresponding policy suggestions. The main finding 
is that there is a serious lag effect in the epidemic's impact on the economy, import and 
export, and the lag effect of any epidemic prevention measures also needs to be 
considered. Although the epidemic will hurt the economy, it is not absolute. To a 
certain extent, the epidemic's severity in the previous stage will promote the current 
economic development. It may be because the state has increased its support and 
investment in areas with a problematic epidemic situation. The increase of epidemic 
situation reports in this area has attracted more attention to the city, thus promoting the 
future development of tourism and other tertiary industries in this area. We also found 
that the COVID-19 pandemic has different economic effects on different types of 
cities, with the most significant impact on coastal towns, followed by megacities. The 
main reason is the excessive dependence of coastal cities on import and export trade. 
Therefore, when taking corresponding measures, the government should also analyze 
them with specific urban types. 
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2 Literature Review 

This section will introduce the emergence of SARS and COVID-19 and the impact 
of epidemics on national and urban economies studied in domestic and international 
literature. 

2.1 SARS epidemic and its impact on Chinese economy 

In December 2002, severe acute respiratory syndrome (SARS) broke out in Foshan 
City, Guangdong Province, China. Then it spread rapidly in China, Southeast Asia, and 
around the world. According to statistics, the cases in China and other countries peaked 
in the second quarter of 2003 (Beutels et al., 2008). Fortunately, from July 13, 2003 (8 
months after the first case), the number of SARS patients and suspected cases in the 
world is no longer increasing, and the SARS epidemic is almost over. 

The outbreak of SARS undoubtedly had a severe negative impact on the Chinese 
national economy (Figure 1). After the outbreak of SARS, many economists at home 
and abroad analyzed the effects of SARS on the national economy and city economy 
and what measures should be taken by the state and the government to reduce the harm 
of SARS to the national economy and city economy.  

The impact of SARS on China's economy was the impact of aggregate demand, not 
aggregate supply. In other words, SARS only affected demand, not long-term 
aggregate supply. SARS broke out in the period of stable economic growth in China, 
not in the economic depression. Since the moderately tight macro-control policy was 
implemented in 1993, China's economic growth had decreased year by year, and the 
growth rate of GDP had reduced from 13.5% in 1993 to 7.1% in 1999. After nearly 
three years of economic restructuring, the GDP growth rates in 2000, 2001, and 2002 
were 8%, 7.3%, and 8%, respectively. Whether the GDP growth rate came from the 
consumer confidence index, investment confidence index, or the actual growth rate of 
consumption, investment, and net exports, it could be judged that China's economy  
entered the stage of real recovery in 2003. Therefore, it could be said that the SARS 
epidemic impacted China's strong economic growth. As the demand shock occurred 
during China's robust economic recovery, it did not make China's economy fall into a 
trough again. Therefore, the impact of SARS on China's economy led to deflation, put 
enterprises in trouble in the short term, and quickly changed the actual economic 
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trajectory. However, it did not affect the long-term economic growth trajectory (Jia, 
2003). 

 

Source: National Bureau of Statistics 

Figure 1. Year-on-year growth rate of China’s real GDP from December 2001 to 
December 2005 

Under the influence of SARS, the pace of gradual expansion of consumer demand 
has slowed down significantly (Figure 2). In terms of retail, in the first quarter of 2003, 
the total retail sales of social consumer goods in China increased by 9.2% over the 
previous quarter, while in the second quarter, it increased by only 4.3%. In terms of the 
catering industry, from the end of April to the beginning of May 2003, the commercial 
and catering industries shrank significantly. At the same time, in the transportation 
industry, the decline in the number of tourists has caused severe losses to the 
transportation industry, and the civil aviation industry has also suffered huge losses 
(Ma, 2003). 
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Source: National Bureau of Statistics 

Figure 2. Year-on-year growth rate of added value in various industries from December 2001 to December 2005 

 

The SARS epidemic also had a severe impact on imports and exports (Figure 3). In 
May 2003, although the growth rate of imports and exports was relatively high, 
compared with April 2003, the growth rate of imports and exports dropped by 2.8%. 
The impact on areas where the epidemic was severe was even more pronounced than 
in other areas. In May 2003, the import and export levels of Beijing, Tianjin, Hebei 
Province, and Guangdong Province were all lower than expected. Among them, the 
value-added in imports and exports of Beijing and Tianjin declined for two consecutive 
months, and the proportion of the value-added in Hebei and Guangdong provinces in 
May 2003 in the cumulative value of January to May decreased by 1% and 0.8%, 
respectively (Ma, 2003). 
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Source: General Administration of Customs 

Figure 3. Year-on-year growth rate of real import and real export from December 2001 to December 2004 

It is concluded that the overall impact of SARS on China's economy was only 
apparent when the growth slowed in the third quarter of 2003, and this impact gradually 
disappeared within a year. Leisure and foodservice industries, local and international 
transportation, and tourism were affected in the third quarter of 2003. After the crisis 
subsided, they rebounded rapidly in the fourth quarter of 2003. SARS had a significant 
impact on retail, catering, and transportation. Studies have shown that the delay of the 
first impact of SARS on related indicators may be short (1 day to 1 month), but the 
longer the subsequent delay, the greater the effect. (Beutels et al., 2008). 

Under the epidemic model, there is a "rebound" effect 1 (M. R. Keogh-Brown, 
personal communication). After the epidemic is over, the country or government can 
effectively reduce the impact of the lag effect through effective consumption stimulus 
policies and expanded fiscal policies. However, this type of policy was more suitable 
for SARS epidemic that lasted not long. But for COVID-19 epidemics, the situation 
may be different. The long-term impact of COVID-19 will be more serious, and it will 
take more time to restore the economy. 

 
1 "Rebound" effect: In some cases, once the epidemic is over, the economic activities that were lost during the 

epidemic are expected to resume. 
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2.2 COVID-19 epidemic and its impact on Chinese 
economy 

2.2.1 Evolution of the COVID-19 epidemic 
A COVID-19 pneumonia outbreak in China has erupted in the world since the end 

of 2019. Since December 2019, many unexplained pneumonia cases have been found 
in some hospitals in Wuhan, Hubei Province, with a history of exposure to the seafood 
market in South China. On December 31, 2019, the Wuhan Health Commission of 
Hubei Province announced 27 cases of South China Seafood Market-related 
pneumonia for the first time. On January 11, 2020, a COVID-19 pneumonia death 
occurred in Wuhan (Xu, 2020). The cumulative number of confirmed cases in Hubei 
Province experienced slow growth to exponential growth in the following days. 
Among them, the number of confirmed cases in Wuhan has undergone several key 
stages. From January 19 to 20, it exceeded 100, and from January 27 to 28, it surpassed 
1,000. The slow growth in the number of early diagnoses is due to the lack of diagnostic 
capacity, but more importantly, the epidemic has not been paid attention to (Netease 
News, 2020). In the early morning of January 23, 2020, Wuhan municipal government 
announced the closure of the city. Subsequently, the remaining 12 municipalities in 
Hubei were closed, but the epidemic has spread all over China. 

On January 29, 2020, the COVID-19 test kit was put in use urgently. Through the 
detection of professional kits, the confirmed cases of COVID-19 increased explosively. 
To cope with the sudden increase in the number of infected people under the COVID-
19 pandemic, Wuhan has successively established Leishen Mountain hospital and 
Huoshen Mountain hospital. On January 26 and 27, 2020, the Chinese government 
successively issued a notice to extend the Spring Festival holiday and spring semester 
in 2020. On January 29, 2020, Tibet announced the first confirmed case, marking that 
all COVID-19 confirmed instances have appeared in 31 provinces (autonomous 
regions and municipalities directly under the central government) in China. 

On January 30, 2020, the World Health Organization listed the COVID-19 epidemic 
as an international public health emergency. On March 11, 2020, World Health 
Organization director-general Tedros announced that according to the assessment, the 
World Health Organization believes that the current COVID-19 epidemic can be called 
a global pandemic. Since then, countries in Europe, Asia, the Americas, Africa, and 
Oceania have reported cases of COVID-19. In other words, the COVID-19 epidemic 
has spread all over the world. 
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On March 25, 2020, areas outside of Wuhan lifted the control of the passage from 
Hubei. On April 8, 2020, Wuhan officially canceled the control measures of leaving 
Wuhan channels. After 76 days of fighting against the COVID-19 virus, Wuhan 
restarted formally. Since then, China has entered a new stage of "strictly prevent the 
import of viruses from abroad" and "returning to work and production." (Figure 4) 

 

Source: https://github.com/ 

Figure 4. Confirmed cases in Hubei from 22.01.2020 to 30.09.2021 

As of now (November 10, 2021), the cumulative number of people diagnosed with 
COVID-19 in China is 126,836, the cumulative number of deaths is 5,697, and the 
cumulative number of people cured is 117,934. The cure rate was 92.981%, the 
mortality rate was 4.492%, and the total number of infected people accounted for 
0.906% of the Chinese population. The cumulative number of confirmed cases in 
Hubei Province is 68,309, the cumulative death toll is 4,512, and the cumulative 
number of cured is 63,793. The total number of infections in Hubei Province accounts 
for 53.856% of China's total number of conditions. The cure rate in Hubei Province is 
93.389%, and the mortality rate is 6.605%. Since April 2020, the number of people 
infected in China has been showing a moderate growth trend. The epidemic has only 
concentrated in a few cities, and it has not caused a new round of outbreaks across 
China.  

Currently, China is taking the following measures to prevent another episode of the 
COVID-19 epidemic. First, strengthen airport personnel testing and adopt centralized 
quarantine for entry personnel. Second, support the monitoring and testing of cold 
chain foods. Finally, once an epidemic occurs in a specific place, respond quickly and 
take all-person testing to prevent the spread of the virus. 
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In February 2020, the COVID-19 epidemic started in Italy and then broke out in 
Europe for the rest of the world. Subsequently, COVID-19 cases were reported in the 
United States, Canada, Brazil, and other countries. With the strengthening of epidemic 
prevention and control measures in various countries, by the summer of 2020, the 
epidemic development in Europe will tend to ease, and various deregulation measures 
will appear one after another. In September 2020, a more COVID-19 severe epidemic 
broke out in Europe than the first wave. At the same time, the number of cases in the 
United States remains high, ranking first in the world. Countries such as India and 
Brazil followed closely in the number of cases reported. The global COVID-19 
infection rate is undoubtedly rising rapidly in autumn and winter. 

At present, the total number of confirmed cases in the world (Figure 5) is 
250,154,972, the total number of deaths is 5,074,832, and the mortality rate is 2.03%. 
The United States and India are the top two countries globally with cumulative 
confirmed cases, accounting for 18.66% and 13.74% of the world's cumulative 
confirmed cases, respectively (WHO, 2021). 

 

Source: WHO COVID-19 Explorer (shinyapps.io) 

Figure 5. Confirmed cases in the world 

2.2.2 Economic impact of the COVID-19 epidemic 
COVID-19 pandemic and SARS pandemic have different effects on Chinese 

economy. First, the international background is different. Compared with the SARS 
epidemic, the global environment of the COVID-19 outbreak is even more severe. 
SARS pandemic occurred in China's economic recovery stage, while the COVID-19 
pandemic co-occurred accompanied by intensified Sino-US trade friction. The impact 
of the SARS epidemic did not spread to the whole world, however, now all countries 
in the world are affected by the COVID-19 epidemic. The COVID-19 epidemic in other 

https://worldhealthorg.shinyapps.io/covid/
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parts of the world has also severely hit China's trade. Second, the impact on the tertiary 
industry is different. The severe SARS period was from April to May 2003. The peak 
of the COVID-19 epidemic occurs at the top of consumption in the Spring Festival, 
which has the most significant impact on the tertiary industry. China's tertiary sector 
now accounts for 54% of GDP, up from 42% in 2003. Therefore, the immediate effect 
of COVID-19 epidemic on GDP will be more significant. Thirdly, the macro policy 
space is different. At present, China's economy is facing structural transformation, 
economic growth continues to decline, corporate debt and local debt remain high, the 
Chinese Yuan is facing devaluation pressure, and the fiscal deficit has risen compared 
to 2003, which restricts the space for fiscal and monetary policy to be implemented. 
Finally, since China is the first country to report the outbreak, it will have a chain effect 
on China's economy in terms of import and export, investment, and international 
exchanges. As other countries that trade with China are struggling with the epidemic 
throughout 2020, the impact on global trade will be more far-reaching. (China business 
daily, 2020) 

However, there are also many similarities between the COVID-19 epidemic and the 
SARS epidemic. For example, both are highly contagious and have a certain incubation 
period. Therefore, in controlling the COVID-19 epidemic, China still adopts the same 
method as during the SARS epidemic, that is, to prevent the development of the 
outbreak with the most traditional forms of isolation and reduce the movement of 
people. Therefore, by summarizing the impact of the epidemic on the economy during 
the SARS epidemic, we can analyze the effect of the COVID-19 epidemic on the urban 
economy more specifically. And combined with the relevant policies for economic 
recovery after the end of SARS, it can be predicted and proposed what measures should 
be taken to restore the economy after the COVID-19 epidemic. 

The COVID-19 epidemic has a severe negative impact on China's GDP. To cope 
with the effects of the COVID-19 outbreak, the Chinese government implemented a 
large-scale shutdown, which led to insufficient supply on the supply side and impacted 
the standard supply chain, thus reducing production efficiency. The most critical and 
effective measure to prevent and control the epidemic of the disease is to isolate the 
population to avoid or reduce population movement and gathering, many residents lost 
their economic resources because of the suspension of production and work, reduced 
their savings, and reduced their subjective willingness to consume. The pandemic has 
impacted the expectations of investors and consumers for the future, resulting in the 
continuous downturn of the stock market. (Zhuo, 2020) 
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Research shows that the COVID-19 epidemic has affected China's consumer 
demand and export investment. According to the experience of SARS, it is 
preliminarily judged that the COVID-19 epidemic would seriously curb the growth of 
consumer demand, especially in the first quarter of 2020. It is more similar to the SARS 
period. (Zhao,2020). The outbreak of COVID-19 coincided with the Chinese Lunar 
New Year, and many enterprises preloaded many new year materials. Therefore, the 
COVID-19 pandemic has also increased the backlog of goods and the difficulty of 
corporate capital turnover. However, it is gratifying that compared with the SARS 
epidemic in 2003, e-commerce has played a vital role in China's consumption and 
circulation. E-commerce shopping consumption accounts for about 25% of the total 
retail sales of goods in China, which helped alleviate the epidemic's impact on 
household consumption to a great extent. Therefore, the negative effects of COVID-19 
on consumer demand may be more manifested in the service industry that is highly 
dependent on human mobility. Due to the particularity of the time node of the COVID-
19 pandemic outbreak, this negative impact would be further amplified. (Zhao,2020). 

Compared with the GDP in the fourth quarter of 2002, the GDP in the first quarter 
of 2003 increased by 13.43%, but the GDP in the second quarter of 2003 decreased by 
11.45% and the growth rate decreased by about 2%. From the whole year, returning to 
normal level, the impact of SARS epidemic on GDP in 2003 was about 0.5% (Zhang 
Haifeng, 2020). Unlike the impact of the SARS pandemic on GDP, the effect of the 
COVID-19 epidemic on China's economic growth in 2020 was more profound. The 
current outbreak led to a more significant economic downturn. At present, China's 
economy is in the transition stage from high-speed growth to high-quality 
development. The transformation of old and new driving forces of economic 
development has not been completed. The economic growth rate is about 6%, well 
below the level in 2003. The current epidemic might weaken the momentum of 
economic growth to a great extent. In addition, compared with SARS, the COVID-19 
epidemic has spread worldwide, seriously affecting the development of the import and 
export industry. 

At the same time, China's economic structure has also undergone significant 
changes, the proportion of the tertiary industry has increased significantly, and the 
contribution of consumption to the economy is dominant. The SARS pandemic showed 
that the epidemic had the most significant impact on consumption and service 
industries, and the recovery time was longer. In 2003, China's economy was dominated 
by the secondary industry, accounting for 45.6%, while the tertiary industry accounted 
for 42%. In 2019, the tertiary industry became the absolute leader of the economy, 
accounting for 53.9%, 11.9% higher than that in 2003. From the perspective of demand 
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structure, at present, consumption plays a leading role in China's economy. In 2019, 
the pull of final consumption expenditure on the economy reached 57.8%, 22.4% 
higher than in 2003. During the COVID-19 pandemic, due to the extension of holidays 
in many places and the significant reduction of people going out to avoid infection, the 
transportation, catering, tourism, and entertainment industries suffered severe losses, 
and the growth rate of the service industry and consumer industry slowed down 
significantly. (KPMG, 2020).  The World Health Organization (WHO) has identified 
the COVID-19 epidemic as an international public health emergency. Although it did 
not recommend the implementation of travel and trade restrictions, the export of 
Chinese goods and services was still affected to a certain extent. Especially in the 
context of the current Sino-US trade frictions, as the epidemic escalates into an 
international public health incident, some countries have raised the barriers to entry for 
goods and services from China. From the impact of SARS on imports and exports in 
2003, the effects of COVID-19 on imports and exports can be preliminarily predicted. 
In 2003, the impact of SARS on exports was far more significant than that on imports. 
However, since China had just joined the WTO for two years at that time, China's 
import and export trade still maintained a growth of more than 30% in 2003 (Zhang, 
2020). 

China's major domestic industries under the COVID-19 epidemic have been more 
severely affected than foreign trade import and export. The primary industries in China 
include catering, transportation, retail, tourism, entertainment, etc. Taking the catering 
industry as an example, restaurants have closed their stores on a large scale due to the 
urgency and severity of the COVID-19 epidemic. Some local governments have issued 
mandatory regulations on the suspension of operations in the catering industry. It led 
to dismal revenues in the catering industry and a "bottleneck effect." Although the 
COVID-19 epidemic has been effectively controlled across China, the catering 
industry has been hit hard during the Spring Festival, which should be the peak 
consumption season. The catering industry urgently needs to turn losses into profits 
(Zhu, 2020). 

To investigate the COVID-19 epidemic impact on the catering industry, the 
Northeast Forestry University School of economics and management adopted online 
questionnaires to conduct surveys and statistics. Through investigation and research, it 
is concluded that the impact of the COVID-19 epidemic on the catering industry is 
mainly concentrated in the following four aspects. First of all, restaurants are closed, 
and the operating cost is very high. Second, after the epidemic, the catering industry 
oversupplied, and the market stability was poor. Third, consumers pay more attention 
to food safety elements and prefer a healthy diet. Fourth, the income of the catering 
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industry has decreased significantly, and the financing of catering enterprises is 
complex, resulting in a shortage of funds (Zhu and Liu, 2020). 

Not only the catering industry but also the retail industry has been seriously affected 
by the COVID-19 epidemic. Different retail industries are affected by the outbreak, 
and some formats even show a growth trend. Individual retail companies have suffered 
heavy losses, but e-commerce, supermarkets, and home services have more 
development opportunities. Department stores and shopping centers are mainly 
responsible for supplying cosmetics, clothing, gold, silver and jewelry and other non-
daily necessities. These products are greatly affected by the restrictions of the 
epidemic, so the loss is noticeable.  Supermarkets, convenience stores and 
communities are mainly engaged in fresh agricultural products, including grain and oil, 
food, daily necessities, tobacco, alcohol, and beverages. Due to the primary living 
security of residents, they are less limited by the epidemic situation. During the 
epidemic period, a large number of consumers stayed at home. Changes in purchasing 
habits and door-to-door services provided by e-commerce companies continued to 
promote online consumption, and online food consumption increased significantly. For 
example, as an offline livelihood industry, supermarkets can maintain regular 
operations during the epidemic period with the government's support. To reduce going 
out, the planned purchase of residents has increased, and the per capita customer orders 
of supermarkets have increased significantly (Linkshop, 2020). 

The School of Economics of the Ocean University of China has reached the same 
conclusion through model construction. The conclusion is that the impact of the 
COVID-19 attack on the retail industry is short-term, and the retail sector will return 
to normal in the long term. Moreover, during the epidemic, the retail sector performed 
better than other industries. Consumers during the epidemicare more inclined to hoard 
supplies (Wang, 2020). 

As one of the cornerstones of the tertiary industry, the transportation industry is 
essential for social development. Under the COVID-19 epidemic, the transportation 
industry has also been severely affected. The negative impact of epidemic prevention 
and control policies to reduce personnel mobility and travel on the transportation 
industry is the most intuitive. Similar to SARS, the 2003 SARS pandemic restricted 
roads, railways, civil aviation, and water transport to a large extent. The epidemic level 
of COVID-19 is far higher than that of SARS, so the impact of the COVID-19 epidemic 
on traffic exceeds that of SARS in 2003. (Figure 6). 

Different from the catering industry and retail industry, although the COVID-19 
pandemic will affect the development of the transportation industry, the introduction 
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of relevant national policy guidelines and the subjective efforts of operators may reduce 
the adverse impact of the epidemic and make the development of the transportation 
industry close to or reach the expected goal of the whole year. Since highway passenger 
transport services and highway transport services have apparent social benefits, 
governments at all levels have issued relevant policies in the public interest to reduce 
the pandemic's negative impact (Zhou, 2020). 

 

Source: National Bureau of Statistics 

Figure 6. The change trend of the transportation industry 

2.2.3 Specific measures to mitigate the economic impact of COVID-
19 on cities 

Overall, the COVID-19 pandemic has had a considerable negative impact on China's 
macro-economy. We should think about how to stabilize and restore the economy 
while preventing epidemic from both short-term and long-term dimensions. 

Historical experience has proved that the impact of natural disasters on the macro-
economy is usually short-term, and economic development often presents a V-shaped 
trend. Affected by disasters and market sentiment, economic growth usually drops 
sharply in a short time. However, as the disaster is gradually controlled, market 
sentiment gradually stabilizes, and the previously temporarily suppressed demand for 
consumption and investment is released, resulting in an economic rebound. However, 
we must also recognize the significant impact of the outbreak of the epidemic on 
enterprises and individuals within a certain period of time, especially the huge impact 
on small and medium-sized enterprises and low-income families. Therefore, it is 
necessary for the government to take targeted financial and monetary measures to help 
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all walks of life tide over the difficulties. State government should strengthen financial 
support from finance, taxation, and finance to catering, transportation, tourism, and 
other industries, and further expand domestic demand by giving specific tax 
preferences to ensure economic growth. Give full play to the role of the price 
mechanism in promoting competition to further improve resource allocation and 
production efficiency (Zhang, 2020). Government should maintain a prudent and 
relatively loose monetary policy, increase financing support for areas with serious 
epidemic situations and medical and pharmaceutical enterprises, strengthen liquidity 
management, prevent the rupture of enterprise capital chain, and consider supply and 
demand to stimulate national economic growth. In terms of supply, we will support 
and organize all kinds of enterprises in a short time on the premise of strictly 
controlling the requirements for epidemic prevention and control enterprises resume 
work and production. In terms of demand, we should increase support for the poor, pay 
attention to guiding and changing consumers' consumption patterns, and promote the 
early recovery of the national economy (Sun, 2020). 

In the long run, natural disasters bring negative impacts to the economy, but at the 
same time, they often provide opportunities for the development of some new 
economic models and even promote new formats. The COVID-19 pandemic has had a 
big impact on offline services, but it has led to the development of the online economy 
(KPMG, 2020). For example, affected by the COVID-19 pandemic, shopping malls, 
physical stores, cinemas, catering, tourism, offline training, and other industries have 
suffered heavy losses, while e-commerce, short videos, games, knowledge payment, 
online education, and other industries have some pportunities to show. Many 
enterprises encourage remote office work, and many schools implement remote 
education, which will promote the development of remote collaboration and mobile 
office platforms and software, doing work and learning no longer subject to the 
constraints of geographic space. At the same time, it will also drive the development 
of home office furniture, home entertainment equipment industry. In addition, the 
epidemic will further enhance the public's consumption concept, pay more attention to 
food safety, and bring new development opportunities for various distribution 
platforms such as green environmental protection, waste treatment, air purification, 
vegetable distribution, and customized catering distribution. Therefore, while taking 
various epidemic prevention measures, the government should also pay more attention 
to enterprise transformation. 
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3 Data 

This thesis intends to study the impact of the COVID-19 epidemic on the per capita 
GDP and imports and exports of China's cities from January 2020 to June 2021. 
Therefore, we use this section to introduce data to analyze the COVID-19 pandemic 
and its impact. Firstly, we explain the source of the data, the structure, and the software 
of data processing. Then, according to the meaning of the variables (dependent 
variables, pandemic indicators, the proportion of GDP in each industry, etc.), different 
variables are classified and introduced in more detail.  

We selected ten representative cities in China for analysis. They are Beijing, 
Shanghai, Shenzhen (located in Guangdong Province), Qingdao (located in Shandong 
Province), Tianjin, Xiamen (located in Fujian Province), Wuhan (located in Hubei 
Province), Chengdu (located in Sichuan Province), Jinan (located in Shandong 
Province) and Harbin (located in Heilongjiang Province). We divide all cities into three 
categories: megacities (Beijing, Shanghai, Shenzhen) and coastal cities (Qingdao, 
Tianjin, Xiamen), and inland cities (Wuhan, Chengdu, Jinan, Harbin). 

We obtained quarterly nominal GDP data for each city and annual nominal data for 
the catering, transportation, and retail industries from the National Bureau of Statistics 
of China2. The monthly nominal import and export data of each city comes from the 
China Customs and Statistics Bureau3.  I adjusted the data for price changes using 
CPI and GDP deflator. The annual data of China's CPI and GDP deflator are obtained 
from the official website of the World Bank4, and the real value of quarterly GDP data 
and the real value of monthly import and export data are calculated from these. We 
obtained the daily data on the number of COVID-19 infections and the stringency index 
in various provinces in China from the Oxford University researchers' report5.  

 
2 www.stats.gov.cn 

3 www.customs.gov.cn 

4 https://www.worldbank.org/en/home 

5 COVID-19 Government Response Tracker | Blavatnik School of Government (ox.ac.uk) 

http://www.stats.gov.cn/
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When studying the impact of the COVID-19 epidemic on the growth of GDP per 
capita in each city, we use quarterly data. When examining the effects of the COVID-
19 epidemic on various cities' import and export growth, we use monthly data. Due to 
the lack of relevant data on the number of people infected with SARS, a dummy 
variable related to SARS was constructed to control the model. Due to the lack of 
quarterly nominal data on relevant industries in each city, specific estimates have been 
made on the original data. Since there are only annual values of CPI and GDP deflator, 
we suppose that the CPI and GDP deflator for each quarter or month of the same year 
remain unchanged. Because of the lack of the CPI and GDP deflator in 2021, we 
assume there will be no inflation in 2021 compared with 2020. That is, the CPI and 
GDP deflator are consistent with 2020. A detailed list of variables and an explanation 
of the meaning of each variable can be found in the appendix of this thesis. 

We constructed two data frames in panel data format. The panel data is obtained by 
observing a single cross-sectional sample (in this thesis, 10 Chinese cities) for several 
periods (monthly and quarterly). A quarterly data frame composed of 82 time periods 
(annual quarters from 2001Q1 to 2021Q2) is used to estimate the impact of COVID-
19 infections on the growth of GDP per capita in each city. A monthly data frame of 
247 time periods (from December 2000 to June 2021) is used to estimate the impact of 
similar independent variables on import and export growth. 

The processing of the obtained data and all calculations were done using Stata16. 

3.1 Real GDP per capita of each city 

Due to the unavailability of some data, we can only estimate the per capita real GDP 
of each city according to the available existing data combined with a series of relevant 
indexes. 

First, we estimated the quarterly cumulative value of real GDP for each city through 
the quarterly cumulative value of the nominal GDP of the province where each city is 
located, China's 2000-2021 annual GDP deflator, and the proportion of each city's 
population in the province where it is located. Then, wecalculated the quarterly current 
value of real GDP, and by dividing by the city's population, estimated the quarterly 
current value of the actual per capita GDP of each city. The per capita real GDP growth 
rate represents the percentage change of per capita real GDP from the previous period 
(the prior quarter of the same year). 
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To get a rough idea of the per capita real GDP growth from 2001Q1 to 2021Q2, we 
depict it in Figure 7. Figure 8 shows the year-on-year growth trend of China's per capita 
real GDP from 2001 to 2020. 

From Figure 7, we find that the real per capita GDP of each city fluctuates 
seasonally. That is, the real per capita GDP of the city shows certain regular ups and 
downs with the change of seasons. Therefore, it is necessary to consider the influence 
of seasonal factors in the analysis. In the first 20 quarters (i.e., from December 2000 to 
December 2005), the fluctuation of megacities' per capita real GDP was significantly 
higher than that of other cities. Because, during that period, the state's strong support 
for the economy of megacities made their economic structure begin to develop in the 
direction of diversification. In the subsequent period, the economic development of 
each city tended to be the same range, and the international financial crisis in 2008 
brought varying degrees of economic losses to each city's impact, resulting in a 
significant decline in the value of urban per capita real GDP. However, the trend in the 
COVID-19 epidemic period is no longer clear, showing a messy fluctuation state. It 
confirms the uncertainty and uncontrollability of the external adverse impact on the 
economy, indicating that the negative impact of the COVID-19 epidemic on the 
economy is difficult to observe and needs to be quantified in further analysis.  Figure 
8 shows that the SARS pandemic in 2003 did not bring a substantial blow to China's 
real per capita GDP. Real GDP per capita slowed down, but overall growth remained 
unchanged. The real per capita GDP showed two inflection points of substantial 
decline: the financial crisis in 2008 and the COVID-19 pandemic in 2020. Therefore, 
it is very necessary to analyze the impact of COVID-19 pandemic on the economy. 

Our ultimate goal is to quantify the impact of COVID-19 infection on the economy 
of various cities by studying the relationship between COVID-19 disease and per capita 
real GDP growth rate. 
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Source: National Bureau of Statistics 

Figure 7. Real per capita GDP in time 

 

 

Source: National Bureau of Statistics 

Figure 8. The year-on-year growth trend of China's per capita real GDP from 2001 to 2020 

3.2 Import and export 

Contrary to the analysis of GDP, we have decided to analyze the year-on-year 
growth rate of import and export as the dependent variables, to reflect the impact and 
consequences of the COVID-19 pandemic on the city's import and export. 
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 The main reason is that the import and export data we selected are monthly data, 
and the fluctuation of import and export volume is very large. Therefore, selecting the 
year-on-year growth rate can better observe the impact of the COVID-19 pandemic on 
import and export. In addition, since imports and exports always decline at the 
beginning of the year, the year-on-year growth rate can better reduce errors.(Figure 10 
and Figure 11). 

Figure 9 shows the changing trend of real import and export from December 2000 
to June 2021. We found that during the SARS pandemic (from December 2002 to July 
2003), despite the negative impact of the SARS pandemic on the city economy, import 
and export still showed an upward trend. Similar to the change of real per capita GDP, 
the first major shock of import and export occurred during the financial crisis in 
December 2008. The second considerable fluctuation occurred in 2015. China's 
General Administration of Customs said that 2015 was when China's trade in goods 
faced a more complex and severe international and domestic situation since the new 
round of global financial crisis. On the one hand, it was due to the downturn in export 
demand. The international financial crisis since 2008 destroyed the driving force of 
world economic growth, and the overall recovery of the international economy was 
weak, leading to a period of profound adjustment of global trade, thus curbing China's 
export growth. On the other hand, the sharp decline in global commodity prices and 
the slowdown in the evolution of commodity imports were fundamental reasons for the 
decline in China's import value in 2015. And the third major shock occurred during the 
COVID-19 pandemic in 2020. From January to June 2020, China implemented strict 
control measures. The import and export of all cities were negatively affected. At that 
stage, the year-on-year growth rate of import and export was less than zero, and the 
national import and export showed a negative growth trend, especially in the coastal 
towns that rely on import and export trade to develop their economy. After June 2020, 
the COVID-19 pandemic in China was controlled. The national government gradually 
opened the import and export trade policy, resulting in a rebound in the growth rate of 
various cities. However, due to the local infection caused by COVID-19 virus in 
imported food in the second half of 2020, the governments of multiple cities have 
gradually adopted import and export trade control policies and testing efforts to varying 
degrees, the change of import and export growth rate of each municipality shows 
varying degrees of shock, but on the whole, it has achieved positive growth. 
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Source: General Administration of Customs of China 

Figure 9. The change trend of real import and export from December 2000 to June 2021 

Therefore, this thesis wants to explore the impact of the COVID-19 pandemic on 
import and export, especially on cities that rely on import and export trade and cities 
that do not rely on import and export trade. 

        

Source: General Administration of Customs of China 

Figure 10. Changes in import volume of each city from December 2000 to June 2021 
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Source: General Administration of Customs of China 

Figure 11. Changes in export volume of each city from December 2000 to June 2021 
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14) to more intuitively show the change of infection rate per 100,000 people in each 
city. 

 

Source: University of Oxford 

Figure 12. Quarterly current cases per 100,000 people of each city except Wuhan 

 

Source: University of Oxford 

Figure 13. Quarterly current cases per 100,000 people of Wuhan 
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Source: University of Oxford 

Figure 14. Monthly current cases per 100,000 people of each city except Wuhan 

 

Source: University of Oxford 

Figure 15. Monthly current cases per 100,000 people of Wuhan 

Before the second quarter of 2020 (June 2020), the changing trend of current cases 
per 100,000 people in each city is almost the same. It can be seen from the monthly 
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COVID-19 test kit, the municipal governments have increased the detection of 
COVID-19, the number of confirmed cases has risen rapidly.  
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By comparing the trend images of Wuhan and other research cities, it can be found 
that although Wuhan is the first place to discover the COVID-19 pandemic, there is no 
obvious rebound trend compared with other cities. It is due to the Chinese government's 
investment in many humans, material, and medical assistance. It can be seen from 
Figure 13 and Figure 15 that after the first quarter of 2020 (February 2020), the current 
cases per 100,000 people in Wuhan have always maintained a low level, and there is 
little sign of a rebound. 

In contrast, for other research cities except for Wuhan, the curve of current cases per 
100,000 people in each city shows varying degrees of fluctuation after the second 
quarter of 2020 (June 2020). This situation is mainly caused by the sporadic occurrence 
of local cases in many places due to the overseas import of personnel and food and the 
variation of the COVID-19 virus. In Figure 12 and Figure 14, we can further find that 
the more significant fluctuations after the second quarter of 2020 occur more in 
megacities (Beijing, Shanghai, Shenzhen) and inland cities bordering other countries 
(Harbin). 

The main reason for this situation in megacities is that China's large international 
airports are mainly located in China's economically developed cities. Although the 
Chinese government has adopted the diversion policy6 under the COVID-19 pandemic 
environment, the infection rate of overseas import in megacities is still higher than that 
in other cities. Inland cities bordering on other countries are prone to illegal 
immigration, which brings the situation of overseas import and infection of local 
people to such cities. 

3.4 The proportion of various industries in the city’s 
GDP 

China's tertiary industry accounts for a relatively more significant proportion of the 
entire economy at a particular stage. It is the tertiary industry that the epidemic has a 
significant impact on economic growth, and the post epidemic recovery time is 
relatively longer. After the SARS epidemic, the second industry proliferated, while the 
teriary industry took almost a year to return to the level of economic growth before the 
epidemic. (KPMG, 2020). The epidemic has reduced the consumption of travel, dinner, 
travel, accommodation, entertainment, and other services, resulting in a significant 

 
6 Diversion policy: As there are too many flights landing here from abroad, the Chinese government has adopted a 

policy of allowing some flights to land in other places, thereby reducing the testing burden of the medical staffs and 

increasing the testing rate. 
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impact on the transportation, accommodation, catering, and tourism industries. 
Therefore, cities with a higher share of the tertiary industry are often more vulnerable 
to epidemics than other cities (Figure 16). 

 

Source: China Bureau of Statistics 

Figure 16. Year-on-year growth rate of each industry from 2001 to 2021 

 We select three specific industries in the tertiary sector - catering, transportation, 
and retail as the control variable to study the impact of the COVID-19 pandemic on 
urban per capita GDP. Because the industry values of some cities change significantly 
within a year, to reduce the error and increase the absolute trust of the model, we finally 
chose the average value of each industry's added value in the proportion of nominal 
GDP in the past four quarters to express the impact of these three industries on the 
city's GDP (Figure 17, Figure 18 and Figure 19). 

Overall, the industry proportion of megacities (Beijing, Shanghai, and Shenzhen) is 
more significant than that of other cities, mainly due to the rapid development of the 
economy, especially the tertiary industry, and due to the support of national policies. 
There is little difference in the proportion of industries in other cities. China held the 
1st China International Import Expo in Shanghai, on November 4, 2018, attracting 
more than 1,000 enterprises from 58 countries along the belt. Therefore, around 2018, 
the proportion of Shanghai's industry reached its peak and far exceeded that of other 
cities. After the outbreak of the COVID-19 pandemic in January 2020, due to the strict 
control measures implemented by the Chinese government immediately, the industry 
proportion of each city has decreased in the short term, especially the catering industry. 
Later, the national government relaxed the policy, and the balance of various industries 
rebounded slightly. However, due to the impact of sporadic local cases and the world 
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COVID-19 pandemic environment, the value added of these industries still does not 
reach its level before the COVID-19 pandemic. 

 

Source: China Bureau of Statistics 

Figure 17. The average value of catering added value in the proportion of nominal 
GDP in the past four quarters 

 

Source: China Bureau of Statistics 

Figure 18. The average value of transportation added-value in the proportion of 
nominal GDP in the past four quarters 
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Source: China Bureau of Statistics 

Figure 19. The average value of retail added-value in the proportion of nominal 
GDP in the past four quarters 

3.5 Stringency index 

The stringency index records the strictness of ‘lockdown style’ policies that 
primarily restrict people’s behavior. It is calculated using all ordinal containment and 
closure policy indicators, plus an indicator recording public information campaigns. 
(University of Oxford, 2021)  

We choose the monthly average and quarterly average of stringency index to 
represent the strength of the control measures taken by the government for each city. 
The stringency index ranges from 0 to 100. The higher the stringency index, the 
stronger the government's epidemic prevention and control in the city. Figure 20 and 
Figure 21 show the changes of stringency index in each city from the quarterly and 
monthly time dimensions, respectively. The peak of the stringency index appeared in 
the period when the COVID-19 pandemic just broke out (February 2020), and then the 
control strength of each city weakened to varying degrees. Similar to the changing 
trend of current cases per 100,000 people, megacities (Beijing, Shanghai, Shenzhen) 
and inland cities bordering other countries (Harbin) have frequent local issues due to 
objective factors, resulting in stricter control in these than other cities. 
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Source: University of Oxford 

Figure 20. Quarterly average value of stringency index 

 

 

Source: University of Oxford 

Figure 21. Monthly average value of stringency index 

3.6 Summary data 
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Table 1. Summary of Quarterly Data 

Variable Obs Mean Std. Dev. Min Max 

lnrgdp 810 0.020571 0.266608 -1.23205 1.062112 

rgdplag 810 17883.76 8823.373 3720.69 61644.5 

procgdp 780 0.015019 0.008789 0.003931 0.104497 

protgdp 780 0.039386 0.025648 0.012009 0.329001 

prorgdp 780 0.083531 0.080707 0.032591 1.097157 

covid19 820 0.162751 3.685304 0 105.3935 

covid19prev1quarter 810 0.161764 3.707773 0 105.3935 

siaverage 820 4.155476 15.24276 0 87.6 

siaverageprev1quarter 810 3.623259 14.53803 0 87.6 

Source: all data are calculated by ourselves. 

The quarterly data framework (Table 1) includes the current value of each city's 
per capita real GDP growth rate (lnrgdp) and its lagging value (rgdplag),  both of 
which are calculated and presented in logarithmic form. The average value of the 
nominal value of catering, transportation, and retail industries in each city in the past 
four quarters as a proportion of the city's nominal GDP in the same period (procgdp, 
protgdp and prorgdp), the current cases of COVID-19 per 100,000 people (covid19), 
and its one-phase lag value (covid19prev1quarter), the average value of the 
stringency index (siaverage), and its one-phase lag value (siaverageperv1quarter). 

Table 2. Summary of Monthly Data 

Variable Obs Mean Std. Dev Min Max 

lnimport 2,350 0.098097 0.273588 -1.85772 1.228183 

lnexport 2,350 0.099897 0.255368 -1.61835 1.495785 

importlag 2,350 50.1922 68.27769 0.43 343.74 
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exportlag 2,350 40.62733 53.45722 0.44 376.76 

covid19 2,470 0.054036 1.904148 0 94.09263 

covid19prev3months 2,440 0.053998 1.193172 0 35.12985 

siaverage 2,470 4.025644 14.95338 0 87.6 

siaverageprev3months 2,440 3.691378 14.19937 0 85.46333 

Source: all data are calculated by ourselves. 

The monthly data framework (Table 2) includes the year-on-year change percentage 
of imports and exports (lnimport and lnexport) and the same month value of imports 
and exports in the previous year (i.e., lagging 12 periods) (importlag and exportlag), 
all of which are calculated and presented in logarithmic form. The current cases of 
COVID-19 per 100,000 people (covid19) as well as its average value in the last three 
months (covid19prev3months), and the average weight of the stringency index 
(siaverage) and its average value in the previous three months (siaverageprev3months). 
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4. Methodology 

This part of the thesis presents the methods used to analyze the data described in the 
previous section.  

  We use the panel data regression model to estimate the impact of the COVID-19 
pandemic on GDP growth and import and export growth. The baseline model equations 
(Model 1 and Model 2) can be written as: 

Model 1. Impact of COVID-19 pandemic on urban per capita GDP growth rate 

ln
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−1

= 𝛽𝛽0 + 𝛽𝛽1𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−1 + �𝛼𝛼𝑘𝑘

3

𝑘𝑘=1

∗

𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−1
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−1

+
𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−2
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−2

+
𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−3
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−3

+
𝐼𝐼𝑘𝑘𝑖𝑖,𝑠𝑠−4
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−4

4

+ 𝛽𝛽2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠 + 𝛽𝛽3𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−1 + +𝛽𝛽4𝑑𝑑1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝛽𝛽5𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝛽𝛽6𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠
+ 𝛽𝛽7𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−1 + 𝜐𝜐𝑖𝑖 + 𝜑𝜑𝑠𝑠 + 𝜀𝜀𝑖𝑖,𝑠𝑠 

Model 2. Influence of COVID-19 pandemic on urban import and export growth rate 

ln
𝑌𝑌𝑖𝑖,𝑠𝑠

𝑌𝑌𝑖𝑖,𝑠𝑠−12
= 𝛽𝛽0 + 𝛽𝛽1𝑌𝑌𝑖𝑖,𝑠𝑠−12 + 𝛽𝛽2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠 + 𝛽𝛽3

(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−1 + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−2 + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−3)
3

+ 𝛽𝛽4𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠 + 𝛽𝛽5
(𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−1 + 𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−2 + 𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−3)

3
+ 𝛽𝛽6𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝜐𝜐𝑖𝑖 + 𝜑𝜑𝑠𝑠 + 𝜀𝜀𝑖𝑖,𝑠𝑠 

Quarterly data are used in model 1. The dependent variable ln 𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡−1

 is the real 

per capita GDP growth rate of the city i in period t. 𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑠𝑠−1 is the real per capita 

GDP of city i lags behind one period during t. 𝐼𝐼𝑘𝑘𝑖𝑖,𝑡𝑡−n
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡−𝑛𝑛

 is the lag n period of the ratio 

of industrial nominal added value to the urban nominal GDP in city i in the same period. 
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠  is the current cases per 100,000 people of the city i in period t. And 
𝑑𝑑1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the dummy variable about the first quarter, which we use to control for 
seasonality, because GDP always declines in the first period. If the selected time is the 
first quarter of each year, it is defined as one, otherwise, it is zero. 𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is a dummy 
variable about SARS. Suppose it is one if the selected time is the SARS outbreak 
(2002Q4 to the 2003Q3), otherwise zero. 𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠 is the average value of the 
stringency index of the city i in period t. 

In model 2, we use monthly data. Where ln 𝑌𝑌𝑖𝑖,𝑡𝑡
𝑌𝑌𝑖𝑖,𝑡𝑡−12

 is the dependent variable 

corresponding either to the year-on-year change percentage of the import or the export 
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in city i in period t. 𝑌𝑌𝑖𝑖,𝑠𝑠−12 is either the real value of import or export of the city i lags 
behind twelve period during t. 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑19𝑖𝑖,𝑠𝑠−𝑛𝑛 and 𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠−𝑛𝑛are the lag n period 
of the current cases per 100,000 people of city i and the stringency index in period t. 
Same as model 1, 𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the dummy variable about SARS, if the observed time is 
between December 2002 and July 2003, it is recorded as one, otherwise it is zero. 

  In both models, 𝛽𝛽0  is the intercept, 𝛽𝛽𝑚𝑚(𝑚𝑚 = 1,2,3,4,5,6,7)  is the slope 
coefficient, 𝜐𝜐𝑖𝑖 represents city fixed effects, 𝜑𝜑𝑠𝑠 corresponds to quarter or month fixed 
effects (depending on data frequency) and 𝜀𝜀𝑖𝑖,𝑠𝑠 is the unobserved error. 

  In model 1, the variables to measure the pandemic status are current cases per 
100,000 people and their lag value. And they are current cases per 100,000 people and 
its average value in the previous three months in model 2.  

  Later, we will add dummy variables of the city category in the two models to 
determine the impact of the COVID-19 pandemic on dependent variables in different 
city categories. We will also add the interaction term between the city dummies and 
current cases per 100,000 people to analyze the changes in the influence of the control 
variables on the dependent variables under the COVID-19 pandemic. 

4.1 OLS regression model 

The ordinary least square (OLS) method is the most common and primary estimation 
method of the single equation linear regression model. It satisfies all the assumptions 
of the classical linear regression model (CLRM). The linear assumption is strictly 
exogenous, and there is no severe multicollinearity and spherical disturbance term (the 
disturbance term satisfies the same variance and has no autocorrelation). 

4.2 Fixed effects model 

We first set up a simple version of the individual effect model: 

𝑦𝑦𝑖𝑖,𝑠𝑠 = 𝑥𝑥𝑖𝑖,𝑠𝑠′𝛽𝛽 + 𝑧𝑧𝑖𝑖′𝛾𝛾 + 𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠 (𝑐𝑐 = 1, …𝑛𝑛; 𝑡𝑡 = 1, …𝑇𝑇)  (4.1) 

  If an unobserved heterogeneity, which is represented by 𝑢𝑢𝑖𝑖 in the baseline model 
equation, is correlated with an independent variable, OLS estimation is biased and 
inconsistent (Wooldridge, 2013). The fixed effects model adopts a transformation to 
avoid such problems. For given individual i,  we average over time on both sides of 
the equation (3.1) to obtain: 

𝑦𝑦𝚤𝚤,𝑠𝑠���� = 𝑥𝑥𝚤𝚤,𝑠𝑠′�����𝛽𝛽 + 𝑧𝑧𝑖𝑖′𝛾𝛾 + 𝑢𝑢𝑖𝑖 + 𝜀𝜀𝚤𝚤,𝑠𝑠����   (4.2) 
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  The deviation form of the original model can be obtained by subtracting equation 
(4.2) from equation (4.1): 

𝑦𝑦𝑖𝑖,𝑠𝑠 − 𝑦𝑦𝚤𝚤,𝑠𝑠���� = (𝑥𝑥𝑖𝑖,𝑠𝑠
′ − 𝑥𝑥𝚤𝚤,𝑠𝑠′�����)𝛽𝛽 + (𝜀𝜀𝑖𝑖,𝑠𝑠 − 𝜀𝜀𝚤𝚤,𝑠𝑠����)  (4.3) 

 Let 𝑦𝑦𝚤𝚤,𝑠𝑠� = 𝑦𝑦𝑖𝑖,𝑠𝑠 − 𝑦𝑦𝚤𝚤,𝑠𝑠����, 𝑥𝑥𝚤𝚤,𝑠𝑠� = (𝑥𝑥𝑖𝑖,𝑠𝑠
′ − 𝑥𝑥𝚤𝚤,𝑠𝑠′�����), 𝜀𝜀𝚤𝚤,𝑠𝑠� = (𝜀𝜀𝑖𝑖,𝑠𝑠 − 𝜀𝜀𝚤𝚤,𝑠𝑠����), then we get the so-

called time-demeaned model, which can be rewritten in a simple form as: 

𝑦𝑦𝚤𝚤,𝑠𝑠� = 𝑥𝑥𝚤𝚤,𝑠𝑠�  𝛽𝛽 + 𝜀𝜀𝚤𝚤,𝑠𝑠�  

  On this basis, as long as 𝑥𝑥𝚤𝚤,𝑠𝑠�  and 𝜀𝜀𝚤𝚤,𝑠𝑠�  are not related, OLS consistent estimation 
𝛽𝛽 can be used as "fixed effect estimator", which is recorded as �̂�𝛽𝐹𝐹𝐹𝐹. �̂�𝛽𝐹𝐹𝐹𝐹 mainly uses 
the within group dispersion information of each individual, so it is also called “within 
estimator”. Even if individual characteristics  𝑢𝑢𝑖𝑖 are related to explanatory variables 
𝑥𝑥𝑖𝑖,𝑠𝑠, consistent estimates can be obtained as long as within estimators are used, which 
is a significant advantage of panel data. However, in the conversion process of 
deviation,𝑧𝑧𝑖𝑖′𝛾𝛾  is also eliminated, so it is impossible to estimate 𝛾𝛾 . �̂�𝛽𝐹𝐹𝐹𝐹  cannot 
evaluate the influence of variables that do not change with time, which is a significant 
disadvantage of the fixed effects model. In addition, the fixed effects model has a 
strong assumption. Because �̅�𝑥𝑖𝑖 contains all the information of (𝑥𝑥𝑖𝑖1, … , 𝑥𝑥𝑖𝑖𝑖𝑖), to ensure 
that 𝑥𝑥𝚤𝚤,𝑠𝑠�  and 𝜀𝜀𝚤𝚤,𝑠𝑠�  are not related, the i-th observation must meet strict exogenity, 
i.e.,𝐸𝐸�𝜀𝜀𝑖𝑖,𝑠𝑠�𝑥𝑥𝑖𝑖1, … , 𝑥𝑥𝑖𝑖𝑖𝑖� = 0. In other words, the disturbance term must not be related to 
the explanatory variables of each period. 

4.3 Random effects model 

For the regression equation (4.1), the random effect model assumes that 𝑢𝑢𝑖𝑖 is not 
related to the explanatory variable �𝑥𝑥𝑖𝑖,𝑠𝑠 , 𝑧𝑧𝑖𝑖�, so the OLS is consistent. However, since 
the disturbance term is (𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠) and is not a spherical disturbance term, the OLS is 
not the most efficient. It is assumed that the disturbance terms between different 
individuals are not correlated with each other. Due to the existence of 𝑢𝑢𝑖𝑖 , the 
disturbance terms in different periods of the same individual have autocorrelation: 

𝐶𝐶𝑐𝑐𝑐𝑐�𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠 ,𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠� = �𝜎𝜎𝑠𝑠
2,            𝑐𝑐𝑖𝑖 𝑡𝑡 = 𝑠𝑠

𝜎𝜎𝑠𝑠2 + 𝜎𝜎𝜀𝜀2, 𝑐𝑐𝑖𝑖 𝑡𝑡 ≠ 𝑠𝑠
 

  Where 𝜎𝜎𝑠𝑠2 is the variance of 𝑢𝑢𝑖𝑖 (does not vary with i), and 𝜎𝜎𝜀𝜀2 is the variance of 
𝜀𝜀𝑖𝑖,𝑠𝑠 (does not vary with i,t). When t ≠ s, the autocorrelation coefficient is: 
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𝜌𝜌 =  𝐶𝐶𝑐𝑐𝑐𝑐�𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠 ,𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠� =
𝜎𝜎𝑠𝑠2

𝜎𝜎𝑠𝑠2 + 𝜎𝜎𝜀𝜀2
 

  The autocorrelation coefficient 𝜌𝜌 between disturbance terms in different periods of 
the same individual does not change with time distance (t-s), so the random effect 
model also becomes "equicorrelated model" or "exchangeable errors model." The 
larger of 𝜌𝜌 , the more critical the individual effect part (𝑢𝑢𝑖𝑖 ) in the compound 
disturbance term (𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠) is. 

  The covariance matrix of the same individual disturbance term is: 

Π = �
𝜎𝜎𝑠𝑠2 + 𝜎𝜎𝜀𝜀2 … 𝜎𝜎𝑠𝑠2

𝜎𝜎𝑠𝑠2 … 𝜎𝜎𝑠𝑠2

𝜎𝜎𝑠𝑠2 … 𝜎𝜎𝑠𝑠2 + 𝜎𝜎𝜀𝜀2
�

𝑖𝑖∗𝑖𝑖

  (4.4) 

It can be seen from expression (4.4) that the disturbance term of the same individual 
has the same variance, but there is within group autocorrelation. The covariance matrix 
of the entire sample disturbance term is block diagonal matrix. 

Ω = �
Π ⋯ 0
⋮ ⋱ ⋮
0 ⋯ Π

�
𝑛𝑛𝑖𝑖∗𝑛𝑛𝑖𝑖

 

Since the OLS is consistent and its disturbance term is (𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠), the OLS residual 
can be used to estimate (𝜎𝜎𝑠𝑠2 + 𝜎𝜎𝜀𝜀2). On the other hand, the Fixed effects model is also 
consistent, and its disturbance term is (𝜀𝜀𝑖𝑖,𝑠𝑠 − 𝜀𝜀�̅�𝑖), so the Fixed effects model’s residual 
can be used to estimate 𝜎𝜎𝜀𝜀2 . Then, the feasible generalized least squares (FGLS) 
method can be used to estimate the original model to obtain "random effects estimator", 
which is recorded as �̂�𝛽𝑅𝑅𝐹𝐹. Specifically, OLS is used to estimate the following quasi-
demeaned model: 

𝑦𝑦𝑖𝑖,𝑠𝑠 − 𝜃𝜃�𝑦𝑦�𝑖𝑖 = �𝑥𝑥𝑖𝑖,𝑠𝑠 − 𝜃𝜃��̅�𝑥𝑖𝑖�
′𝛽𝛽 + �1 − 𝜃𝜃��𝑧𝑧𝑖𝑖′𝛿𝛿 + [�1 − 𝜃𝜃��𝑢𝑢𝑖𝑖 + (𝜀𝜀𝑖𝑖,𝑠𝑠 − 𝜃𝜃�𝜀𝜀�̅�𝑖)] 

  Where 𝜃𝜃� is the consistent estimator of 𝜃𝜃 = 1 − 𝜎𝜎𝜀𝜀
(𝑖𝑖𝛿𝛿𝑢𝑢

2+𝛿𝛿𝜀𝜀
2)
1 2�

.  Disturbance term 

[�1 − 𝜃𝜃��𝑢𝑢𝑖𝑖 + (𝜀𝜀𝑖𝑖,𝑠𝑠 − 𝜃𝜃�𝜀𝜀�̅�𝑖)] no longer has autocorrelation. Obviously, 0 ≤ 𝜃𝜃 ≤ 1. If 
𝜃𝜃 = 0, it is a mixed regression, and if 𝜃𝜃 = 1, it is a within estimator. 

4.4 Hausman Test 

When dealing with panel data, a fundamental problem is whether we should use a 
fixed effects model (FE model) or random effects model (RE model). After we estimate 
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the fixed and random effects models, we can use the Hausman test (Hausman, 1978) 
to test the consistency.  

  𝐻𝐻0: 𝑢𝑢𝑖𝑖  is uncorrelated with 𝑥𝑥𝑖𝑖,𝑠𝑠  and 𝑧𝑧𝑖𝑖 , that is, the random effect model is the 
correct model. Whether 𝐻𝐻0 is true or not, FE is consistent. However, if 𝐻𝐻0 holds, RE 
is more efficient than FE. If 𝐻𝐻0 does not hold, RE is inconsistent. In other words, if 
we reject 𝐻𝐻0, we choose the FE model because the FE hypothesis is not as strict as 
RE, so that it can be uniformly estimated. However, if we do not reject 𝐻𝐻0, we should 
rely on RE model estimation because this estimation method is more effecient. In 
addition, the RE model estimates the intercept, which may be helpful for prediction, 
while the FE does not. 

4.5 Akaike information criterion 

AIC information criterion is a standard to measure the goodness of fit of statistical 
models. It is also called the Akaike information criterion because it was founded and 
developed by Japanese statistician Hongci Akaike. Based on the concept of entropy, it 
can weigh the complexity of the estimated model and the goodness of the pertinent 
data of the model.  

  In general, AIC can be expressed as: 𝐴𝐴𝐼𝐼𝐶𝐶 = 2𝑘𝑘 − 2 ln 𝐿𝐿 , k is the number of 
parameters and L is the likelihood function. The assumption is that the error of the 
model follows an independent normal distribution. Let n be the number of observations 
and SSR (sum square of residual) be the sum of squares of residuals, then AIC 
becomes: 𝐴𝐴𝐼𝐼𝐶𝐶 = 2𝑘𝑘 − 𝑛𝑛 ln(𝑆𝑆𝑆𝑆𝑅𝑅

𝑛𝑛
). 

  Increasing the number of free parameters improves the goodness of fitting. AIC 
encourages the worth of data fitting but tries to avoid overfitting. Therefore, the 
preferred model should be the one with the smallest AIC value. Assuming that a choice 
is made among n models, the AIC values of n models can be calculated at one time, 
and the model corresponding to the minimum AIC value can be found as the selection 
object. The method of Akaike information criterion is to find a model that can best 
explain the data but contains the least free parameters. 

4.6 Time fixed effects 

The individual fixed effect model solves the problem of missing variables that do 
not change with time but vary with individuals. Similarly, introducing the time fixed 
effect can solve the problem of missing variables that do not change with individuals 
but change with time. The simple model is assumed to be: 
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𝑦𝑦𝑖𝑖,𝑠𝑠 = 𝑥𝑥𝑖𝑖,𝑠𝑠′𝛽𝛽 + 𝑧𝑧𝑖𝑖′𝛿𝛿 + 𝛾𝛾𝑆𝑆𝑠𝑠 + 𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠      

Where, 𝑆𝑆𝑠𝑠  is unobservable. If 𝜆𝜆𝑠𝑠 = 𝛾𝛾𝑆𝑆𝑠𝑠  is defined, the above formula can be 
rewritten as: 

𝑦𝑦𝑖𝑖,𝑠𝑠 = 𝑥𝑥𝑖𝑖,𝑠𝑠′𝛽𝛽 + 𝑧𝑧𝑖𝑖′𝛿𝛿 + 𝜆𝜆𝑠𝑠 + 𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖,𝑠𝑠 

𝜆𝜆𝑠𝑠 can be regarded as the unique intercept term of period t, that is, the effect of 
period t on the explained variable y. Therefore, 𝜆𝜆1, … , 𝜆𝜆𝑖𝑖 become “time fixed effects”. 

4.7 Heteroscedasticity 

We need the data to show the nature of homovariance to ensure the effectiveness of 
statistical inference, that is, the variance of the error term should not change with the 
observed individual changes. In equation (4.1), it can be expressed as： 

𝑉𝑉𝑠𝑠𝑠𝑠�𝜀𝜀𝑖𝑖,𝑠𝑠�𝑋𝑋𝑖𝑖 ,𝑢𝑢𝑖𝑖� = 𝜎𝜎𝜀𝜀2  

Where X is the matrix of all independent variables. If the above condition is not 
satisfied, we call it heteroscedasticity. Heteroscedasticity is a case that violates the 
spherical disturbance term hypothesis, that is, the disturbance term variance 
𝑉𝑉𝑠𝑠𝑠𝑠�𝜀𝜀𝑖𝑖,𝑠𝑠�𝑋𝑋𝑖𝑖 ,𝑢𝑢𝑖𝑖�  depends on i rather than constant 𝜎𝜎𝜀𝜀2.  To check the 
heteroscedasticity, we might use the Wald test for heteroscedasticity between groups 
(Greene, 2000). The null hypothesis was that "the variance of disturbance terms of 
different individuals is equal", i.e. 𝐻𝐻0: 𝜎𝜎𝑖𝑖2 = 𝜎𝜎2 (𝑐𝑐 = 1,2, … ,𝑛𝑛). On the premise of the 
null hypothesis, we can get: 

𝜎𝜎�𝑖𝑖
2 − 𝜎𝜎2

�𝑉𝑉𝑠𝑠𝑠𝑠(𝜎𝜎�𝑖𝑖
2)

 
𝑑𝑑
→  𝑁𝑁(0,1) 

Where 𝜎𝜎�𝑖𝑖
2 = ∑ 𝑠𝑠𝑖𝑖,𝑡𝑡2

𝑖𝑖
𝑖𝑖
𝑠𝑠=1  is the consistent estimator of 𝜎𝜎2 and 𝑠𝑠𝑖𝑖,𝑠𝑠 is the residual 

corresponding to 𝜀𝜀𝑖𝑖,𝑠𝑠. Square the above formula to obtain: 

(𝜎𝜎�𝑖𝑖
2 − 𝜎𝜎2)2

𝑉𝑉𝑠𝑠𝑠𝑠(𝜎𝜎�𝑖𝑖
2)

 
𝑑𝑑
→  𝜒𝜒2(1) 

The consistent estimator of 𝑉𝑉𝑠𝑠𝑠𝑠(𝜎𝜎�𝑖𝑖
2) is:   

𝑉𝑉𝑠𝑠𝑠𝑠(𝜎𝜎�𝚤𝚤
2)� =

1
𝑇𝑇

1
𝑇𝑇 − 1

� (𝑠𝑠𝑖𝑖,𝑠𝑠2 − 𝜎𝜎�𝑖𝑖
2)2

𝑖𝑖

𝑠𝑠=1
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Further assuming that the disturbance terms of each individual are independent of 
each other, Wald statistics can be obtained: 

𝑊𝑊 = �
(𝜎𝜎�𝑖𝑖

2 − 𝜎𝜎2)2

𝑉𝑉𝑠𝑠𝑠𝑠(𝜎𝜎�𝑖𝑖
2)

 
𝑑𝑑
→

𝑖𝑖

𝑠𝑠=1
  𝜒𝜒2(𝑛𝑛) 

4.8 Cross-sectional dependence/Contemporaneous 
correlation 

  According to Baltagi(2018), Cross-sectional dependence is a problem in macro 
panels with long time series (more than 20-30 time periods). The null hypothesis was 
that “there is no cross-sectional dependence or contemporaneous correlation”, that is, 
𝐻𝐻0: 𝐶𝐶𝑐𝑐𝑐𝑐�𝜀𝜀𝑖𝑖,𝑠𝑠 , 𝜀𝜀𝑗𝑗,𝑠𝑠� = 0 (𝑐𝑐 ≠ 𝑗𝑗,∀𝑡𝑡) . If the null hypothesis is true, the correlation 
coefficients of different individual disturbance terms calculated according to the 
residual should be close to zero. If these correlation coefficients are arranged into a 
matrix, namely "correlation matrix of residuals," the non-main diagonal elements of 
the matrix should not be far from zero. According to the residual correlation coefficient 
matrix, Breusch Pagan LM Test can be used. 

4.9 Serial correlation 

The sequence correlation test applies to the macro panel of long-time series (more 
than 20-30 time periods). The standard error of the serial correlation coefficient is 
smaller than the actual value, and the R-squared is higher. Wooldridge test can be used 
to test serial autocorrelation. (Wooldridge, 2002) The null hypothesis is "no serial 
autocorrelation", that is, 𝐻𝐻0: 𝐶𝐶𝑐𝑐𝑐𝑐�𝜀𝜀𝑖𝑖,𝑠𝑠 , 𝜀𝜀𝑖𝑖,𝑠𝑠� = 0 (𝑡𝑡 ≠ 𝑠𝑠,∀𝑐𝑐). Given individual i, the 
first-order difference of the equation (3.1) can be obtained: 

Δ𝑦𝑦𝑖𝑖,𝑠𝑠 = Δ𝑥𝑥𝑖𝑖,𝑠𝑠′𝛽𝛽 + Δ𝜀𝜀𝑖𝑖,𝑠𝑠 

Under the null hypothesis that there is no serial correlation in �𝜀𝜀𝑖𝑖,𝑠𝑠�, the variance 
and autocovariance of Δ𝜀𝜀𝑖𝑖,𝑠𝑠 are: 

𝑉𝑉𝑠𝑠𝑠𝑠�Δ𝜀𝜀𝑖𝑖,𝑠𝑠� = 𝑉𝑉𝑠𝑠𝑠𝑠�𝜀𝜀𝑖𝑖,𝑠𝑠 − 𝜀𝜀𝑖𝑖,𝑠𝑠−1� = 𝑉𝑉𝑠𝑠𝑠𝑠�𝜀𝜀𝑖𝑖,𝑠𝑠� + 𝑉𝑉𝑠𝑠𝑠𝑠�𝜀𝜀𝑖𝑖,𝑠𝑠−1� = 2𝜎𝜎𝜀𝜀2 

𝐶𝐶𝑐𝑐𝑐𝑐�Δ𝜀𝜀𝑖𝑖,𝑠𝑠 ,Δ𝜀𝜀𝑖𝑖,𝑠𝑠−1� = 𝐶𝐶𝑐𝑐𝑐𝑐�𝜀𝜀𝑖𝑖,𝑠𝑠 − 𝜀𝜀𝑖𝑖,𝑠𝑠−1, 𝜀𝜀𝑖𝑖,𝑠𝑠−1 − 𝜀𝜀𝑖𝑖,𝑠𝑠−2� = −𝐶𝐶𝑐𝑐𝑐𝑐�𝜀𝜀𝑖𝑖,𝑠𝑠−1, 𝜀𝜀𝑖𝑖,𝑠𝑠−1�
= −𝑉𝑉𝑠𝑠𝑠𝑠�𝜀𝜀𝑖𝑖,𝑠𝑠−1� = −𝜎𝜎𝜀𝜀2 

  Therefore, the autocorrelation coefficient is: 
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𝐶𝐶𝑐𝑐𝑠𝑠𝑠𝑠�Δ𝜀𝜀𝑖𝑖,𝑠𝑠 ,Δ𝜀𝜀𝑖𝑖,𝑠𝑠−1� =
𝐶𝐶𝑐𝑐𝑐𝑐(Δ𝜀𝜀𝑖𝑖,𝑠𝑠 ,Δ𝜀𝜀𝑖𝑖,𝑠𝑠−1)

𝑉𝑉𝑠𝑠𝑠𝑠�Δ𝜀𝜀𝑖𝑖,𝑠𝑠�
=
−𝜎𝜎𝜀𝜀2

2𝜎𝜎𝜀𝜀2
= −0.5 

Note that the sample value (residual of first-order differential regression) of Δ𝜀𝜀𝑖𝑖,𝑠𝑠 is 
𝑠𝑠𝑖𝑖,𝑠𝑠, and carry out first-order autocorrelation for 𝑠𝑠𝑖𝑖,𝑠𝑠: 

𝑠𝑠𝑖𝑖,𝑠𝑠 = 𝜌𝜌𝑠𝑠𝑖𝑖,𝑠𝑠−1 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠𝑖𝑖,𝑠𝑠 

  Since then, the null hypothesis can be rewritten as 𝐻𝐻0: 𝜌𝜌 = −0.5 and Wooldridge 
test can be carried out. 

4.10 Fixed effects model with Driscoll-Kraay standard 
errors 

Because the model used in this thesis has the problems of heteroscedasticity, serial 
correlation, and cross-section dependence, we select the panel data fixed-effect model 
estimated using the Driscoll- Kraay standard errors developed by Driscoll and Kray 
(1998) and extended by Hoechle (2007), to deal with all these problems at the same 
time effectively. (Alssadek, Benhin, 2021).  

When using this method, the dependent variable and explanatory variable 𝑍𝑍𝑖𝑖,𝑠𝑠 ∈
�𝑦𝑦𝑖𝑖,𝑠𝑠 , 𝑥𝑥𝑖𝑖,𝑠𝑠�  are first transformed into 𝑍𝑍�𝑖𝑖,𝑠𝑠 = 𝑧𝑧𝑖𝑖,𝑠𝑠 − 𝑧𝑧�̅�𝑖 + �̅�𝑍  where �̅�𝑍𝑖𝑖 ∑ 𝑧𝑧𝑖𝑖,𝑠𝑠

𝑖𝑖𝑖𝑖
𝑠𝑠=𝑠𝑠𝑖𝑖,1  and 

�̅�𝑍 = (∑𝑇𝑇𝑖𝑖)−1 ∑∑𝑧𝑧𝑖𝑖,𝑠𝑠, then we estimate the transformed model: 𝑦𝑦�𝑖𝑖,𝑠𝑠 = 𝑥𝑥�𝑖𝑖,𝑠𝑠′𝛽𝛽 + 𝜀𝜀�̃�𝑖,𝑠𝑠. 
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5. Empirical Results 

This section presents the empirical results of data analysis using the methods 
described in the previous sections. First, we use Hausman test to choose whether to use 
fixed effects model (FE model) or random effects model (RE model). Secondly, we 
examine the diagnostic test results of the study variables. Finally, the estimated values 
of the regression model are displayed, evaluated and interpreted in the form of tables. 

5.1 Assumption testing 

  We conduct the Hausman test on the baseline equations of model 1 and model 2, 
respectively, to determine the choice of the final econometric model. The Hausman test 
results strongly reject the null hypothesis at the significance level of 1% for model 1 
and model 2 (results are presented in appendix). That is, the results show that RE is 
inconsistent, and we should finally choose FE. 

5.2 Heteroscedasticity, cross-sectional dependency 
and serial correlation test results 

Firstly, we use the modified Wald test to test the heteroscedasticity problem. The 
modified Wald test results show that the model we use for analysis have the problem 
of heteroscedasticity (Table 3). As shown in Table 4, the Breusch-Pagan LM test 
results of all variables used in this study indicate that the variables considered for 
analysis experience cross-sectional dependency. In Table 5, Wooldridge test results 
show that there is no first-order autocorrelation problem in model 1. Whether the year-
on-year growth rate data of import or export is taken as the dependent variable, model 
2 rejects the null hypothesis at the level of 1%, which shows a serial correlation 
between errors in the data involved in the analysis model 2. 

We first estimate and compare the baseline models using fixed effects model with 
clustering robustness standard errors. However, due to the problems of 
heteroscedasticity, cross-sectional dependency, and serial correlation, fixed effect 
regression with Driscoll-Kraay standard errors can effectively deal with all these 
problems simultaneously. (Driscoll, Kraay, 1998).  
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Table 3. Heteroscedasticity test results 

Modified Wald test for groupwise heteroskedasticity in fixed effect regression model 

H0: 𝛿𝛿𝑖𝑖
2 = 𝛿𝛿2for all i 

Model 1 Model 2_import Model 2_export 

𝜒𝜒2(10)=       265.21 𝜒𝜒2(10)=       712.59 𝜒𝜒2(10) =       746.43 

Prob>𝜒𝜒2=      0.0000 Prob>𝜒𝜒2=      0.0000 Prob>𝜒𝜒2=      0.0000 

 

Table 4. Cross-sectional test results 

Breusch-Pagan LM test of independence 

Model 1 Model 2_import Model 2_export 

𝜒𝜒2(45)=     302.394 𝜒𝜒2(45)=  1407.949 𝜒𝜒2(45)=     1584.346 

Pr=            0.0000 Pr =            0.0000 Pr =            0.0000 

 

Table 5. Serial correlation test results 

Wooldridge test for autocorrelation in panel data 

H0: no first-order autocorrelation 

Model 1 Model 2_import Model 2_export 

F (1, 9) =         0.673 F (1, 9) =        12.445 F (1, 9) =        8.194 

Prob>F =        0.4330 Prob > F =       0.0064 Prob > F =       0.0187 
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5.3 Panel data fixed effect estimation results 

5.3.1 Analysis of model 1 
  We use the fixed effect model to quantify the impact of the COVID-19 pandemic on 
the real per capita GDP of cities. 

Column (1) of Table 6 shows the results of the baseline equation of model 1 
estimated by the fixed effect model with cluster robustness standard error under the 
total sample of 10 selected cities in China. Based on column (1), we added the 
interaction term between the proportion of various types of industries in GDP and the 
cases per 100,000 people in the previous quarter and this quarter, respectively, and 
estimated the results shown in column (2) by using the fixed effects model with cluster 
robustness standard error. Comparing the results in columns (1) and (2), we find that 
the proportion of various types of industries in GDP and the interaction term of the 
cases per 100,000 people in the past quarter can significantly affect the growth rate of 
urban real per capita GDP, indicating that the urban economy with a higher proportion 
of these industries was more vulnerable to COVID-19 than other industries in the past. 
The data show that the COVID-19 pandemic has a higher negative impact on the 
catering industry than the transportation industry. The results also show that the 
interaction term between the industry proportion and the current cases per 100,000 
people in this quarter cannot explain the change of the city's real per capita GDP growth 
rate. So regarding the impact of current COVID-19 cases on the current economic 
situation, industries' structure does not matter too much. Tthe COVID-19 pandemic 
has a lagging impact on the economy, therefore, after adding such variables, one 
original significant explanatory variable(current cases per 100,000 people) becomes no 
longer effective, indicating no noticeable interaction effect between the industry 
proportion and the current cases per 100,000 people in this quarter, and its interactive 
items shall be eliminated. Therefore, the interaction between the number of cases in 
the previous quarter and the industry proportion can better reflect the economic impact 
on the current quarter. 

 We also added an interactive item representing the SARS dummy variable and 
industry share in column (2) to indicate the specific SARS impact of the GDP share of 
the industry on the city's actual per capita GDP. We note that the interaction between 
the dummy variable representing SARS and the transportation industry's share of GDP 
is significant, indicating that it is necessary to add such interaction items. 
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Table 6. Model 1: real GDP per capita growth 

 (1) (2) (3) (4) (5) (6) 

Standard Errors Robust Robust Robust Driscoll-Kraay Robust Driscoll-Kraay 

Time Effects No No No No Yes Yes 

rgdplag -.000011*** 

(3.20e-06) 

-.0000113*** 

(3.28e-06) 

-.0000113*** 

(3.21e-06) 

-.0000113*** 

(1.39e-06) 

-.0000225 *** 

(5.36e-06) 

-.0000225*** 

(4.08e-06) 

procgdp -3.212 

(2.818) 

-2.873 

(2.967) 

-2.989 

(2.983) 

-2.989 

(2.17) 

-1.533 

(4.33) 

-1.533 

(2.068) 

protgdp -3.35** 

(1.382) 

-3.763** 

(1.542) 

-3.718** 

(1.515) 

-3.718*** 

(.702) 

2.497 

(1.701) 

2.497** 

(1.133) 

prorgdp 1.341** 

(.555) 

1.423** 

(.579) 

1.421** 

(.57) 

1.421*** 

(.203) 

-.666 

(.632) 

-.666 

(.41) 

covid19 -.004*** 

(.001) 

.042 

(.34) 

-.005*** 

(.001) 

-.005*** 

(0) 

-.004*** 

(.001) 

-.004*** 

(.001) 

covid19prev1qu
arter 

.004*** 

(0) 

.572*** 

(.169) 

.573*** 

(.16) 

.573*** 

(.118) 

.527 

(.335) 

.527 

(.338) 

d1stquarter -.407*** 

(.042) 

-.406*** 

(.042) 

-.407*** 

(.043) 

-.407*** 

(.025) 

-1.002*** 

(.208) 

-.105 

(.229) 

dsars -.028** 

(.011) 

-.139** 

(.048) 

-.136** 

(.049) 

-.136 

(.125) 

-.483*** 

(.123) 

-.27 

(.172) 

siaverage .003* 

(.001) 

.004** 

(.001) 

.004** 

(.001) 

.004*** 

(.001) 

-.001 

(.002) 

-.001 

(.003) 

siaveragelag -.001 -.002 -.002 -.002*** 0 0 
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(.001) (.001) (.001) (.001) (.002) (.003) 

procgdpcovid19
prev1quarter 

 -28.79** 

(9.218) 

-28.345** 

(9.142) 

-28.345*** 

(7.021) 

-19.695 

(15.862) 

-19.695 

(20.515) 

protgdpcovid19
prev1quarter 

 -4.971*** 

(1.456) 

-5.146*** 

(1.412) 

-5.146*** 

(.906) 

-9.188** 

(3.046) 

-9.188*** 

(2.497) 

prorgdpcovid19
prev1quarter 

 .006 

(.641) 

-.056 

(.534) 

-.056 

(.36) 

.681 

(.774) 

.681 

(.753) 

procgdpcovid19  .713 

(18.612) 

    

protgdpcovid19  -1.215 

(4.326) 

    

prorgdpcovid19  -.65 

(.876) 

    

1.dsars#c.procgd
p 

 3.79 

(3.615) 

3.722 

(3.628) 

3.722 

(10.726) 

-4.502 

(4.246) 

-4.502 

(10.162) 

1.dsars#c.protgd
p 

 2.881* 

(1.384) 

2.813* 

(1.401) 

2.813 

(2.016) 

-2.054 

(1.485) 

-2.054 

(2.011) 

1.dsars#c.prorgd
p 

 -1.33 

(1.086) 

-1.299 

(1.104) 

-1.299 

(1.916) 

1.174 

(1.356) 

1.174 

(1.761) 

dmegacitycovid
19 

  -.059* 

(.032) 

-.059*** 

(.019) 

-.045 

(.033) 

-.045** 

(.021) 

dcoastalcitycovi
d19 

  -.112 

(.086) 

-.112*** 

(.027) 

-.136 

(.145) 

-.136*** 

(.025) 
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_cons .382*** 

(.094) 

.392*** 

(.097) 

.391*** 

(.096) 

.391*** 

(.03) 

.815*** 

(.18) 

.748*** 

(.139) 

 Observations 780 780 780 780 780 780 

Notes: Standard errors are in parentheses. *** p<.01, ** p<.05, * p<.1. 

In column (3), we add the dummy variable representing the city category and the 
interaction item of current cases per 100,000 people in this quarter, and estimate the 
fixed effect model with robust standard errors. The purpose of adding the interaction 
term between current cases per 100,000 people and dummy variables with city 
categories is to explore the different impacts of COVID-19 on different cities. By 
comparing column (3) and column (1), we find that there is no significant difference 
in estimates of common variables. We use the Akaike information criterion to judge 
which of columns (1), (2), and (3) is the optimal model. The results (Table 7) show that 
the AIC and BIC of column (3) are the smallest, indicating that the variables selected 
in the model represented by column (3) are appropriate. On this basis, we use Driscoll-
Kraay standard errors to establish a fixed effects model and obtain the results in column 
(4). 

Table 7. Akaike information criterion results of model 1 

Model N ll(null) ll(model) df AIC BIC 

Column (1) 780 -80.7705 251.6916 9 -485.3831 -443.4495 

Column (2) 780 -80.7705 254.1892 9 -490.3784 -448.4448 

Column (3) 780 -80.7705 254.294 9 -490.588 -448.6543 

 

Column (4) indicates that the current cases per 100,000 people have a negative 
impact on the urban economy. For each unit of current cases per 100,000 people, the 
urban per capita real GDP will decrease by 0.05%7 on average.  

 
7 exp(-0.005)-1=-0.004987521≈-0.005 
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Current cases per 100,000 people represent the severity of the current epidemic in 
the city, which will directly affect the government's control, people's consumption, and 
expectations for the future, thus adversely affecting the economy in many ways. 

When we assume that the industrial proportion is zero, the cases per 100,000 people 
in the last quarter can promote the economic development of the city (0.573 > 0). The 
rise in the infection rate last quarter will promote the Chinese government to increase 
its investment in medical and health construction in the city. It will introduce a series 
of policies to stimulate the city's economy to ensure that it can still operate on a regular 
track even under the COVID-19 pandemic. At the same time, through news, the 
Internet, and other media reports, people have deepened their understanding of the city, 
which may increase the flow of people visiting the city after the epidemic situation 
improves, growing the tourism economy, transportation economy, and catering 
economy. For example, Wuhan, the epicenter of the COVID-19 pandemic in the first 
quarter of 2020, received 18.8246 million tourists during the National Day Mid-
Autumn Festival holiday from October 1 to 8, 2020, realizing a total tourism revenue 
of 9.219 billion yuan, recovering to 83.21% and 73.18% respectively in the same 
period last year (Wuhan Municipal Bureau of culture and Tourism, 2020). During the 
New Year's Day holiday in 2021, Wuhan's cultural and tourism market continued to 
recover. According to statistics, it received 3.5828 million tourists during the holiday, 
realizing a tourism revenue of 1.378 billion yuan, an increase of 2.97% and 16.98%, 
respectively, compared with the New Year's Day holiday in 2019 (Wuhan Municipal 
Bureau of culture and Tourism, 2021). According to significant data statistics, most 
cities can control the spread of local COVID-19 pandemic within one quarter.  

The result also shows that under the assumption of the same conditions8, the GDP 
of cities with a high infection rate per 100,000 people will be higher9 than that of cities 
with a low infection rate. 

  The result in Column (4) also shows that under the environment of the COVID-19 
pandemic, the catering industry and transportation industry in each city hinders the 
development of the urban economy.  Assuming that the catering industry accounts for 

 
8 Assume that there are two cities, A and B, with average industry proportions. City B is one unit more 

current cases per 100,000 people in each period than city A. Besides, the rest are entirely consistent with 

A. 

9 𝐺𝐺𝐺𝐺𝐺𝐺
𝐵𝐵
𝑡𝑡

𝐺𝐺𝐺𝐺𝐺𝐺𝐴𝐴𝑡𝑡
= exp(−0.005 + 0.573) = exp(0.568) = 1.764734052 ≈ 1.76 
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1% of GDP, the city's GDP will decline by 25%10 for every unit increase in the cases 
per 100,000 people in the previous quarter. Similarly, assuming that the transportation 
industry accounts for 1% of GDP, the city's GDP will decrease by 8%11 for every 
increase of one unit in the cases per 100,000 people in the previous quarter. Under the 
assumption that the catering industry and transportation industry are both 1% of GDP, 
we are concerned about the impact of the cases per 100,000 people in the last quarter 
on the city's per capita real GDP growth rate. The results show that for every unit 
increase of the cases per 100,000 people in the previous quarter, the urban per capita 
real GDP growth rate will increase by 24%12, and the GDP in this period will increase 
by 27%13 compared with the last period.  

Municipal governments often determine the severity of management and control 
measures according to the city's current number of infected people. Its seriousness is 
closely related to the economic development of various industries. In short, the stricter 
the control measures, the more restrictive the economic development of multiple 
industries. Due to the lag of the impact of control measures, the impact of control 
measures which combined with the cases per 100,000 people in the previous quarter 
will jointly affect the urban economy in this quarter in combination with the actual 
situation of various industries. The catering and transportation industries are specific 
consumer industries that need many people as consumers or customers to maintain 
regular operation and development. Their cost is relatively rigid, and their sunk cost is 
high. After the epidemic outbreak, many city governments passed a ban on gatherings, 
the catering industry, and transportation industry were obviously in trouble. Since the 
COVID-19 pandemic started, many catering companies have closed their stores, their 
income has been almost cut off, their cash flow has fallen sharply, and virtually all their 
inventories have been lost, which has seriously impacted the development of the 
catering industry. The transportation industry is similar, but not the same. Reducing 
personnel mobility is unfavorable to the transportation industry. During SARS in 2003, 
roads, railways, civil aviation, and water transportation were significantly restricted. 
Because the impact of the COVID-19 epidemic is more than that of SARS, the 
epidemic will inevitably affect transportation industry more than 2003 of the 

 
10 exp(-28.345*1%)-1=-0.24681922≈-0.25 

11 exp(-5.146*1%-3.718*1%)-1=- 0.084825023≈-0.08 

12 -28.345*1%+0.573-5.146*1%=0.23809≈0.24 

13 exp(0.24)-1=0.268823382≈0.27 
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transportation industry. However, the transportation industry is a national industry, and 
the state's strong support will weaken the negative impact of the COVID-19 pandemic 
on the transportation industry to a certain extent. Despite this, cities with a large 
proportion of the catering industry or transportation industry are far more negatively 
affected than cities with a small proportion. 

On the contrary, the results show that retail industry promotes the development of 
urban economy without COVID-19 pandemic, and the impact of retail industry on 
urban economy is not significant under COVID-19 pandemic. We can note that 
assuming that retail sector accounts for 1% of the industry, the city's GDP will grow 
by 1.43%14. It is obviously that the COVID-19 control measures adopted in 2020 have 
a very significant impact on the retail sector in the short term. But compared with the 
SARS period, it spurs a transformation in part of the retail industry.  Between January 
2020 and June 2020, the total retail sales of social consumer products reached 262 
billion dollars, representing a decrease of 11.4%. Nevertheless, the growth rate is still 
higher than 7% in 2020 compared with the annual growth rate in 2019 (National Bureau 
of statistics of China, 2020). Under the influence of the COVID-19 pandemic 
environment, individual retail sales have suffered substantial losses, but e-commerce, 
supermarkets and household services have more opportunities for their development. 

  We average the daily data of the quarterly stringency index to represent the strength 
of the government's response measures. According to the results in column (4), it has 
played a positive role in promoting the urban economy. On the contrary, the stringency 
index in the previous quarter had a restraining effect on the urban economy. The 
municipal government needs to determine the strength of the control measures 
according to the specific situation of the COVID-19 pandemic in the city, and the 
impact of the control measures on the economy is lagging. In other words, the effect 
of the policies adopted in the previous quarter on the economy will appear in this 
quarter. The austerity policy itself will limit the development of the urban economy to 
a certain extent, so it shows an inhibitory effect. Similarly, this quarter stringency 
index's negative impact on the economy will not appear immediately, offering a weak 
promotion effect. 

The results of column (4) in Table 6 show an interactive effect between urban 
category and current cases per 100,000 people in megacities and coastal cities. Whether 
the city is a megacity or a coastal city, the increase of current cases per 100,000 people 
will accelerate the inhibitory effect on the urban economy. Compared with inland 

 
14 exp(1.421*1%)-1= 0.014311442≈0.0143 



5. Empirical Results  54 

cities, every unit of current cases per 100,000 people in megacities will reduce GDP 
by 6%15, while in coastal cities, it means a decrease of 10.6%16. Among them, if it is a 
coastal city, the inhibition effect will be more obvious. 

  As we all know, megacities' economic, political, and cultural development is more 
mature than that of other types of cities. Although the COVID-19 pandemic will hurt 
their economy, it is difficult to shake the mature economic structure. Coupled with the 
strong support of the Chinese government for the economy of such cities, even if the 
COVID-19 pandemic affects a wide range and has a profound impact on the overall 
economy. However, compared with other cities, the effect on megacities is weak. The 
economic development of coastal cities depends more on international import and 
export trade. Under the COVID-19 pandemic, the global import and export trade 
develops slowly and even shows negative growth. Especially at the beginning of the 
outbreak of COVID-19 in China (the first quarter of 2020), countries worldwide have 
adopted restrictive policies on China's imports, which restricts the development of 
export trade. Later, COVID-19 became a pandemic worldwide, and imported food and 
goods carried the COVID-19 virus and infected residents. To avoid a large-scale 
pandemic in China, cities (especially coastal cities) tightened import trade and 
increased inspection, thus reducing import trade volume and rising costs. The dual 
influence has restrained the development of the urban economy. 

Columns (5) and (6) show estimates of models in columns (3) and (4), the only 
difference is that they include time fixed effects. By testing the effect of the fixed time, 
we reject the null hypothesis that the joint coefficient of all quarters is equal to zero. 
That is, fixed time is necessary for this study. We only show some results of the 
regression model in this section. Please see the appendix for all results. 

At the same time, we also hope to test the robustness of the model through including 
time fixed effects. The results show that the impact direction of most variables in 
column (6) on per capita real GDP is consistent with that in column (4). Therefore, it 
can be said that our estimation model is robust. 

When we add the time fixed effect (Column (6) of Table 6), some situations become 
different. Firstly, comparing the time fixed effect model with Driscoll-Kraay standard 
errors (column (4)), the proportion of the added value of catering industry and retail 

 
15 exp(-0.059)-1=-0.057293231≈-0.06 

16 exp(-0.112)-1= -0.105955742≈-0.106 
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industry in GDP is no longer significant, that is, there is no evidence that changes in 
the catering industry and retail industry will affect the urban economy in a short time. 
It may be because the proportion of the catering and retail industries in GDP has 
increased over time which can be reflected by the time effect. At the same time, their 
interaction with current cases per 100,000 people can no longer affect the urban 
economy, either. 

Column (6) also shows that after introducing the time effects, the transportation 
industry in the non-pandemic period plays a role in promoting urban GDP. Because 
there are no apparent restrictions on traffic during the non-pandemic period, 
interprovincial, municipal, and transnational trade and travel are not controlled by 
environment conditions. The state also takes specific incentive measures in each short-
term stage to support the development of the transportation industry. However, during 
the COVID-19 pandemic, the situation is different. We assume that the number of 
COVID-19 cases does not change, with one additional percent of transportation 
industry, the urban GDP will decrease by 6%17. It indicates that the interactive items 
will be automatically adjusted to no significant difference in the total outcome. It can 
still support the previous conclusion that cities with a large proportion of the 
transportation industry are more affected by the COVID-19 pandemic.   

We also found that the cases per 100,000 people in the previous quarter are no longer 
significant under the condition of including time fixed effects. That is, all cities were 
hit at the same time.  When we only focus on a short period (a quarter), the infection 
rate of each quarter will only have an impact on the current economy. In the long run, 
combined with the measures taken by the government in the last quarter and the 
changes in the overall environment, the infection rate in the previous quarter will affect 
the economic development in the current quarter. 

When we include time fixed effects, the quarterly average value of the stringency 
index is no longer significant. The reason might be that cities impose restrictions at the 
same time, so the effect is captured by the time dummy, and this variable looses its 
significance. 

Column (6) of Table 6 also explores the impact of the COVID-19 pandemic on the 
urban economy under different urban categories by including time fixed effects. The 
conclusion is similar to those in column (4). It shows that even if we only focus on the 
short term (one quarter), different urban categories will still accelerate arrest the urban 

 
17 exp(2.497*1%-9.188*1%)-1= -0.064720627≈-0.06 
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economy with the growth of current cases per 100,000 people, of these, coastal cities 
were the most curbed. 

The results of column 3 also show that, during the SARS pandemic, assuming fixed 
COVID-19 cases, for every 1% increased in the proportion of the transportation 
industry in GDP, the GDP decreased. Column (5) shows that GDP decreased during 
the SARS pandemic when we use the fixed time effect. The negative impact of the 
SARS pandemic on urban GDP could be seen to be substantial. However, the Chinese 
urban economy quickly recovered from the end of SARS, which also added people's 
confidence to the economic recovery after the COVID-19 pandemic ended. 

5.3.2 Analysis of model 2 
As a result of the impact of the COVID-19 pandemic, import and export demand 

and global exports have decreased substantially. As a factory globally, China's import 
and export volumes are inevitably negatively affected. Although the work and 
production of various cities in China have been gradually restored, the import and 
export pressures are still noticeable, which have been affected by severe epidemics and 
economic depression abroad. Net export as an essential component of GDP, studying 
the impact of the COVID-19 pandemic on urban GDP can also be analyzed and 
interpreted side by side. 

We analyse model 2 from import and export perspective. Combined with the results 
in Table 3, Table 4, and Table 5 above, the model suffers from heteroscedasticity, 
cross-sectional correlation, and first-order autocorrelation. Therefore, we also prefer to 
estimate the fixed effect model with Driscoll-Kraay standard errors. We include time 
fixed effects based on the original model and tested the time-fixed effect when running 
the model. The results show that we can reject the zero hypothesis that the coefficients 
of all months are jointly equal to zero, whether the year-on-year growth of import or 
export is taken as the dependent variable. Therefore, time fixing is required in this case. 
Due to the first-order autocorrelation of the analysis data, we also add the lag option of 
residual. By trying, we believe that it is optimal to lag three periods in the import model 
and the export model. 

5.3.2.1 Analysis of the impact of COVID-19 on city imports 
Column (1) of Table 8 reflects the baseline model results estimated by the fixed 

effect model with cluster robustness standard error. Column (2) includes time fixed 
effectson the basis of column (1). We found that after including time fixed effects, 
many variables become significant, and the impact on the explained variable (import 
year-on-year growth rate) can be observed. Combined with the p-value of 0.0003, it 
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shows that including time fixed effects is very necessary. On this basis, we consider 
the impact of the SARS pandemic on the year-on-year growth rate of imports. We 
observed the coefficients of time dummy variables during the SARS pandemic and 
plotted the trend (Figure 22) of the time variable coefficient of dummy variables in the 
first 5 months of July 2002 (July 2002, t=20) to 5 months after December 2003 
(December 2003, t=37). Please see the appendix for the complete table. 

 

Source: Stata 

Figure 22. The trend of the model 2_import’s time dummy variables’ coefficient from July, 
2002 to December, 2003 

It took seven months from the outbreak of SARS (December 2002, t=25) to the end 
(July 2003, t=32). Figure 22 shows that the negative impact of the first month of the 
SARS outbreak on the growth rate of imports is more significant. It is because China 
implements strict control measures. But in the four months after the outbreak of SARS, 
the year-on-year growth rate of imports is still rising and maintaining a relatively high 
level, which has dropped slightly in the following three months, and the absolute sharp 
reduction occurred in the month after the end of SARS. It shows that the pandemic has 
a time lag effect on the year-on-year growth rate of imports. It is mainly due to the 
turnaround time of import contracts. The import contracts signed in the past still have 
particular effectiveness even in the outbreak stage of the epidemic. Therefore, the 
impact of the outbreak on imports will not appear in the short term. According to the 
2004 data report of the National Bureau of Statistics, in the first three quarters of 2003, 
China's total foreign trade reached 606.26 billion dollars, an increase of 36.2%. Among 
them, the import was 298.56 billion dollars, an increase of 40.5%. 
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We use the Akaike information criterion to select the optimal model in columns (1) 
and (2). The results (Table 8) show that the AIC and BIC of column (2) are less than 
column (1), indicating that the variables selected in the model represented by column 
(2) are appropriate. 

Table 8. Akaike information criterion results of model 2_import 

Model N ll (null) ll (model) df AIC BIC 

Column (1) 2,350 -267.1627 -149.0319 6 310.0639 344.6369 

Column (2) 2,350 -267.1627 325.5219 9 -633.0438 -581.1842 

 

Column (3) of Table 9 includes time fixed effects with Driscoll-Kraay standard 
errors. We also express the disturbance in t period as a function of the disturbance in 
the previous three periods  to eliminate the influence of first-order autocorrelation. 
The results show that current cases per 100,000 people will hurt the year-on-year 
growth rate of imports. After specific quantification, we find that the imports will 
decrease by 0.2% for every increase of one unit in current cases per 100,000 people. 
Column (1) shows that the year-on-year growth rate of imports under the SARS 
pandemic remained positively increasing. It is consistent with the initial analysis in this 
section. Indicating that the turnaround time of import contracts pushed back the 
appearance of the negative impact of the SARS pandemic on urban imports. Compared 
with SARS, COVID-19 has a little different impact. COVID-19 has spread worldwide, 
seriously affecting the development of the import and export industry. The global 
COVID-19 pandemic has dramatically affected the international trade of all countries, 
and China is no exception. With the in-depth study of the COVID-19 pandemic, many 
scholars found that in addition to the human body, animals and fresh food can also 
carry the COVID-19 virus, especially low-temperature refrigerated or frozen food 
suitable for the COVID-19 virus living environment. In June 2020, local infection 
broke out in Beijing because imported salmon carrying the COVID-19 virus were sold 
on the market. In October 2020, Qingdao tested the city's personnel because the 
employees of the cold port storage were infected with COVID-19 because they came 
into contact with goods carrying the COVID-19 virus during their employment. Due 
to the continuous outbreak of local cases caused by international imports, the municipal 
government had to tighten management policies and strengthen monitoring, thus 
increasing the cost of testing and screening. Strict guidelines and measures, coupled 
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with the sharp increase in cost expenditure, have brought a heavy blow to the import 
trade economy. 

  Table 9. Model 2_import: year-on-year growth rate of import 

      (1)   (2)   (3)   (4)   (5) 

Standard Errors Robust Robust Driscoll-Kraay Driscoll-Kraay Driscoll-Kraay 

Time Effects No Yes Yes Yes Yes 

Disturbance term lags No No Yes Yes Yes 

 importlag -.002*** 

(0) 

-.001** 

(0) 

-.001*** 

(0) 

-.001*** 

(0) 

-.001*** 

(0) 

 covid19 -.001 

(.001) 

-.002* 

(.001) 

-.002*** 

(0) 

-.004*** 

(.001) 

-.004*** 

(.001) 

 covid19prev3months .001 

(.001) 

.008* 

(.004) 

.008*** 

(.001) 

.008*** 

(.001) 

.008*** 

(.001) 

 siaverage 0 

(.001) 

-.004 

(.005) 

-.004 

(.004) 

-.004 

(.004) 

 

 siaverageprev3months .001 

(.001) 

.004 

(.005) 

.004 

(.003) 

.004 

(.003) 

 

 dsars .134*** 

(.037) 

    

 dcoastalcovid19    -.502*** 

(.129) 

-.509*** 

(.147) 

 dmegacovid19    -.177* 

(.104) 

-.177* 

(.104) 
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 dmegacitySARS    -.017 

(.079) 

 

 dcoastalSARS    .098 

(.093) 

 

 _cons .201*** 

(.02) 

.085 

(.078) 

.579* 

(.317) 

.707** 

(.31) 

-.05*** 

(.015) 

 Observations 2350 2350 2350 2350 2350 

Standard errors are in parentheses *** p<.01, ** p<.05, * p<.1 

We can also note that the average value of the cases per 100,000 people in the 
previous three months can promote the growth of urban import trade. On the one hand, 
as mentioned above, import trade is closely related to the international environment. 
The municipal governments have always been cautious about import trade, adopted 
tightening policies, and adjusted at any time according to the global environment and 
domestic situation. The infection rate will be the primary basis for the government to 
take measures, which will have an immediate impact on preventing the spread of the 
COVID-19 virus. The effects on the economy are lagging. On the other hand, the 
average value of cases per 100,000 people in the previous three months represent the 
strength of the COVID-19 epidemic in the past three months. The larger it is, the more 
serious the epidemic is. |Previous measures taken in the past make current economic 
situation better.  Therefore, the average infection rate in the previous three months 
will promote the import trade. 

In column (4) of Table 9, we added dummy variables with city types based on 
column (3) to test the different year-on-year growth rates of imports to different city 
types under the COVID-19 pandemic. Similar to model 1, we pay more attention to the 
impact of their interaction with current cases per 100,000 people this month on the 
year-on-year growth rate of imports. The results show that with the increase of current 
cases per 100,000 people, the inhibitory effect on the year-on-year growth rate of 
imports of megacities and coastal cities can be increased. Specifically, for each 
additional unit of current cases per 100,000 people, the imports in coastal cities will 
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decrease by 40%18, and that in megacities will decline by 16%19.  On the one hand, 
as mentioned above, coastal cities mainly rely on import and export trade to develop 
their economy. On the other hand, to prevent COVID-19 from spreading locally in 
imported goods, the coastal city government has increased the detection and 
troubleshooting of the main ports and imported goods staff, resulting in many costs. 
The sources of economic development in megacities are diverse. Although the 
COVID-19 pandemic will impede the growth of import trade, the impact is far lower 
than that in coastal cities. 

Column (5) of Table 9 is the result obtained after deleting all insignificant variables 
in column (4). We also use it to test the robustness of the model. Comparing columns 
(5) and (4), we find that the coefficient directions of the same variables are the same, 
and the coefficient size changes little (only the coefficient of dcostalcovid19 changes 
slightly), indicating that our model is very robust. 

5.3.2.2 Analysis of the impact of COVID-19 on city exports 
Similar to the analysis of the impact of the COVID-19 pandemic on the year-on-year 

growth rate of imports, column (1) of Table 10 is the result of the baseline model 
estimated by the fixed effect model with cluster robustness standard error, and column 
(2) adds the time fixed effect based on column (1). In Table 13, we get a p-value of 
0.0014, which shows that it is essential to use time fixed effects in the model to study 
the impact of the COVID-19 pandemic on the year-on-year growth rate of exports. 
First of all, we jointly analyze the effect of the SARS pandemic on the year-on-year 
growth rate of exports in conjunction with sections 1 and 2. Due to the lack of specific 
infection data for the pandemic period of SARS, similar to the analysis of imports, we 
still focus on the trend of time dummy variable coefficient before and after the SARS 
outbreak. We choose to observe the time dummy variable coefficient from July 2002 
(t = 20) to December 2003 (t = 37) and draw Figure 23. 

 
18 exp(-0.502)-1=-0.394681189≈-0.40 

19 exp(-0.177)-1=-0.162220215≈-0.16 
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Source: Stata 

Figure 23. The trend of the model 2_export’s time dummy variables’ coefficient from 
July, 2002 to December, 2003 

Figure 23 shows that the common trend in growth rate for all the cities in the first 
month (December 2002) of SARS showed a clipping decline, but the export growth 
rate continued to show an upward trend in the next four months. Similar to imports, the 
main reason is also due to the inevitable transaction cycle. When considering the more 
significant impact of the pandemic on exports, we should take the lag effect into 
account. We found that the year-on-year growth rate of exports began to decline in July 
2003, indicating that the impact of the SARS pandemic on exports started to show. 
Relevant statistics from China's National Bureau of statistics also support this view. 
From January 2003 to June 2003, China's exports increased by 34% over the past year, 
especially in the second quarter of the SARS epidemic (April 2003 to June 2003). The 
year-on-year growth rate remains above 30%, far higher than the target set at the 
beginning of the year and far higher than the prediction of many experts (National 
Bureau of statistics, 2004). 

We use the Akaike information criterion to select the optimal model in columns (1) 
and (2). The results (Table 10) show that the AIC and BIC of column (2) are less than 
column (1), indicating that the variables selected in the model represented by column 
(2) are appropriate. 

 

Table 10. Akaike information criterion results of model 2_export 
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Model N Ll (null) Ll (model) df AIC BIC 

Column (1) 2,350 -90.11891 83.69371 6 -155.3874 -120.8144 

Column (2) 2,350 -90.11891 636.4498 9 -1254.9 -1203.04 

 

Table 11. Model 2_export: year-on-year growth rate of export 

 (1) (2) (3) (4) (5) 

Standard Errors Robust Robust Driscoll-Kraay Driscoll-Kraay Driscoll-Kraay 

Time Effect No Yes Yes Yes Yes 

Disturbance term lags No No Yes Yes Yes 

exportlag -.003*** 

(.001) 

-.001*** 

(0) 

-.001*** 

(0) 

-.001*** 

(0) 

-.001*** 

(0) 

covid19 -.01*** 

(.001) 

-.008*** 

(.001) 

-.008*** 

(0) 

-.009*** 

(0) 

-.009*** 

(0) 

covid19prev3months -.012*** 

(.001) 

-.01*** 

(.001) 

-.01** 

(.005) 

-.01** 

(.005) 

-.011** 

(.005) 

siaverage -.004*** 

(.001) 

0 

(.002) 

0 

(.002) 

0 

(.002) 

 

siaverageprev3months .006*** 

(.001) 

-.003 

(.003) 

-.003 

(.003) 

-.003 

(.002) 

 

dsars .074* 

(.034) 

    

dcoastalcovid19    -.228** 

(.114) 

-.174 

(.13) 
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dmegacovid19    -.075 

(.061) 

 

dmegacitySARS    .059 

(.053) 

 

dcoastalSARS    .102** 

(.04) 

.077*** 

(.023) 

_cons .221*** 

(.032) 

.114** 

(.046) 

-.322** 

(.162) 

-.265* 

(.142) 

-.302*** 

(.023) 

Observations 2350 2350 2350 2350 2350 

Standard errors are in parentheses *** p<.01, ** p<.05, * p<.1 

 
Column (3) of Table 11 shows the results of the time fixed effect model with 

Driscoll-Kraay standard errors. At the same time, we let the disturbance in t period as 
a function of the disturbance in the previous three periods  to eliminate the influence 
of first-order autocorrelation. We found that current cases per 100,000 people will 
obstruct the year-on-year growth rate of exports. Specifically, for each unit of current 
cases per 100,000 people, the exports will decrease by 0. 8%. There are three main 
reasons for this result: 

Firstly, COVID-19 pandemic broke out in Wuhan in January 2020, and the infection 
scope and impact continued to expand. Countries have tightened import policies for 
Chinese products. In other words, China's domestic exports have been greatly affected. 

Secondly. China's domestic cities have stopped production on a large scale, reducing 
the productivity of export products, thus reducing the city's export volume. 

Thirdly, internationally, the rise of US trade protectionism has triggered trade 
tensions among the world's major economies. 

The disadvantages of the COVID-19 pandemic and the current international trade 
situation led to trade tension, and the year-on-year growth rate of exports decreased. 
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   Column (3), Table 11 also shows that the average value of the cases per 100,000 
people in the previous three months inhibited the growth of the year-on-year growth 
rate of urban exports. It is opposite to the impact on the year-on-year growth rate of 
imports in column (1), Table 9. The reason may be that the export volume of each city 
depends on the trade policies of other countries in the international market towards 
China, which cannot be interfered with and decided by the Chinese government and 
the city governments. In addition, the COVID-19 pandemic forced many factories to 
shut down, and the long-term adverse effects of the decline in production quantity and 
efficiency can also significantly limit the city's export volume. Therefore, the higher 
the average value of the cases per 100,000 people in the previous three months, the 
deeper the town is affected by the epidemic, the more difficult it is to export. The result 
shows that as the average value of the cases per 100,000 people in the previous three 
months increases by one unit, the city's exports will decrease by 1%. 

   Column (4) of Table 11 adds dummy variables with city categories based on 
column (3). It interacts the dummy variables with city categories with variables related 
to the pandemic to explore the impact of the pandemic on the year-on-year growth rate 
of exports of different city categories. We observed that the effects of the SARS and 
COVID-19 pandemic on the megacity's export growth rate were insignificant. It is still 
due to the diversity of the economic composition of megacities. Compared to 
megacities, the growth rate of the coastal cities' exports will be negatively affected by 
the pandemic, whether in the SARS or COVID-19 pandemic. The results of column 
(3) show that the SARS pandemic will promote the year-on-year growth rate of exports 
in the coastal city. Because the number of infected persons in the SARS pandemic 
period is not available, we have to add the dummy variable related to SARS to represent 
whether SARS occurs. The results also showed that the COVID-19 pandemic would 
accelerate the inhibition of exports of coastal cities. Specifically, for each unit increase 
in current cases per 100,000 people, the exports from coastal cities will be 20%20 
lower than in inland cities. It is mainly due to the high dependence of coastal towns on 
import and export trade. 

    Combined with tables 9 and 11, we can compare and summarize the impact of the 
COVID-19 pandemic on imports and exports. Firstly, current cases per 100,000 people 
harm the city's import and export. However, the effect on exports is significantly 
higher21 than that on imports. Secondly, without introducing the city category, the 

 
20 exp(-0.228)-1=-0.20387574≈-0.20 

21 0.8%>0.2% 
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average value of cases per 100,000 people in the previous three months has the opposite 
effect on import and export. It shows that the measures taken in the past can make the 
current import economy better, while the suspension of production has seriously 
damaged the export trade. Third, under the COVID-19 pandemic, the impact of coastal 
cities' import and export is much higher than that of other cities due to the excessive 
dependence of coastal cities on the economic structure of import and export trade. In 
coastal cities, the impact on imports is almost twice22 that on exports because imports 
increase many testing costs relative to exports. 

  Column (5) of Table 11 is the final result obtained by excluding insignificant 
variables based on column (4). We use it to verify the robustness of our export model. 
The results show that the direction of each variable is the same, and the coefficient 
changes slightly, but the interaction between the dummy variable representing the 
category of coastal cities and the current cases per 100,000 people of the city becomes 
no longer noticeable. It shows that under the existing variables, this result cannot prove 
that the interaction between the two can affect the year-on-year growth rate of the city's 
exports. In addition, we can admit that our model is robust. 

 

 

 
22 40%/20%=2 
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6. Conclusion 

The purpose of this thesis is to analyze and quantify the impact of COVID-19 on 
China's city economy and import and export. The study sample includes 10 Chinese 
cities, which are divided into megacities (Beijing, Shanghai, and Shenzhen), coastal 
cities (Qingdao, Tianjin, and Xiamen), and inland cities (Wuhan, Chengdu, Jinan, and 
Harbin) according to their geographical location and economic development level. We 
use tables, line charts, and a series of estimation methods to visualize critical indicators, 
including the actual per capita GDP of the city, the year-on-year growth rate of import 
and export, current cases per 100,000 people and its lag, the proportion of various 
industries (catering, transportation, and retail) in GDP, and the strictness of policies 
and measures. We use the fixed effect model with clustering robustness standard error 
and the fixed effect model with Driscoll-Kraay standard errors to effectively solve the 
existing regression problems: cross-sectional correlation, sequence correlation and 
heteroscedasticity, so as to improve the quality of research estimation. We test the 
robustness by using time fixed effects based on the regression of the original model. 

The empirical results show that the COVID-19 pandemic has inhibitory effects on 
the urban economy and urban import and export to varying degrees. Specifically, the 
current cases per 100,000 people of each city in the current month or quarter will 
obstruct the real per capita GDP and the year-on-year growth rate of import and export 
of the town. It is mainly related to the restrictive measures taken by the municipal 
government according to the specific situation of the pandemic and the impact of the 
international pandemic environment. We also found that the lagged cases per 100,000 
people have different influence directions on each explained variable. The infection 
rate of last quarter will promote the growth of the urban economy, which is inseparable 
from the national medical and health construction and investment support. The average 
infection rate in the previous three months will promote urban imports and hinder city 
exports. The shutdown will lead to the decline of domestic production and living 
capacity, and it is necessary to increase the imports of certain goods to meet the 
corresponding demand. And the more serious the epidemic situation is, the more other 
international countries will tighten their imports policy to countries with a severe 
epidemic situation. Therefore, the higher the average infection rate in the first three 
months of the city, the more difficult it is to export. 
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The empirical results also show that the epidemic control measures taken by the 
municipal governments will affect the urban economy to a certain extent. As the impact 
of epidemic control measures on the economy lags, the negative impact of the 
stringency index lagging behind for one period on the economy will be reflected in this 
period. When we use time fixed effects, the effect of the strictness of control measures 
on the urban economy and import and export is not significant, indicating that the 
strictness of control measures has little correlation with the urban economy in a short 
period, proving the lag effects of control measures. 

When we further consider the different types of cities, the empirical results show 
that although the COVID-19 pandemic will hurt the economy, import, and export of 
all cities, it will significantly impact coastal cities. It is mainly because coastal cities 
are highly dependent on import and export trade, and net export is one of the main 
factors to measure a city's GDP. The impact of the COVID-19 pandemic on import and 
export has increased the effect on the economy of coastal cities. At the same time, due 
to the frequent occurrence of imported goods carrying the COVID-19 virus and local 
infection, the municipal government of coastal cities had to strengthen the inspection 
of personnel and goods in major ports, which increased a lot of cost expenditure and 
increased the adverse impact on the urban economy. The economic development of 
megacities and inland cities does not mainly rely on import and export trade. Therefore, 
the effect is slightly less than that of coastal cities. 

We also hope to provide some policy suggestions for urban economic recovery under 
the current COVID-19 epidemic through the impact of SARS on China's urban 
economy. First of all, it should be clear that the SARS pandemic and COVID-19 
pandemic are not the same, and their influence on China's citizens and city economy is 
also very different. Although the SARS virus has a more significant infection and 
stronger lethality than the COVID-19 virus, SARS has not caused a worldwide 
pandemic, and the duration is much less than COVID-19. It is also the most significant 
difference between the SARS pandemic and the COVID-19 epidemic. The empirical 
results show that the impact of the SARS epidemic on import and export and city 
economy has a time lag effect. It also reminds the municipal government that when 
formulating relevant policies and measures, it should consider the impact of the 
pandemic on the current economy and consider its lag effect. 

The policy implications we get from the research results are: first, shorten the impact 
of the lag effect. The epidemic is bound to damage the economic development of cities. 
All municipal governments should try their best to reduce the lag effect of the 
epidemic, strengthen positive publicity, eliminate adverse effects, and prevent short-
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term effects from becoming long-term effects. Second, strengthen the financial support 
of finance, taxation, and finance for enterprises, strengthen the financial support for 
catering, transportation, tourism, and other industries, and give tax preference to 
industries with the serious epidemic situation. Third, further, expand consumption, 
expand domestic demand and ensure economic growth. Pay attention to guiding and 
changing consumers' consumption mode and improving consumers' marginal 
consumption tendency. Fourth, on the premise of strictly controlling the epidemic 
prevention and control requirements, support and organize all kinds of enterprises to 
resume work and production, focusing on the overall coordination of prevention and 
control materials, medical materials, transportation, and the supply of raw materials. 
Fifth, the epidemic limits the market demand for specific categories and gives birth to 
the demand for other categories. Therefore, the transformation of some industries is 
imminent. 
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Appendix A: List of Variables 

• city – The observed city. Ten in total. They are Beijing, Shanghai, Shenzhen, 
Qingdao, Tianjin, Xiamen, Wuhan, Chengdu, Jinan, Harbin. 
 

• megacity - It is characterized by rapid economic development and high national 
support. The economy is highly related to the international economy, with a large 
scale of import and export trade and investment, and a large international 
population flow. Include Beijing, Shanghai, Shenzhen. 

 
• coastal city - It is characterized by coastal areas, relying on port trade, and deeply 

affected by import and export. Include Qingdao, Tianjin, Xiamen. 
 
• Inland city – It is characterized by inland areas. Include Wuhan, Chengdu, Jinan, 

Harbin. 
 
• lnrgdp - The current value of each city's per capita real GDP growth rate. 
 
• rgdplag - Lag one period of the current value of each city’s per capita real GDP. 
 
• procgdp - The average value of the nominal value of catering in each city in the 

past four quarters as a proportion of the city's nominal GDP in the same period. 
 
• protgdp - The average value of the nominal value of transportation in each city in 

the past four quarters as a proportion of the city's nominal GDP in the same period. 
 
• prorgdp - The average value of the nominal value of retail industry in each city in 

the past four quarters as a proportion of the city's nominal GDP in the same period. 
 
• covid19 - The current cases of COVID-19 per 100,000 people. 
 
• covid19prev1quarter - Lag one quarter of the cases of COVID-19 per 100,000 

people. 
 
• siaverage - The average value of the stringency index. 
 
• siaverageprev1quarter - Lag one quarter of the average value of the stringency 

index. 
 
• lnimport - The year-on-year change percentage of real imports. 
 
• lnexport – The year-on-year change percentage of real exports. 
 
• importlag – Lag twelve periods of the real imports. 
 
• exportlag – Lag twelve periods of the real exports. 
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• covid19prev3months – Average value of the cases of COVID-19 per 100,000 

people in the last three months. 
 
• siaverageprev3months - Average value of stringency index average value in the 

last three months. 
 
• dsars – Dummy variable of SARS. 
 
• dmegacity – Dummy variable of megacity. 
 
• dcoastal – Dummy variable of coastal city. 
 
• d1stquarter – Dummy variable of the first quarter. 
 
• procgdpcovid19prev1quarter - Interaction items of ‘procgdp’ and 

‘covid19prev1quarter’. 
 
• protgdpcovid19prev1quarter – Interaction items of ‘protgdp’ and 

‘covid19prev1quarter’. 
 
• prorgdpcovidprev1quarter – Interaction items of ‘prorgdp’ and 

‘covid19prev1quarter’. 
 
• procgdpcovid19 – Interaction items of ‘procgdp’ and ‘covid19’. 
 
• protgdpcovid19 – Interaction items of ‘protgdp’ and ‘covid19’. 
 
• prorgdpcovid19 – Interaction items of ‘prorgdp’ and ‘covid19’. 
 
• dsars#c.procgdp – Interaction items of ‘dsars’ and ‘procgdp’. 
 
• dsars#c.protgdp – Interaction items of ‘dsars’ and ‘protgdp’. 
 
• dsars#c.prorgdp – Interaction items of ‘dsars’ and ‘prorgdp’. 
 
• dmegacitycovid19 – Interaction items of ‘dmegacity’ and ‘covid19’. 
 
• dcoastalcovid19 – Interaction items of ‘dcoastal’ and ‘covid19’. 
 
• dmegacitySARS – Interaction items of ‘dmegacity’ and ‘dsars’. 
 
• dcoastalSARS – Interaction items of ‘dcoastal’ and ‘dsars’. 
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Appendix B: Specific estimation 
methods for data 

Because specific data were not available for cities other than Beijing, Shanghai, 
Tianjin, the estimation needed to be done with relevant data from each province. We 
choose to use the proportion of the population of those cities in their provinces for 
estimation. We all select the relevant data disclosed in the 2020 China census report 
and assume this proportion is fixed. (Table 12) 

Table 12. Proportion of the population of non-municipalities in their provinces 

 

Source: National Bureau of Statistics 

To estimate the quarterly data of each province through the quarterly data of China 
as well as the annual data of each province, we choose to calculate the average value 
of the cumulative data of each province at the end of this year and the end of last year 
in the cumulative data of China. Then the quarterly cumulative data of China in the 
same period is multiplied by the corresponding proportion to calculate the quarterly 
cumulative data of each province. Finally, the quarterly cumulative data of each city 
is estimated according to the proportion of the city's population, and then the current 
quarterly value of each city is obtained. 

𝑝𝑝𝑠𝑠𝑐𝑐𝑝𝑝𝑐𝑐𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑛𝑛

=

𝑝𝑝𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠−1 
𝐶𝐶ℎ𝑐𝑐𝑛𝑛𝑠𝑠′𝑠𝑠 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠−1

+ 𝑝𝑝𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐𝑠𝑠𝑝𝑝 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠
𝐶𝐶ℎ𝑐𝑐𝑛𝑛𝑠𝑠′𝑠𝑠𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠

2
 

𝑄𝑄𝑢𝑢𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑝𝑝𝑦𝑦 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠 𝑐𝑐𝑛𝑛 𝑠𝑠𝑠𝑠𝑐𝑐ℎ 𝑝𝑝𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑠𝑠𝑠𝑠=
𝑄𝑄𝑢𝑢𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑝𝑝𝑦𝑦 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠 𝑐𝑐𝑖𝑖 𝐶𝐶ℎ𝑐𝑐𝑛𝑛𝑠𝑠𝑠𝑠*proportion 

City Province City's population(million) Province's population(million) proportion
Beijing - - - -

Shanghai - - - -
Shenzhen Guangdong 13.4338 115.21 11.660%
Qingdao Shandong 9.4998 100.7021 9.434%
Tianjin - - - -
Xiamen Fujian 3.531347 39.73 8.888%
Wuhan Hubei 11.212 58.515 19.161%

Chengdu Sichuan 16.581 93.74 17.688%
Jinan Shandong 8.9087 100.7021 8.847%

Harbin Heilongjiang 10.635971 38.312224 27.761%
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𝑄𝑄𝑢𝑢𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑝𝑝𝑦𝑦 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠 𝑐𝑐𝑛𝑛 𝑠𝑠𝑠𝑠𝑐𝑐ℎ 𝑐𝑐𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑐𝑐𝑛𝑛 𝑐𝑐𝑐𝑐𝑡𝑡𝑦𝑦𝑠𝑠 = 
𝑄𝑄𝑢𝑢𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑝𝑝𝑦𝑦 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑑𝑑𝑠𝑠𝑡𝑡𝑠𝑠 𝑐𝑐𝑛𝑛 𝑠𝑠𝑠𝑠𝑐𝑐ℎ 𝑝𝑝𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑠𝑠𝑠𝑠 * the population of this city 

accounts for the proportion of its province 

𝑄𝑄𝑢𝑢𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑝𝑝𝑦𝑦 𝑐𝑐𝑢𝑢𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑡𝑡 𝑐𝑐𝑠𝑠𝑝𝑝𝑢𝑢𝑠𝑠𝑖𝑖,𝑠𝑠 = 𝑄𝑄𝑢𝑢𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑝𝑝𝑦𝑦 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑐𝑐𝑠𝑠𝑝𝑝𝑢𝑢𝑠𝑠𝑖𝑖,𝑠𝑠 - 
𝑄𝑄𝑢𝑢𝑠𝑠𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠 𝑐𝑐𝑢𝑢𝑚𝑚𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑠𝑠 𝑐𝑐𝑠𝑠𝑝𝑝𝑢𝑢𝑠𝑠𝑖𝑖,𝑠𝑠−1 

We assume that the CPI and quarterly GDP deflator of each month in the same 
year remain unchanged, and the nominal value is corrected to the real value through 
the annual CPI and GDP deflator. 

𝑅𝑅𝑠𝑠𝑠𝑠𝑝𝑝 𝐺𝐺𝐺𝐺𝐺𝐺 =
𝑁𝑁𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑠𝑠𝑝𝑝 𝐺𝐺𝐺𝐺𝐺𝐺 ∗ 100

𝐺𝐺𝐺𝐺𝐺𝐺 𝑑𝑑𝑠𝑠𝑖𝑖𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑠𝑠
 

𝑅𝑅𝑠𝑠𝑠𝑠𝑝𝑝 𝑐𝑐𝑚𝑚𝑝𝑝𝑐𝑐𝑠𝑠𝑡𝑡 𝑐𝑐𝑠𝑠 𝑠𝑠𝑥𝑥𝑝𝑝𝑐𝑐𝑠𝑠𝑡𝑡 =
𝑁𝑁𝑐𝑐𝑚𝑚𝑐𝑐𝑛𝑛𝑠𝑠𝑝𝑝 𝑐𝑐𝑚𝑚𝑝𝑝𝑐𝑐𝑠𝑠𝑡𝑡 𝑐𝑐𝑠𝑠 𝑠𝑠𝑥𝑥𝑝𝑝𝑐𝑐𝑠𝑠𝑡𝑡 ∗ 100

𝐶𝐶𝐺𝐺𝐼𝐼
 

We use the population proportion of each non-municipality directly under the 
central government in its provinces and cities to estimate the cumulative number of 
COVID-19 infections in each town and then obtain the monthly or quarterly current 
cases. Combine with the urban population disclosed in the China census report 
released in May 2021 (Table 13) to calculate the current cases per 100,000 people. 

𝐶𝐶𝑢𝑢𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑡𝑡 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑠𝑠𝑠𝑠 100,000 𝑝𝑝𝑠𝑠𝑐𝑐𝑝𝑝𝑝𝑝𝑠𝑠𝑖𝑖,𝑠𝑠 =
𝐶𝐶𝑢𝑢𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑡𝑡 𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖,𝑠𝑠 ∗ 100,000

𝑈𝑈𝑠𝑠𝑈𝑈𝑠𝑠𝑛𝑛 𝑝𝑝𝑐𝑐𝑝𝑝𝑢𝑢𝑝𝑝𝑠𝑠𝑡𝑡𝑐𝑐𝑐𝑐𝑛𝑛𝑖𝑖,𝑠𝑠
 

Table 13. Urban population in 2020 

 

Source: China census report released in May 2021 

 

City Population
Beijing 21,893,095

Shanghai 24,870,895
Shenzhen 17,560,061
Qingdao 10,071,722
Tianjin 13,866,009
Xiamen 5,163,970
Wuhan 12,326,518

Chengdu 20,937,757
Jinan 9,202,432

Harbin 10,009,854
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Appendix C: Complete results of 
regression model 

 Hausman Test 
 

Test:  H0:  difference in coefficients not systematic 

Model 1 Model 2_import Model 2_export 

Prob>𝜒𝜒2 =      0.0000 Prob>𝜒𝜒2 =      0.0000 Prob>𝜒𝜒2 =      0.0000 

(𝑉𝑉𝑏𝑏-𝑉𝑉𝐵𝐵 is not positive definite) (𝑉𝑉𝑏𝑏-𝑉𝑉𝐵𝐵 is not positive definite) (𝑉𝑉𝑏𝑏-𝑉𝑉𝐵𝐵 is not positive definite) 

 

 Results of testing the effect of fixed time of model 1 
 

FE_robust_Timefixed FE_DK_Timefixed 

F (9,9) =    3.77 F (13, 77) =   4.1e+05 

Prob > F =    0.0304 Prob > F =    0.0000 

 

 Results of testing the time fixed effects of model 2 
 

Model 2_import_FErobust_Timefixed Model 2_export_FErobust_Timefixed 

F (9, 9) =   13.66 

Prob > F =   0.0003 

F (9,9) =   9.23 

Prob > F =    0.0014 

 

 Model 1: real GDP per capita growth 
 

 (1) (2) (3) (4) (5) (6) 

Standard Error Robust Robust Robust Driscoll-
Kraay 

Robust Driscoll-
Kraay 
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Fixed Time Effects No No No No Yes Yes 

Rgdplag 0*** 0*** 0*** 0*** 0*** 0*** 

 (0) (0) (0) (0) (0) (0) 

procgdp -3.212 -2.873 -2.989 -2.989 -1.533 -1.533 

 (2.818) (2.967) (2.983) (2.17) (4.33) (2.068) 

protgdp -3.35** -3.763** -3.718** -3.718*** 2.497 2.497** 

 (1.382) (1.542) (1.515) (.702) (1.701) (1.133) 

prorgdp 1.341** 1.423** 1.421** 1.421*** -.666 -.666 

 (.555) (.579) (.57) (.203) (.632) (.41) 

covid19 -.004*** .042 -.005*** -.005*** -.004*** -.004*** 

 (.001) (.34) (.001) (0) (.001) (.001) 

covid19prev1quarter .004*** .572*** .573*** .573*** .527 .527 

 (0) (.169) (.16) (.118) (.335) (.338) 

d1stquarter -.407*** -.406*** -.407*** -.407*** -1.002*** -.105 

 (.042) (.042) (.043) (.025) (.208) (.229) 

dsars -.028** -.139** -.136** -.136 -.483*** -.27 

 (.011) (.048) (.049) (.125) (.123) (.172) 

siaverage .003* .004** .004** .004*** -.001 -.001 

 (.001) (.002) (.001) (.001) (.002) (.003) 

siaverageprev1quarte
r 

-.001 -.002 -.002 -.002*** 0 0 

 (.001) (.001) (.001) (.001) (.002) (.003) 

procgdpcovid  -28.79** -28.345** -28.345*** -19.695 -19.695 
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  (9.218) (9.142) (7.021) (15.862) (20.515) 

protgdpcovid19prev
1quarter 

 -4.971*** -5.146*** -5.146*** -9.188** -9.188*** 

  (1.456) (1.412) (.906) (3.046) (2.497) 

prorgdpcovid19prev
1quarter 

 .006 -.056 -.056 .681 .681 

  (.641) (.534) (.36) (.774) (.753) 

procgdpcovid19prev
1quarter 

 .713     

  (18.612)     

protgdpcovid19  -1.215     

  (4.326)     

prorgdpcovid19  -.65     

  (.876)     

0bn.dsars#c.procgdp       

       

1.dsars#c.procgdp  3.79 3.722 3.722 -4.502 -4.502 

  (3.615) (3.628) (10.726) (4.246) (10.162) 

0bn.dsars#c.protgdp       

       

1.dsars#c.protgdp  2.881* 2.813* 2.813 -2.054 -2.054 

  (1.384) (1.401) (2.016) (1.485) (2.011) 

0bn.dsars#c.prorgdp       

       



Appendix C: Complete results of regression model  81 

1.dsars#c.prorgdp  -1.33 -1.299 -1.299 1.174 1.174 

  (1.086) (1.104) (1.916) (1.356) (1.761) 

dmegacitycovid19   -.059* -.059*** -.045 -.045** 

   (.032) (.019) (.033) (.021) 

dcoastalcitycovid19   -.112 -.112*** -.136 -.136*** 

   (.086) (.027) (.145) (.025) 

5bn.t      -.831*** 

      (.26) 

6.t     -.555*** -.488*** 

     (.139) (.142) 

7.t     -.606*** -.539*** 

     (.147) (.137) 

8.t     .146  

     (.1)  

9.t     .575*** -.469** 

     (.152) (.228) 

10.t     .061* -.085*** 

     (.031) (.008) 

11.t      -.146*** 

      (.013) 

12.t     -.32*** -.254* 

     (.097) (.128) 

13.t     -.049 -.88*** 
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     (.071) (.249) 

14.t     -.469** -.402*** 

     (.154) (.132) 

15.t     -.6*** -.534*** 

     (.139) (.125) 

16.t     -.336** -.269** 

     (.105) (.124) 

17.t     .008 -.823*** 

     (.067) (.247) 

18.t     -.442** -.375*** 

     (.144) (.13) 

19.t     -.548*** -.481*** 

     (.149) (.124) 

20.t     -.445*** -.378*** 

     (.1) (.122) 

21.t     .186* -.645** 

     (.085) (.249) 

22.t     -.397** -.33*** 

     (.139) (.125) 

23.t     -.554*** -.487*** 

     (.121) (.115) 

24.t     -.459*** -.393*** 

     (.124) (.113) 
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25.t     .18 -.651** 

     (.109) (.248) 

26.t     -.367** -.3** 

     (.133) (.119) 

27.t     -.525*** -.458*** 

     (.119) (.11) 

28.t     -.436*** -.37*** 

     (.125) (.108) 

29.t     .211* -.62** 

     (.106) (.245) 

30.t     -.329** -.263** 

     (.125) (.115) 

31.t     -.517*** -.451*** 

     (.121) (.103) 

32.t     -.455*** -.388*** 

     (.12) (.103) 

33.t     .269* -.562** 

     (.125) (.244) 

34.t     -.328** -.261** 

     (.124) (.109) 

35.t     -.46*** -.394*** 

     (.116) (.099) 

36.t     -.279* -.213** 
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     (.134) (.097) 

37.t     .171 -.66*** 

     (.149) (.235) 

38.t     -.313** -.247** 

     (.133) (.105) 

39.t     -.435*** -.369*** 

     (.127) (.094) 

40.t     -.329** -.262*** 

     (.124) (.091) 

41.t     .308* -.523** 

     (.139) (.236) 

42.t     -.264* -.197** 

     (.131) (.099) 

43.t     -.401*** -.334*** 

     (.123) (.086) 

44.t     -.305** -.239*** 

     (.114) (.084) 

45.t     .338** -.493** 

     (.148) (.233) 

46.t     -.249* -.183* 

     (.124) (.093) 

47.t     -.39*** -.324*** 

     (.118) (.08) 
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48.t     -.231* -.164** 

     (.12) (.08) 

49.t     .372** -.459** 

     (.156) (.229) 

50.t     -.241* -.175** 

     (.121) (.088) 

51.t     -.34** -.273*** 

     (.12) (.076) 

52.t     -.194 -.127* 

     (.109) (.074) 

53.t     .375* -.456** 

     (.166) (.227) 

54.t     -.209 -.142* 

     (.124) (.084) 

55.t     -.309** -.243*** 

     (.122) (.071) 

56.t     -.14 -.073 

     (.108) (.07) 

57.t     .415** -.416* 

     (.174) (.224) 

58.t     -.183 -.116 

     (.118) (.08) 

59.t     -.28** -.214*** 
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     (.122) (.068) 

60.t     -.15 -.084 

     (.11) (.067) 

61.t     .506** -.324 

     (.171) (.224) 

62.t     -.176 -.11 

     (.116) (.074) 

63.t     -.234* -.167** 

     (.121) (.064) 

64.t     -.107 -.04 

     (.114) (.062) 

65.t     .551** -.28 

     (.181) (.222) 

66.t     -.219* -.152** 

     (.113) (.07) 

67.t     -.193 -.127* 

     (.112) (.065) 

68.t     -.066 0 

     (.118) (.061) 

69.t     .612*** -.219 

     (.18) (.22) 

70.t     -.154 -.088 

     (.118) (.064) 
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71.t     -.178 -.111* 

     (.122) (.057) 

72.t     -.224 -.158*** 

     (.204) (.056) 

73.t     .722*** -.109 

     (.178) (.222) 

74.t     -.142 -.075 

     (.121) (.063) 

75.t     -.159 -.093 

     (.123) (.057) 

76.t     -.173 -.106* 

     (.245) (.055) 

77.t     .831***  

     (.238)  

78.t     -.067  

     (.094)  

79.t     -.075 -.008 

     (.049) (.016) 

80.t     .037 .103*** 

     (.041) (.036) 

81.t     .785*** -.046 

     (.224) (.194) 

82.t      .067*** 
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      (.023) 

1.t       

       

2.t       

       

3.t       

       

4.t       

       

_cons .382*** .392*** .391*** .391*** .815*** .748*** 

 (.094) (.097) (.096) (.03) (.18) (.139) 

Observations 780 780 780 780 780 780 

Pseudo R2 .z .z .z .z .z .z 

Standard errors are in parentheses *** p<.01, ** p<.05, * p<.1 

 Model 2_import: year-on-year growth rate of import 

 (1) (2) (3) (4) (5) 

Standard Errors Robust Robust Driscoll-
Kraay 

Driscoll-
Kraay 

Driscoll-
Kraay 

Fixed Time Effects No Yes Yes Yes Yes 

Disturbance term lags No No Yes Yes Yes 

importlag -.002*** -.001** -.001*** -.001*** -.001*** 

 (0) (0) (0) (0) (0) 

covid19 -.001 -.002* -.002*** -.004*** -.004*** 

 (.001) (.001) (0) (.001) (.001) 
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covid19prev3months .001 .008* .008*** .008*** .008*** 

 (.001) (.004) (.001) (.001) (.001) 

siaverage 0 -.004 -.004 -.004  

 (.001) (.005) (.004) (.004)  

siaverageprev3months .001 .004 .004 .004  

 (.001) (.005) (.003) (.003)  

dsars .134***     

 (.037)     

13bn.t   -.493 -.621** .135*** 

   (.317) (.31) (.012) 

14.t  .211** -.282 -.41 .347*** 

  (.093) (.317) (.31) (.013) 

15.t  -.285 -.778** -.906*** -.149*** 

  (.227) (.317) (.31) (.013) 

16.t  -.014 -.507 -.635** .122*** 

  (.051) (.317) (.31) (.012) 

17.t  0 -.494 -.622** .135*** 

  (.095) (.317) (.31) (.012) 

18.t  .031 -.462 -.59* .166*** 

  (.055) (.317) (.31) (.013) 

19.t  -.045 -.539* -.667** .09*** 

  (.07) (.317) (.31) (.012) 

20.t  .074 -.42 -.548* .209*** 
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  (.094) (.317) (.31) (.012) 

21.t  .094 -.399 -.527* .229*** 

  (.074) (.317) (.31) (.012) 

22.t  .222** -.272 -.4 .357*** 

  (.077) (.317) (.31) (.012) 

23.t  .139 -.354 -.482 .275*** 

  (.083) (.317) (.31) (.013) 

24.t  .158* -.335 -.463 .294*** 

  (.075) (.317) (.31) (.012) 

25.t  .068 -.426 -.578* .203*** 

  (.147) (.317) (.315) (.012) 

26.t  .223 -.27 -.423 .358*** 

  (.144) (.317) (.315) (.013) 

27.t  .273** -.22 -.373 .409*** 

  (.097) (.317) (.315) (.013) 

28.t  .321*** -.172 -.324 .457*** 

  (.076) (.317) (.315) (.012) 

29.t  .267 -.226 -.379 .402*** 

  (.168) (.317) (.315) (.012) 

30.t  .274** -.219 -.371 .41*** 

  (.094) (.317) (.315) (.012) 

31.t  .207* -.286 -.439 .342*** 

  (.093) (.317) (.315) (.012) 
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32.t  .241* -.252 -.405 .376*** 

  (.11) (.317) (.315) (.012) 

33.t  .04 -.453 -.581* .176*** 

  (.128) (.317) (.31) (.012) 

34.t  .207 -.286 -.414 .342*** 

  (.169) (.317) (.31) (.011) 

35.t  .215* -.278 -.406 .35*** 

  (.1) (.317) (.31) (.012) 

36.t  .238 -.256 -.384 .373*** 

  (.137) (.317) (.31) (.012) 

37.t  .345*** -.148 -.276 .48*** 

  (.105) (.317) (.31) (.012) 

38.t  -.026 -.519 -.647** .109*** 

  (.084) (.317) (.31) (.011) 

39.t  .464*** -.03 -.158 .599*** 

  (.092) (.317) (.31) (.012) 

40.t  .177 -.316 -.444 .313*** 

  (.137) (.317) (.31) (.011) 

41.t  .172 -.321 -.449 .307*** 

  (.119) (.317) (.31) (.011) 

42.t  .187 -.306 -.434 .322*** 

  (.125) (.317) (.31) (.011) 

43.t  .316** -.177 -.305 .451*** 



Appendix C: Complete results of regression model  92 

  (.112) (.317) (.31) (.011) 

44.t  .15 -.343 -.471 .285*** 

  (.114) (.317) (.31) (.011) 

45.t  .327** -.166 -.294 .462*** 

  (.144) (.317) (.31) (.011) 

46.t  .186* -.307 -.435 .321*** 

  (.093) (.317) (.31) (.01) 

47.t  .12 -.373 -.501 .255*** 

  (.077) (.317) (.31) (.011) 

48.t  .181** -.312 -.44 .316*** 

  (.078) (.317) (.31) (.011) 

49.t  .109 -.384 -.512 .244*** 

  (.117) (.317) (.31) (.01) 

50.t  .172 -.321 -.449 .307*** 

  (.109) (.317) (.31) (.011) 

51.t  -.181 -.674** -.802** -.046*** 

  (.104) (.317) (.31) (.01) 

52.t  .125 -.368 -.496 .26*** 

  (.083) (.317) (.31) (.01) 

53.t  .122 -.371 -.499 .257*** 

  (.101) (.317) (.31) (.01) 

54.t  .072 -.421 -.549* .207*** 

  (.087) (.317) (.31) (.01) 
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55.t  .152* -.341 -.469 .287*** 

  (.076) (.317) (.31) (.01) 

56.t  .105 -.388 -.516* .24*** 

  (.067) (.317) (.31) (.01) 

57.t  .199** -.294 -.422 .334*** 

  (.081) (.317) (.31) (.01) 

58.t  .08 -.413 -.541* .215*** 

  (.097) (.317) (.31) (.009) 

59.t  .276* -.217 -.345 .411*** 

  (.127) (.317) (.31) (.01) 

60.t  .166 -.327 -.455 .301*** 

  (.094) (.317) (.31) (.009) 

61.t  .239* -.254 -.382 .374*** 

  (.107) (.317) (.31) (.009) 

62.t  .343** -.15 -.278 .478*** 

  (.151) (.317) (.31) (.01) 

63.t  .264** -.229 -.357 .399*** 

  (.085) (.317) (.31) (.01) 

64.t  .125 -.368 -.496 .26*** 

  (.069) (.317) (.31) (.009) 

65.t  .023 -.47 -.598* .158*** 

  (.127) (.316) (.31) (.009) 

66.t  .126* -.367 -.495 .261*** 
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  (.064) (.317) (.31) (.01) 

67.t  .119 -.374 -.502 .254*** 

  (.085) (.317) (.31) (.009) 

68.t  .074 -.42 -.547* .208*** 

  (.088) (.317) (.31) (.009) 

69.t  .054 -.439 -.567* .189*** 

  (.093) (.316) (.31) (.009) 

70.t  .148 -.345 -.473 .283*** 

  (.082) (.316) (.31) (.008) 

71.t  .031 -.462 -.59* .166*** 

  (.058) (.316) (.31) (.009) 

72.t  -.026 -.519 -.647** .109*** 

  (.109) (.316) (.31) (.008) 

73.t  -.093 -.587* -.714** .041*** 

  (.12) (.316) (.31) (.008) 

74.t  -.03 -.523* -.651** .105*** 

  (.101) (.317) (.31) (.009) 

75.t  -.015 -.508 -.636** .12*** 

  (.098) (.317) (.31) (.009) 

76.t  .017 -.476 -.604* .152*** 

  (.129) (.316) (.31) (.008) 

77.t  .093 -.4 -.528* .228*** 

  (.073) (.316) (.31) (.008) 
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78.t  .05 -.443 -.571* .185*** 

  (.122) (.316) (.31) (.008) 

79.t  .034 -.459 -.587* .168*** 

  (.15) (.316) (.31) (.008) 

80.t  .149** -.344 -.472 .283*** 

  (.064) (.316) (.31) (.008) 

81.t  .127 -.366 -.494 .261*** 

  (.154) (.316) (.311) (.007) 

82.t  .044 -.449 -.577* .179*** 

  (.068) (.316) (.311) (.007) 

83.t  .074 -.42 -.548* .208*** 

  (.133) (.316) (.31) (.008) 

84.t  .234* -.259 -.387 .369*** 

  (.105) (.316) (.31) (.007) 

85.t  .178 -.315 -.443 .312*** 

  (.123) (.316) (.31) (.007) 

86.t  .217** -.276 -.404 .351*** 

  (.089) (.316) (.31) (.008) 

87.t  .214 -.279 -.407 .349*** 

  (.127) (.316) (.31) (.009) 

88.t  .146 -.348 -.475 .28*** 

  (.104) (.316) (.31) (.008) 

89.t  .194 -.299 -.427 .329*** 
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  (.122) (.316) (.311) (.007) 

90.t  .256** -.237 -.365 .391*** 

  (.091) (.316) (.31) (.008) 

91.t  .221** -.272 -.4 .355*** 

  (.09) (.316) (.31) (.008) 

92.t  .21* -.284 -.411 .344*** 

  (.102) (.316) (.311) (.007) 

93.t  .116 -.377 -.505 .25*** 

  (.072) (.316) (.311) (.007) 

94.t  .168* -.326 -.453 .302*** 

  (.077) (.316) (.311) (.007) 

95.t  .173* -.32 -.448 .308*** 

  (.091) (.316) (.311) (.007) 

96.t  -.138 -.631** -.759** -.004 

  (.118) (.316) (.311) (.006) 

97.t  -.218** -.711** -.839*** -.084*** 

  (.079) (.316) (.311) (.006) 

98.t  -.481*** -.975*** -1.102*** -.347*** 

  (.078) (.316) (.311) (.007) 

99.t  -.174 -.667** -.795** -.04*** 

  (.115) (.316) (.311) (.007) 

100.t  -.172* -.665** -.793** -.038*** 

  (.09) (.316) (.311) (.006) 
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101.t  -.21*** -.703** -.831*** -.076*** 

  (.06) (.316) (.311) (.006) 

102.t  -.299*** -.792** -.92*** -.165*** 

  (.07) (.316) (.311) (.006) 

103.t  -.188** -.681** -.809*** -.054*** 

  (.06) (.316) (.311) (.006) 

104.t  -.151** -.645** -.772** -.017*** 

  (.051) (.316) (.311) (.005) 

105.t  -.194*** -.687** -.815*** -.06*** 

  (.047) (.316) (.311) (.006) 

106.t  -.015 -.508 -.636** .119*** 

  (.088) (.316) (.311) (.006) 

107.t  -.089 -.582* -.71** .045*** 

  (.093) (.316) (.311) (.006) 

108.t  .102* -.391 -.519* .236*** 

  (.053) (.316) (.31) (.008) 

109.t  .307*** -.186 -.314 .442*** 

  (.066) (.316) (.31) (.008) 

110.t  .498*** .005 -.123 .633*** 

  (.11) (.317) (.31) (.01) 

111.t  .157 -.336 -.464 .292*** 

  (.117) (.317) (.31) (.009) 

112.t  .336*** -.157 -.285 .47*** 
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  (.101) (.316) (.31) (.008) 

113.t  .279** -.215 -.342 .413*** 

  (.117) (.316) (.31) (.008) 

114.t  .382*** -.111 -.239 .517*** 

  (.088) (.316) (.31) (.008) 

115.t  .204* -.29 -.417 .338*** 

  (.11) (.316) (.311) (.007) 

116.t  .171* -.323 -.45 .305*** 

  (.08) (.316) (.311) (.007) 

117.t  .254** -.239 -.367 .388*** 

  (.102) (.316) (.311) (.007) 

118.t  .122 -.372 -.499 .256*** 

  (.098) (.316) (.311) (.006) 

119.t  .095 -.398 -.526* .23*** 

  (.123) (.316) (.311) (.007) 

120.t  .298** -.195 -.323 .433*** 

  (.121) (.316) (.311) (.007) 

121.t  .193* -.3 -.428 .327*** 

  (.088) (.316) (.311) (.005) 

122.t  .285** -.208 -.336 .42*** 

  (.1) (.316) (.311) (.007) 

123.t  .149 -.344 -.472 .283*** 

  (.121) (.316) (.311) (.007) 
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124.t  .176 -.317 -.445 .31*** 

  (.152) (.316) (.311) (.005) 

125.t  .163* -.33 -.458 .297*** 

  (.074) (.316) (.311) (.005) 

126.t  .152 -.342 -.469 .286*** 

  (.101) (.316) (.311) (.006) 

127.t  .079 -.414 -.542* .213*** 

  (.131) (.316) (.311) (.006) 

128.t  .081 -.413 -.54* .214*** 

  (.154) (.316) (.311) (.006) 

129.t  .196 -.297 -.425 .33*** 

  (.117) (.316) (.311) (.005) 

130.t  .088 -.405 -.533* .221*** 

  (.146) (.316) (.311) (.005) 

131.t  .203* -.29 -.418 .337*** 

  (.1) (.316) (.311) (.006) 

132.t  .128 -.365 -.493 .262*** 

  (.084) (.316) (.311) (.005) 

133.t  .082 -.412 -.539* .215*** 

  (.106) (.316) (.311) (.005) 

134.t  -.243** -.736** -.864*** -.11*** 

  (.098) (.316) (.311) (.005) 

135.t  .187 -.306 -.434 .321*** 
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  (.159) (.316) (.311) (.006) 

136.t  -.022 -.516 -.643** .111*** 

  (.07) (.316) (.311) (.005) 

137.t  -.168 -.661** -.789** -.034*** 

  (.137) (.316) (.311) (.005) 

138.t  .044 -.449 -.577* .177*** 

  (.117) (.316) (.311) (.005) 

139.t  .084 -.409 -.536* .218*** 

  (.11) (.316) (.311) (.005) 

140.t  .099 -.394 -.522* .233*** 

  (.096) (.316) (.311) (.005) 

141.t  .002 -.492 -.619** .135*** 

  (.067) (.316) (.311) (.005) 

142.t  -.019 -.512 -.639** .115*** 

  (.078) (.316) (.311) (.005) 

143.t  -.032 -.525* -.653** .102*** 

  (.079) (.316) (.311) (.005) 

144.t  -.134 -.627** -.754** 0 

  (.11) (.316) (.311) (.005) 

145.t  .044 -.449 -.577* .177*** 

  (.086) (.316) (.311) (.005) 

146.t  .256** -.237 -.365 .39*** 

  (.106) (.316) (.311) (.005) 
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147.t  -.136 -.629** -.757** -.002 

  (.113) (.316) (.311) (.005) 

148.t  .165 -.328 -.455 .299*** 

  (.13) (.316) (.311) (.005) 

149.t  .274** -.22 -.347 .407*** 

  (.095) (.316) (.311) (.005) 

150.t  .008 -.485 -.612** .142*** 

  (.065) (.316) (.311) (.005) 

151.t  .041 -.452 -.58* .174*** 

  (.086) (.316) (.311) (.005) 

152.t  .074 -.419 -.547* .207*** 

  (.124) (.316) (.311) (.005) 

153.t  .005 -.488 -.615** .139*** 

  (.126) (.316) (.311) (.005) 

154.t  .097 -.396 -.523* .231*** 

  (.153) (.316) (.311) (.005) 

155.t  .074 -.419 -.547* .207*** 

  (.122) (.316) (.311) (.005) 

156.t  .167 -.326 -.453 .301*** 

  (.129) (.316) (.311) (.005) 

157.t  .066 -.427 -.555* .199*** 

  (.104) (.316) (.311) (.006) 

158.t  .136 -.357 -.485 .269*** 
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  (.089) (.316) (.311) (.005) 

159.t  .11 -.383 -.511 .244*** 

  (.113) (.316) (.311) (.005) 

160.t  -.089 -.582* -.71** .044*** 

  (.126) (.316) (.311) (.008) 

161.t  -.112 -.605* -.733** .021*** 

  (.208) (.316) (.311) (.006) 

162.t  .026 -.468 -.595* .159*** 

  (.071) (.316) (.311) (.005) 

163.t  -.019 -.512 -.64** .115*** 

  (.121) (.316) (.311) (.005) 

164.t  .045 -.448 -.575* .178*** 

  (.092) (.316) (.311) (.005) 

165.t  -.069 -.562* -.69** .065*** 

  (.147) (.316) (.311) (.005) 

166.t  .05 -.443 -.57* .183*** 

  (.106) (.316) (.311) (.005) 

167.t  .027 -.466 -.594* .16*** 

  (.146) (.316) (.311) (.005) 

168.t  -.016 -.51 -.637** .117*** 

  (.102) (.316) (.311) (.005) 

169.t  .022 -.471 -.598* .156*** 

  (.109) (.316) (.311) (.006) 
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170.t  -.278* -.771** -.899*** -.145*** 

  (.126) (.316) (.311) (.005) 

171.t  -.271* -.764** -.892*** -.137*** 

  (.147) (.316) (.311) (.005) 

172.t  -.213** -.707** -.834*** -.08*** 

  (.084) (.316) (.311) (.005) 

173.t  -.175* -.668** -.795** -.041*** 

  (.089) (.316) (.311) (.005) 

174.t  -.25* -.743** -.87*** -.116*** 

  (.133) (.316) (.311) (.005) 

175.t  -.155 -.648** -.776** -.022*** 

  (.119) (.316) (.311) (.005) 

176.t  -.184 -.677** -.805** -.051*** 

  (.109) (.316) (.311) (.005) 

177.t  -.174** -.668** -.795** -.041*** 

  (.071) (.316) (.311) (.005) 

178.t  -.201* -.695** -.822*** -.068*** 

  (.104) (.316) (.311) (.006) 

179.t  -.245* -.738** -.866*** -.112*** 

  (.12) (.316) (.311) (.005) 

180.t  -.141 -.635** -.762** -.008 

  (.111) (.316) (.311) (.005) 

181.t  -.054 -.548* -.675** .079*** 
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  (.103) (.316) (.311) (.006) 

182.t  -.247*** -.74** -.868*** -.113*** 

  (.071) (.316) (.311) (.005) 

183.t  -.209*** -.703** -.83*** -.075*** 

  (.037) (.316) (.311) (.006) 

184.t  -.082 -.575* -.703** .052*** 

  (.091) (.316) (.311) (.005) 

185.t  -.08 -.573* -.701** .054*** 

  (.074) (.316) (.311) (.005) 

186.t  -.107 -.6* -.728** .027*** 

  (.127) (.316) (.311) (.006) 

187.t  -.096 -.589* -.716** .038*** 

  (.104) (.316) (.311) (.005) 

188.t  -.155* -.649** -.776** -.022*** 

  (.079) (.316) (.311) (.005) 

189.t  -.002 -.495 -.623** .132*** 

  (.057) (.316) (.311) (.005) 

190.t  -.014 -.508 -.635** .119*** 

  (.069) (.316) (.311) (.005) 

191.t  -.028 -.521 -.649** .106*** 

  (.082) (.316) (.311) (.006) 

192.t  -.063 -.556* -.684** .071*** 

  (.137) (.316) (.311) (.005) 
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193.t  -.1 -.593* -.721** .033*** 

  (.14) (.316) (.311) (.005) 

194.t  .172* -.322 -.449 .306*** 

  (.078) (.316) (.311) (.007) 

195.t  .248* -.245 -.373 .383*** 

  (.128) (.316) (.31) (.008) 

196.t  .114 -.379 -.507 .248*** 

  (.106) (.316) (.311) (.006) 

197.t  .006 -.487 -.615** .14*** 

  (.152) (.316) (.311) (.006) 

198.t  .133 -.36 -.488 .267*** 

  (.087) (.316) (.311) (.006) 

199.t  .094 -.4 -.527* .227*** 

  (.11) (.316) (.311) (.006) 

200.t  .005 -.488 -.616** .139*** 

  (.182) (.316) (.311) (.005) 

201.t  .065 -.428 -.556* .199*** 

  (.159) (.316) (.311) (.005) 

202.t  .005 -.488 -.616** .139*** 

  (.155) (.316) (.311) (.005) 

203.t  .136* -.358 -.485 .27*** 

  (.062) (.316) (.311) (.006) 

204.t  .135 -.358 -.486 .269*** 
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  (.086) (.316) (.311) (.005) 

205.t  .084 -.41 -.537* .217*** 

  (.079) (.316) (.311) (.005) 

206.t  .175 -.318 -.446 .309*** 

  (.141) (.316) (.311) (.006) 

207.t  -.026 -.519 -.647** .108*** 

  (.112) (.316) (.311) (.006) 

208.t  .069 -.424 -.552* .202*** 

  (.124) (.316) (.311) (.005) 

209.t  .165 -.328 -.456 .299*** 

  (.091) (.316) (.311) (.006) 

210.t  .2** -.293 -.421 .333*** 

  (.085) (.316) (.311) (.005) 

211.t  .072 -.421 -.548* .206*** 

  (.087) (.316) (.311) (.005) 

212.t  .196** -.297 -.425 .33*** 

  (.068) (.316) (.311) (.005) 

213.t  .087 -.406 -.534* .221*** 

  (.11) (.316) (.311) (.005) 

214.t  .12 -.374 -.501 .253*** 

  (.131) (.316) (.311) (.005) 

215.t  .085 -.408 -.536* .219*** 

  (.19) (.316) (.311) (.005) 
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216.t  -.06 -.553* -.68** .074*** 

  (.148) (.316) (.311) (.005) 

217.t  -.135 -.628** -.755** -.001 

  (.146) (.316) (.311) (.005) 

218.t  -.057 -.55* -.678** .077*** 

  (.178) (.316) (.311) (.005) 

219.t  -.129 -.622* -.75** .005 

  (.124) (.316) (.311) (.005) 

220.t  -.037 -.531* -.658** .096*** 

  (.077) (.316) (.311) (.005) 

221.t  .115 -.378 -.506 .249*** 

  (.104) (.316) (.311) (.005) 

222.t  -.047 -.54* -.668** .086*** 

  (.106) (.316) (.311) (.005) 

223.t  .026 -.467 -.595* .159*** 

  (.11) (.316) (.311) (.005) 

224.t  .013 -.48 -.608* .146*** 

  (.131) (.316) (.311) (.005) 

225.t  .074 -.419 -.547* .207*** 

  (.118) (.316) (.311) (.005) 

226.t  -.035 -.528* -.655** .099*** 

  (.11) (.316) (.311) (.005) 

227.t  -.007 -.5 -.628** .126*** 
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  (.12) (.316) (.311) (.005) 

228.t  .104 -.389 -.517* .237*** 

  (.127) (.316) (.311) (.005) 

229.t  .192 -.302 -.429 .325*** 

  (.127) (.316) (.311) (.005) 

230.t  .035 -.458** -.529** .148*** 

  (.14) (.225) (.218) (.023) 

231.t  .493   .499*** 

  (.425)   (.056) 

232.t  .177 -.317*** -.424*** .186*** 

  (.226) (.088) (.098) (.021) 

233.t  -.067 -.56*** -.705*** .023*** 

  (.191) (.181) (.186) (.009) 

234.t  -.161 -.654** -.823***  

  (.237) (.26) (.26)  

235.t  .049 -.444* -.582** .243*** 

  (.183) (.266) (.257) (.016) 

236.t  0 -.494* -.655** .156*** 

  (.188) (.258) (.258) (.004) 

237.t  .005 -.488* -.629** .177*** 

  (.166) (.26) (.256) (.009) 

238.t  .121 -.372 -.52** .282*** 

  (.149) (.262) (.259) (.006) 
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239.t  .056 -.437 -.569** .237*** 

  (.145) (.27) (.264) (.01) 

240.t  .034 -.459* -.59** .188*** 

  (.146) (.246) (.243) (.01) 

241.t  -.02 -.514** -.65*** .11*** 

  (.173) (.228) (.227) (.009) 

242.t  .266* -.228 -.354 .398*** 

  (.133) (.217) (.215) (.013) 

243.t  .19 -.304 -.451** .306*** 

  (.141) (.219) (.221) (.007) 

244.t  .337* -.157 -.304 .48*** 

  (.165) (.246) (.245) (.006) 

245.t  .262 -.231 -.376 .43*** 

  (.202) (.269) (.265) (.007) 

246.t  .337 -.156 -.3 .499*** 

  (.187) (.265) (.262) (.007) 

247.t  .283 -.21 -.347 .431*** 

  (.176) (.249) (.246) (.008) 

1.t      

      

2.t      

      

3.t      
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4.t      

      

5.t      

      

6.t      

      

7.t      

      

8.t      

      

9.t      

      

10.t      

      

11.t      

      

12.t      

      

dcoastalcovid19    -.502*** -.509*** 

    (.129) (.147) 

dmegacovid19    -.177* -.177* 

    (.104) (.104) 
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dmegacitySARS    -.017  

    (.079)  

dcoastalSARS    .098  

    (.093)  

_cons .201*** .085 .579* .707** -.05*** 

 (.02) (.078) (.317) (.31) (.015) 

Observations 2350 2350 2350 2350 2350 

Pseudo R2 .z .z .z .z .z 

Standard errors are in parentheses *** p<.01, ** p<.05, * p<.1 

 Model 2_export: year-on-year growth rate of export 

 (1) (2) (3) (4) (5) 

Standard Error Robust Robust Driscoll-
Kraay 

Driscoll-
Kraay 

Driscoll-
Kraay 

Fixed Time Effects No Yes Yes Yes Yes 

Disturbance term lags No No Yes Yes Yes 

exportlag -.003*** -.001*** -.001*** -.001*** -.001*** 

 (.001) (0) (0) (0) (0) 

covid19 -.01*** -.008*** -.008*** -.009*** -.009*** 

 (.001) (.001) (0) (0) (0) 

covid19prev3months -.012*** -.01*** -.01** -.01** -.011** 

 (.001) (.001) (.005) (.005) (.005) 

siaverage -.004*** 0 0 0  

 (.001) (.002) (.002) (.002)  

siaverageprev3months .006*** -.003 -.003 -.003  
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 (.001) (.003) (.003) (.002)  

dsars .074*     

 (.034)     

13bn.t   .436*** .379*** .377*** 

   (.162) (.142) (.023) 

14.t  .043 .479*** .422*** .419*** 

  (.046) (.162) (.142) (.023) 

15.t  -.141*** .295* .238* .235*** 

  (.038) (.162) (.142) (.023) 

16.t  -.093 .344** .287** .284*** 

  (.06) (.162) (.142) (.023) 

17.t  .04 .477*** .419*** .417*** 

  (.107) (.162) (.142) (.023) 

18.t  .05 .486*** .429*** .426*** 

  (.057) (.162) (.142) (.023) 

19.t  .037 .474*** .417*** .414*** 

  (.051) (.162) (.142) (.023) 

20.t  .156** .593*** .536*** .533*** 

  (.049) (.162) (.142) (.023) 

21.t  .129** .565*** .508*** .505*** 

  (.04) (.162) (.142) (.023) 

22.t  .221*** .658*** .601*** .598*** 

  (.034) (.162) (.142) (.023) 
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23.t  .238*** .675*** .618*** .615*** 

  (.058) (.162) (.142) (.023) 

24.t  .2*** .637*** .58*** .577*** 

  (.049) (.162) (.142) (.023) 

25.t  .122 .558*** .453*** .498*** 

  (.075) (.162) (.144) (.023) 

26.t  .227*** .664*** .558*** .604*** 

  (.06) (.162) (.144) (.023) 

27.t  .182** .619*** .513*** .559*** 

  (.074) (.162) (.144) (.023) 

28.t  .216** .652*** .547*** .592*** 

  (.085) (.162) (.144) (.023) 

29.t  .152 .588*** .483*** .529*** 

  (.098) (.162) (.144) (.023) 

30.t  .148* .585*** .479*** .525*** 

  (.08) (.162) (.144) (.023) 

31.t  .165* .601*** .496*** .542*** 

  (.086) (.162) (.144) (.023) 

32.t  .071 .507*** .401*** .447*** 

  (.095) (.162) (.144) (.023) 

33.t  .065 .501*** .444*** .441*** 

  (.07) (.162) (.142) (.023) 

34.t  .073 .509*** .452*** .45*** 
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  (.096) (.162) (.142) (.023) 

35.t  .066 .503*** .446*** .443*** 

  (.068) (.162) (.142) (.023) 

36.t  .055 .491*** .434*** .431*** 

  (.103) (.162) (.142) (.023) 

37.t  .272** .708*** .651*** .648*** 

  (.1) (.162) (.142) (.023) 

38.t  -.04 .396** .339** .336*** 

  (.112) (.162) (.142) (.023) 

39.t  .048 .484*** .427*** .424*** 

  (.067) (.162) (.142) (.023) 

40.t  .128* .564*** .507*** .505*** 

  (.066) (.162) (.142) (.023) 

41.t  .093 .53*** .472*** .47*** 

  (.058) (.162) (.142) (.023) 

42.t  .12* .557*** .5*** .497*** 

  (.063) (.162) (.142) (.023) 

43.t  .217** .653*** .596*** .593*** 

  (.067) (.162) (.142) (.023) 

44.t  .144 .581*** .523*** .521*** 

  (.08) (.162) (.142) (.023) 

45.t  .202** .639*** .582*** .579*** 

  (.08) (.162) (.142) (.023) 
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46.t  .163** .599*** .542*** .539*** 

  (.064) (.162) (.142) (.022) 

47.t  .168* .605*** .547*** .545*** 

  (.092) (.162) (.142) (.023) 

48.t  .285*** .722*** .664*** .662*** 

  (.064) (.162) (.142) (.022) 

49.t  .194 .63*** .573*** .57*** 

  (.147) (.162) (.142) (.022) 

50.t  .37** .806*** .749*** .747*** 

  (.12) (.162) (.142) (.023) 

51.t  .2* .637*** .58*** .577*** 

  (.101) (.162) (.142) (.023) 

52.t  .272** .709*** .651*** .649*** 

  (.108) (.162) (.142) (.022) 

53.t  .21** .646*** .589*** .586*** 

  (.09) (.162) (.142) (.022) 

54.t  .196*** .632*** .575*** .573*** 

  (.059) (.162) (.142) (.022) 

55.t  .241*** .677*** .62*** .618*** 

  (.064) (.162) (.142) (.022) 

56.t  .195** .632*** .574*** .572*** 

  (.06) (.162) (.142) (.022) 

57.t  .172** .608*** .55*** .548*** 



Appendix C: Complete results of regression model  116 

  (.06) (.162) (.142) (.022) 

58.t  .111** .548*** .49*** .488*** 

  (.047) (.162) (.142) (.022) 

59.t  .155*** .592*** .534*** .532*** 

  (.048) (.162) (.142) (.022) 

60.t  .08* .516*** .459*** .457*** 

  (.043) (.162) (.142) (.022) 

61.t  .047 .484*** .426*** .424*** 

  (.068) (.162) (.142) (.022) 

62.t  .09 .527*** .469*** .467*** 

  (.053) (.162) (.142) (.022) 

63.t  .108 .545*** .487*** .485*** 

  (.074) (.162) (.142) (.022) 

64.t  .085 .522*** .464*** .462*** 

  (.074) (.162) (.142) (.022) 

65.t  .14** .576*** .519*** .517*** 

  (.048) (.162) (.142) (.022) 

66.t  .099* .535*** .477*** .475*** 

  (.046) (.162) (.142) (.022) 

67.t  .073 .509*** .451*** .449*** 

  (.093) (.162) (.142) (.022) 

68.t  .112* .548*** .49*** .488*** 

  (.058) (.162) (.142) (.022) 
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69.t  .27*** .706*** .648*** .646*** 

  (.082) (.162) (.142) (.022) 

70.t  .263*** .7*** .642*** .64*** 

  (.076) (.162) (.142) (.022) 

71.t  .252*** .688*** .63*** .628*** 

  (.076) (.162) (.142) (.022) 

72.t  .215*** .652*** .594*** .592*** 

  (.063) (.162) (.142) (.022) 

73.t  .186* .622*** .564*** .562*** 

  (.092) (.162) (.142) (.022) 

74.t  .151* .587*** .529*** .527*** 

  (.076) (.162) (.142) (.022) 

75.t  .303*** .739*** .681*** .679*** 

  (.082) (.162) (.142) (.022) 

76.t  -.02 .416** .358** .356*** 

  (.079) (.162) (.142) (.022) 

77.t  .109 .545*** .487*** .485*** 

  (.06) (.162) (.142) (.022) 

78.t  .195** .632*** .574*** .572*** 

  (.073) (.162) (.142) (.022) 

79.t  .172*** .609*** .551*** .549*** 

  (.049) (.162) (.142) (.022) 

80.t  .167** .603*** .545*** .543*** 
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  (.056) (.162) (.142) (.022) 

81.t  .035 .471*** .413*** .411*** 

  (.08) (.162) (.142) (.022) 

82.t  .095 .531*** .473*** .471*** 

  (.065) (.162) (.142) (.022) 

83.t  .063 .499*** .441*** .439*** 

  (.055) (.162) (.142) (.022) 

84.t  .114* .55*** .492*** .49*** 

  (.053) (.162) (.142) (.022) 

85.t  .122 .558*** .5*** .498*** 

  (.077) (.162) (.142) (.022) 

86.t  .169** .605*** .547*** .545*** 

  (.073) (.162) (.142) (.022) 

87.t  -.08 .357** .299** .297*** 

  (.069) (.162) (.142) (.022) 

88.t  .182** .618*** .56*** .558*** 

  (.065) (.162) (.142) (.022) 

89.t  .13* .567*** .508*** .507*** 

  (.066) (.162) (.142) (.022) 

90.t  .125* .562*** .504*** .502*** 

  (.067) (.162) (.142) (.022) 

91.t  .063 .5*** .442*** .44*** 

  (.077) (.162) (.142) (.022) 
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92.t  .163** .599*** .541*** .539*** 

  (.063) (.162) (.142) (.022) 

93.t  .161* .598*** .539*** .538*** 

  (.079) (.162) (.142) (.022) 

94.t  .186** .622*** .564*** .563*** 

  (.081) (.162) (.142) (.022) 

95.t  .115 .551*** .493*** .492*** 

  (.075) (.162) (.142) (.022) 

96.t  -.073 .363** .305** .303*** 

  (.069) (.162) (.142) (.023) 

97.t  -.123* .313* .255* .254*** 

  (.06) (.162) (.142) (.023) 

98.t  -.186** .25 .192 .191*** 

  (.072) (.162) (.142) (.022) 

99.t  -.173* .263 .205 .203*** 

  (.092) (.162) (.142) (.022) 

100.t  -.182** .255 .197 .195*** 

  (.067) (.162) (.142) (.022) 

101.t  -.294*** .142 .084 .082*** 

  (.052) (.162) (.142) (.022) 

102.t  -.289*** .147 .089 .087*** 

  (.052) (.162) (.142) (.022) 

103.t  -.253*** .184 .125 .124*** 
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  (.062) (.162) (.142) (.022) 

104.t  -.299*** .138 .079 .078*** 

  (.052) (.162) (.142) (.023) 

105.t  -.325*** .112 .053 .052** 

  (.075) (.162) (.142) (.023) 

106.t  -.281*** .156 .097 .096*** 

  (.073) (.162) (.142) (.023) 

107.t  -.221** .216 .157 .156*** 

  (.07) (.162) (.142) (.023) 

108.t  -.066 .371** .312** .311*** 

  (.078) (.162) (.142) (.022) 

109.t  .103 .539*** .481*** .479*** 

  (.082) (.162) (.142) (.022) 

110.t  .102 .539*** .481*** .479*** 

  (.075) (.162) (.142) (.022) 

111.t  .187** .624*** .566*** .564*** 

  (.078) (.162) (.142) (.022) 

112.t  .09 .526*** .468*** .467*** 

  (.053) (.162) (.142) (.022) 

113.t  .143* .579*** .521*** .519*** 

  (.067) (.162) (.142) (.022) 

114.t  .262*** .699*** .641*** .639*** 

  (.069) (.162) (.142) (.022) 
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115.t  .195* .632*** .574*** .572*** 

  (.087) (.162) (.142) (.022) 

116.t  .205** .642*** .584*** .582*** 

  (.065) (.162) (.142) (.022) 

117.t  .23*** .667*** .609*** .607*** 

  (.062) (.162) (.142) (.022) 

118.t  .158** .594*** .536*** .534*** 

  (.057) (.162) (.142) (.022) 

119.t  .164** .6*** .542*** .54*** 

  (.057) (.162) (.142) (.022) 

120.t  .249*** .685*** .627*** .625*** 

  (.064) (.162) (.142) (.022) 

121.t  .013 .449*** .391*** .39*** 

  (.098) (.162) (.142) (.023) 

122.t  .17** .607*** .549*** .547*** 

  (.073) (.162) (.142) (.022) 

123.t  -.132** .304* .246* .244*** 

  (.051) (.162) (.142) (.022) 

124.t  .146 .583*** .525*** .523*** 

  (.089) (.162) (.142) (.022) 

125.t  .178* .614*** .556*** .554*** 

  (.082) (.162) (.142) (.022) 

126.t  .091 .528*** .469*** .468*** 
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  (.084) (.162) (.142) (.023) 

127.t  .096 .533*** .474*** .473*** 

  (.077) (.162) (.142) (.023) 

128.t  .213** .65*** .591*** .59*** 

  (.091) (.162) (.142) (.023) 

129.t  .183 .619*** .56*** .559*** 

  (.102) (.162) (.142) (.023) 

130.t  .146 .582*** .524*** .522*** 

  (.089) (.162) (.142) (.023) 

131.t  .11 .547*** .488*** .487*** 

  (.063) (.162) (.142) (.023) 

132.t  .094 .53*** .472*** .47*** 

  (.072) (.162) (.142) (.023) 

133.t  .08 .516*** .458*** .457*** 

  (.071) (.162) (.142) (.023) 

134.t  -.084 .353** .294** .293*** 

  (.077) (.162) (.142) (.023) 

135.t  .063 .5*** .442*** .44*** 

  (.056) (.162) (.142) (.022) 

136.t  .046 .483*** .424*** .423*** 

  (.048) (.162) (.142) (.023) 

137.t  .007 .443*** .385*** .384*** 

  (.113) (.162) (.142) (.023) 
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138.t  .041 .477*** .419*** .418*** 

  (.085) (.162) (.142) (.023) 

139.t  .025 .462*** .403*** .402*** 

  (.048) (.162) (.142) (.023) 

140.t  -.147* .289* .23 .229*** 

  (.074) (.162) (.142) (.023) 

141.t  -.125** .312* .253* .252*** 

  (.053) (.162) (.142) (.023) 

142.t  -.075 .361** .302** .301*** 

  (.052) (.162) (.142) (.023) 

143.t  -.127 .309* .251* .249*** 

  (.071) (.162) (.142) (.023) 

144.t  -.106 .33** .272* .271*** 

  (.073) (.162) (.142) (.023) 

145.t  .042 .478*** .42*** .419*** 

  (.079) (.162) (.142) (.023) 

146.t  .104 .54*** .482*** .481*** 

  (.059) (.162) (.142) (.023) 

147.t  .08 .516*** .458*** .457*** 

  (.06) (.162) (.142) (.022) 

148.t  .033 .469*** .411*** .409*** 

  (.082) (.162) (.142) (.023) 

149.t  .054 .49*** .431*** .43*** 
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  (.111) (.162) (.142) (.023) 

150.t  .049 .485*** .426*** .425*** 

  (.169) (.162) (.142) (.023) 

151.t  -.155** .282* .223 .222*** 

  (.068) (.162) (.142) (.023) 

152.t  .034 .471*** .412*** .411*** 

  (.072) (.162) (.142) (.023) 

153.t  .044 .48*** .421*** .42*** 

  (.086) (.162) (.142) (.023) 

154.t  -.027 .41** .351** .35*** 

  (.058) (.162) (.142) (.023) 

155.t  .012 .449*** .39*** .389*** 

  (.054) (.162) (.142) (.023) 

156.t  -.023 .413** .354** .353*** 

  (.059) (.162) (.142) (.023) 

157.t  .003 .439*** .38*** .38*** 

  (.046) (.162) (.142) (.024) 

158.t  .043 .48*** .421*** .42*** 

  (.059) (.162) (.142) (.023) 

159.t  -.345*** .091 .033 .031 

  (.068) (.162) (.142) (.023) 

160.t  -.157 .279* .22 .219*** 

  (.127) (.162) (.142) (.024) 
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161.t  -.161 .275* .216 .215*** 

  (.15) (.162) (.142) (.024) 

162.t  -.172 .265 .206 .205*** 

  (.162) (.162) (.142) (.023) 

163.t  .001 .437*** .378*** .377*** 

  (.055) (.162) (.142) (.023) 

164.t  -.032 .405** .346** .345*** 

  (.076) (.162) (.142) (.023) 

165.t  .046 .482*** .423*** .422*** 

  (.098) (.162) (.142) (.023) 

166.t  .014 .451*** .392*** .391*** 

  (.072) (.162) (.142) (.023) 

167.t  .086 .522*** .463*** .462*** 

  (.064) (.162) (.142) (.023) 

168.t  .243 .679*** .621*** .62*** 

  (.176) (.162) (.142) (.023) 

169.t  .142 .579*** .52*** .519*** 

  (.11) (.162) (.142) (.024) 

170.t  -.071 .366** .307** .306*** 

  (.051) (.162) (.142) (.023) 

171.t  .337*** .773*** .715*** .713*** 

  (.092) (.162) (.142) (.022) 

172.t  -.211** .226 .167 .166*** 
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  (.074) (.162) (.142) (.023) 

173.t  -.08 .357** .298** .297*** 

  (.077) (.162) (.142) (.023) 

174.t  -.109 .327** .269* .268*** 

  (.082) (.162) (.142) (.023) 

175.t  -.048 .389** .33** .329*** 

  (.091) (.162) (.142) (.023) 

176.t  -.134 .302* .243* .242*** 

  (.113) (.162) (.142) (.023) 

177.t  -.225* .212 .153 .152*** 

  (.121) (.162) (.142) (.023) 

178.t  -.103 .333** .274* .273*** 

  (.087) (.162) (.142) (.024) 

179.t  -.122 .315* .256* .255*** 

  (.098) (.162) (.142) (.023) 

180.t  -.331* .106 .047 .046* 

  (.174) (.162) (.142) (.024) 

181.t  -.185 .252 .193 .192*** 

  (.186) (.162) (.142) (.024) 

182.t  -.27 .167 .108 .107*** 

  (.162) (.162) (.142) (.023) 

183.t  -.365*** .071 .013 .011 

  (.109) (.162) (.142) (.022) 
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184.t  -.021 .415** .357** .356*** 

  (.082) (.162) (.142) (.022) 

185.t  -.176** .261 .202 .201*** 

  (.066) (.162) (.142) (.023) 

186.t  -.08 .356** .297** .296*** 

  (.077) (.162) (.142) (.023) 

187.t  -.125* .312* .253* .252*** 

  (.066) (.162) (.142) (.023) 

188.t  -.146 .29* .232 .23*** 

  (.089) (.162) (.142) (.023) 

189.t  -.105 .332** .273* .272*** 

  (.079) (.162) (.142) (.023) 

190.t  -.102 .335** .276* .275*** 

  (.091) (.162) (.142) (.023) 

191.t  -.163 .273* .215 .214*** 

  (.104) (.162) (.142) (.023) 

192.t  -.079 .357** .298** .297*** 

  (.077) (.162) (.142) (.023) 

193.t  -.178* .258 .199 .198*** 

  (.094) (.162) (.142) (.024) 

194.t  .001 .437*** .379*** .377*** 

  (.072) (.162) (.142) (.022) 

195.t  -.11 .326** .268* .266*** 
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  (.071) (.162) (.142) (.022) 

196.t  .069 .505*** .447*** .445*** 

  (.074) (.162) (.142) (.022) 

197.t  .039 .475*** .417*** .416*** 

  (.07) (.162) (.142) (.022) 

198.t  -.068 .369** .311** .309*** 

  (.077) (.162) (.142) (.022) 

199.t  .077 .513*** .455*** .453*** 

  (.077) (.162) (.142) (.022) 

200.t  .03 .467*** .408*** .407*** 

  (.06) (.162) (.142) (.023) 

201.t  .04 .477*** .418*** .417*** 

  (.078) (.162) (.142) (.023) 

202.t  -.067 .369** .311** .309*** 

  (.084) (.162) (.142) (.023) 

203.t  -.001 .435*** .377*** .375*** 

  (.065) (.162) (.142) (.022) 

204.t  .009 .446*** .387*** .386*** 

  (.078) (.162) (.142) (.023) 

205.t  .048 .484*** .426*** .424*** 

  (.079) (.162) (.142) (.023) 

206.t  .012 .449*** .39*** .389*** 

  (.067) (.162) (.142) (.022) 
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207.t  .225*** .661*** .603*** .601*** 

  (.068) (.162) (.142) (.022) 

208.t  -.077 .36** .301** .3*** 

  (.092) (.162) (.142) (.022) 

209.t  .071 .508*** .449*** .448*** 

  (.066) (.162) (.142) (.022) 

210.t  .126 .562*** .504*** .502*** 

  (.078) (.162) (.142) (.022) 

211.t  -.02 .416** .358** .356*** 

  (.081) (.162) (.142) (.023) 

212.t  .015 .451*** .393*** .391*** 

  (.069) (.162) (.142) (.023) 

213.t  .005 .442*** .383*** .382*** 

  (.063) (.162) (.142) (.023) 

214.t  .095 .531*** .473*** .471*** 

  (.054) (.162) (.142) (.023) 

215.t  .071 .507*** .449*** .447*** 

  (.061) (.162) (.142) (.023) 

216.t  .092 .529*** .47*** .469*** 

  (.076) (.162) (.142) (.023) 

217.t  .022 .459*** .4*** .399*** 

  (.083) (.162) (.142) (.023) 

218.t  .025 .461*** .403*** .401*** 
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  (.056) (.162) (.142) (.023) 

219.t  -.211** .225 .167 .165*** 

  (.077) (.162) (.142) (.022) 

220.t  .067 .504*** .445*** .444*** 

  (.058) (.162) (.142) (.022) 

221.t  -.099* .337** .279* .278*** 

  (.052) (.162) (.142) (.023) 

222.t  -.088 .349** .29** .289*** 

  (.071) (.162) (.142) (.023) 

223.t  -.045 .392** .333** .332*** 

  (.05) (.162) (.142) (.023) 

224.t  -.062 .374** .315** .314*** 

  (.047) (.162) (.142) (.023) 

225.t  -.086* .35** .292** .29*** 

  (.046) (.162) (.142) (.023) 

226.t  -.089 .347** .289** .288*** 

  (.061) (.162) (.142) (.023) 

227.t  -.077 .36** .301** .3*** 

  (.056) (.162) (.142) (.023) 

228.t  -.075 .362** .303** .302*** 

  (.065) (.162) (.142) (.023) 

229.t  .051 .488*** .429*** .428*** 

  (.066) (.162) (.142) (.023) 
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230.t  -.035 .401*** .368*** .373*** 

  (.075) (.114) (.101) (.014) 

231.t  -.436*    

  (.211)    

232.t  -.037 .399*** .351*** .28*** 

  (.161) (.078) (.079) (.022) 

233.t  .259 .696*** .632*** .491*** 

  (.175) (.152) (.148) (.026) 

234.t  .251 .687*** .612*** .425*** 

  (.202) (.209) (.199) (.028) 

235.t  .172 .608*** .546*** .37*** 

  (.175) (.202) (.195) (.018) 

236.t  .248 .685*** .613*** .449*** 

  (.167) (.192) (.182) (.021) 

237.t  .222 .658*** .595*** .444*** 

  (.174) (.187) (.176) (.019) 

238.t  .26 .697*** .631*** .489*** 

  (.155) (.183) (.172) (.02) 

239.t  .204 .64*** .581*** .448*** 

  (.147) (.184) (.171) (.018) 

240.t  .179 .616*** .557*** .435*** 

  (.144) (.167) (.156) (.019) 

241.t  .133 .57*** .508*** .391*** 
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  (.146) (.157) (.149) (.019) 

242.t  .298* .735*** .678*** .561*** 

  (.136) (.152) (.144) (.017) 

243.t  .903*** 1.339*** 1.274*** 1.147*** 

  (.099) (.156) (.149) (.02) 

244.t  .375** .812*** .746*** .611*** 

  (.14) (.173) (.162) (.02) 

245.t  .276 .713*** .648*** .512*** 

  (.152) (.184) (.172) (.02) 

246.t  .284* .721*** .656*** .528*** 

  (.152) (.179) (.167) (.02) 

247.t  .485** .921*** .86*** .741*** 

  (.162) (.167) (.156) (.019) 

1.t      

      

2.t      

      

3.t      

      

4.t      

      

5.t      
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6.t      

      

7.t      

      

8.t      

      

9.t      

      

10.t      

      

11.t      

      

12.t      

      

dcoastalcovid19    -.228** -.249** 

    (.114) (.103) 

dmegacovid19    -.075 -.086 

    (.061) (.063) 

dmegacitySARS    .059  

    (.053)  

dcoastalSARS    .102**  

    (.04)  

_cons .221*** .114** -.322** -.265* -.262*** 
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 (.032) (.046) (.162) (.142) (.024) 

Observations 2350 2350 2350 2350 2350 

Pseudo R2 .z .z .z .z .z 

Standard errors are in parentheses    *** p<.01, ** p<.05, * p<.1 
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