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A B S T R A C T   

On March 11, 2020, the Director-General of the World Health Organization (WHO) characterized the spread of 
the coronavirus disease, COVID-19, as a pandemic on the basis of “alarming levels of spread and severity, and by 
the alarming levels of inaction.” Hence, it is urgent and imperative to evaluate the risk of COVID-19 for as many 
global locations as possible. This study calculates the relative risk of the importation and exportation of the 
COVID-19 virus. The study’s most important contribution is the calculation of the overall relative risk of the 
importation and exportation of COVID-19 from every airport in local municipalities around the world, based on 
global spatial and mapping information. Three scenarios of air travel restriction are considered, and the change 
in the risk of importation and exportation of COVID-19 is calculated. The relative risk of importation and 
exportation of COVID-19 clearly shows that not only China, Europe, Middle East, and East Asia, but also the U.S., 
Australia, and countries in northeast Asia and Latin America are subject to risk. Further, a larger reduction in air 
travel through airports in a large part of the cumulative incidence area would lead to a gradual decrease in the 
risk flow. Importantly, the exportation risk of the disease from some airports in China, Iran, and European 
countries has a higher global spread than the importation risk during the pandemic stage. Therefore, every 
airport, or government with airports in their jurisdiction, should implement strict countermeasures. It is also 
indispensable for these countries to undertake countermeasures for COVID-19, such as home quarantine within 
each country and restricting infected or suspected individuals from flying on airplanes.   

1. Introduction 

In December 2019, China reported cases of a novel coronavirus- 
infected pneumonia (COVID-19) in local hospitals in Wuhan, Hubei to 
the World Health Organization (WHO; Haider et al., 2020; Kandel et al., 
2020). On January 30, 2020, the WHO declared the outbreak of 
COVID-19 as a public health emergency of international concern (Kan-
del et al., 2020). As of March 3, 2020, a total of 90,869 cases had been 
confirmed globally in 73 countries (World Health Organization, March 
11, 2020). 

A limited number of studies already exist on the global risk of the 
COVID-19 outbreak (Haider et al., 2020). For instance, Wu et al. (2020) 
calculated the risk of spread through international flights compared to 
domestic flights. Chinazzi et al. (2020) constructed a global meta-
population disease transmission model to project the impact of travel 
limitations on the national and international spread of COVID-19; the 
results show that the travel quarantine of Wuhan delayed the overall 
epidemic progression by 3–5 days in mainland China, with a more 

marked international effect. Chinazzi et al. (2020) also estimated that a 
reduction of 90% or more in travel to and from China would extend the 
period during which the importation of cases is greatly reduced. 

Other important studies include Bogoch et al. (2020), Gilbert et al. 
(2020), Lai et al. (2020), and Haider et al. (2020). Bogoch et al. (2020) 
analyzed international airline passenger trips from ten Chinese cities: 
Wuhan, Beijing, Shanghai, Kunming, Chengdu, Xiamen, Haikou, 
Guangzhou, Shenzhen and Hong Kong, and the results show that Taipei, 
Bangkok, Tokyo, Seoul and Singapore received the highest number of 
passengers from the aforementioned cities. However, while valuable, 
Haider et al. (2020), Wu et al. (2020), Chinazzi et al. (2020), and Bogoch 
et al. (2020) did not evaluate the cumulative risk of importation of 
COVID-19 in a country and instead focused on specific points of entry. 

Gilbert et al. (2020) and Lai et al. (2020) also used air travel data of 
departures from airports in the affected provinces in China. Gilbert et al. 
(2020) focused especially on Africa and estimated the risk of importa-
tion into each African country and the results show that Egypt, Algeria, 
and South Africa were the countries at highest importation risk from 
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China; their study also assessed the African countries’ capacity to detect 
and respond to COVID-19. Haider et al. (2020) estimated a risk index of 
COVID-19 transmission from four major cities of China (Wuhan, Beijing, 
Shanghai, and Guangzhou) based on the number of travelers to desti-
nation countries, weighted by the number of confirmed cases in the 
departed city reported by the WHO; they ranked each country into four 
quartiles, based on the risk index. Their results show that countries with 
a higher risk of COVID-19 transmission outside China are Thailand, 
Cambodia, Malaysia, Canada, and the U.S. 

Furthermore, Pinnoti et al. (2020) analyzed importations of 
COVID-19 that were successfully isolated as well as those leading to 
onward transmission, while Sun et al. (2020) assessed trends in the 
epidemiology of COVID-19 and studied the outbreak progression across 
China by assessing delays between symptom onset and reporting before 
and after January 18, 2020 as awareness of the outbreak increased. 
Pinnoti et al. (2020) found a rapid exponential growth of importations 
from Hubei, combined with a slower growth from the other areas and 
predicted a rebound of importations from South East Asia. Sun et al. 
(2020) collected data for 507 patients with COVID-19 reported between 
January 13 and January 31, 2020 and found that delays between 
symptom onset and seeking care at a hospital or clinic were longer in 
Hubei province than in other provinces in mainland China and inter-
nationally across the analyzed period. 

Similar studies have also focused on other infectious diseases such as 
the Zika virus (Rockl€ov et al., 2020; Luo et al., 2020), yellow fever 
(Shearer et al., 2018), the influenza virus (Balcan et al., 2009; Lee et al., 
2018), Ebola (Marston et al., 2017), SARS (Drake et al., 2006), and 
others (Leta et al., 2018). Although the target of each study varies, some 
have common interests, both in terms of the role of airports or airlines in 
disease transmission (Hsu and Shih, 2010) and using spatial or mapping 
information for analysis (Leta et al., 2018). 

This study focuses on COVID-19 to calculate the relative risk of 
importation and exportation of the virus; the methodologies are based 
on existing studies. Although the existing studies analyzed the impor-
tation risk of COVID-19 from China to Europe, Africa, or the other 
countries, COVID-19 is currently regarded as a global pandemic disease 
and every city or country has the potential to be not only the epicenter 
but also a destination of disease spread via the global mobility of people 
around the world. Therefore, the most important contribution of this 
study is its assessment of both importation and exportation risk of 
COVID-19 spread via air travel from/to world airports based on the 
confirmed disease, air travel, and population data. Moreover, the change 
in the risk of importation is based on global spatial and mapping in-
formation. On March 11, 2020, the Director-General of the WHO (2020) 
characterized the COVID-19 situation as a pandemic on the basis of 

“alarming levels of spread and severity, and by the alarming levels of 
inaction.” It is therefore urgent to consider and evaluate the risk of the 
spread of COVID-19 not only from a specific country such as China or 
Italy, but also from any other global location. 

2. Methodology 

The risks of importation and exportation of COVID-19 were calcu-
lated based on origin–destination (OD) annual air travel flows (Fig. 1). 
The annual air travel flows used in this study were estimated based on 
Huang et al. (2013) model, where passenger flows between 1491 air-
ports on 644,406 unique routes were computed based on a dataset of 
network characteristics, city population, and local area GDP obtained 
from a variety of sources [the Airline Origin and Destination Survey, 
EuroStat, and the Official Aviation Guide (OAG; www.oag.com); Huang 
et al., 2013]. 

Fig. 2 shows the data on the population, airport location, and 
confirmed cases of COVID-19. WorldPop (www.worldpop.org) provided 
the mosaiced 1 km resolution global database based on Tatem (2017) 
and Lloyd et al. (2019) methodology. The confirmed case data of 
COVID-19 include all confirmed cases recorded until March 14, 2020, as 
provided by the Johns Hopkins Center for Systems Science and Engi-
neering, 2020; these data were also used by Haider et al. (2020), Chi-
nazzi et al. (2020), and Gilbert et al. (2020). 

The detailed calculation methodology is based on Gilbert et al. 
(2020) and is as follows. Risk flow (γod) from origin to destination is 
calculated by: 

γod ¼
eonoAod
P

jejnj
(1)  

where no is the travel flow from the origin (o), and the cumulative 
incidence (eo) is calculated as the total number of confirmed cases per 
municipality where airports are located, divided by the municipal 
population. Aod is the probability of traveling from origin (o) to desti-
nation (d), conditioned on traveling internationally. 

The exportation risk from origin (o) is then: 

Ro¼
X

j
γod (2) 

Similarly, the importation risk to destination (d) from any origin is: 

Rd ¼
X

i
γod (3)  

where both these relative risks are normalized to 1. 

Fig. 1. Annual air travel flows around the world.  
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Fig. 2. Population, airport locations, and confirmed global cases of COVID-19 until March 14, 2020.  

Fig. 3. Relative risk of importation (a) and exportation (b) (Unit: %).  
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3. Results 

Figs. 3–6 show the results of the risk flow and the relative risk of 
importation and exportation of COVID-19 via airports. Fig. 3 shows the 
relative risk of importation and exportation of each airport and Fig. 4 
shows the summarized values for each country. Fig. 3 shows that some 
airports, including in China and Iran, have a higher risk of both 
importation and exportation than other airports, while some airports in 
Europe, especially Italy, have a higher risk of exportation than of 
importation. Moreover, the U.S. seems to have more airports with a 
relative risk of importation than with relative risk of exportation. This 
means that although the U.S. did not show a high number of cumulative 
confirmed cases relative to the population on March 14, 2020, it has 
potential relative risk to import the pandemic disease. 

The top five countries with relative risk of importation of COVID-19 
shown in Fig. 4 are South Korea, China, U.K., Iran, and Spain, and those 
with exportation relative risk are Italy, South Korea, China, Iran, and 
Spain. Fig. 4 also clearly indicates that not only China, Europe, Middle 
East, and East Asia, but also various other countries such as the U.S., 
Australia, northeast Asian countries, and Latin America are exposed to 
risk to some extent. 

Figs. 5 and 6 show the risk flow of importation and exportation, or, in 
other words, the expected number of people infected by COVID-19. 
Fig. 5 shows the risk flow of importation and exportation of each 

airport and Fig. 6 shows the summarized values of the risk flow by each 
country. Fig. 5 indicates that, while airports with the highest risk flow of 
importation are in East Asia near mainland China where the first case 
was confirmed, the airports with high exportation risk flow are located 
not only in mainland China and East Asia, but also in the Middle East and 
Europe, especially near Italy. This confirms that COVID-19 is a pandemic 
rather than an epidemic disease. The top five countries having the risk 
flow of importation and exportation of COVID-19 shown in Fig. 6 are the 
same as the top five countries of relative risk. Although the risk flows of 
each airport in the U.S. are not high, as shown in Fig. 5, the summarized 
total value in the U.S. is high, as shown in Fig. 6. This is because the U.S. 
has a large number of airports and a large population that is susceptible 
to COVID-19. Fig. 6 also shows that some countries such as the U.S. and 
Brazil seem to have a larger amount of risk flow of importation than that 
of exportation. This indicates that those countries are more likely to 
import infected people rather than export them. Therefore, many air-
ports, or governments with jurisdiction over airports, need to implement 
strict countermeasures to reduce air travel for the benefit of their own 
citizens as well as for the global population. 

4. Scenario simulation 

Chinazzi et al. (2020) indicated that it is difficult to calculate the 
exact level of risk and transmissibility reduction brought about by 

Fig. 4. Relative risk of importation (a) and exportation (b) summarized by country (Unit: %).  
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international travel restrictions. However, due to the travel bans 
imposed by several countries, it is still useful to consider some scenarios 
to analyze the countermeasures for the spread of the COVID-19 
pandemic through airport and airline travel restrictions. 

In this study, three scenarios for importation and exportation risk are 
considered, and the change in the risk flow of importation and expor-
tation of COVID-19 is calculated. Hence, all airports are first classified 
into quartiles based on the cumulative COVID-19 incidence of the area 
in which each airport is located. 

In scenario 1, the change in transmissibility of the disease is 
considered by changing the transmissibility rate from 1 to 0.5 from the 
status quo. Scenario 2 considers that air travel from the airports located 
in the 1st quartile area (i.e., the highest 25% of the cumulative incidence 
area) is reduced by 90%, that of those in the 2nd quartile area is reduced 
by 60%, and that of those in the 3rd quartile area is reduced by 30%, 
without a change in transmissibility of the disease. Scenario 3 changes 
the transmissibility rate from 1 to 0.5 from scenario 2. 

Fig. 7 shows the results of the change in the risk flow of importation 
and exportation by scenario. Apparently, when air travel from an airport 
in the high cumulative incidence area is reduced by a larger percentage, 
the risk flow decreases gradually. However, even when the strictest 
reduction countermeasure is implemented, the risk flow of importation 
and exportation in China, Iran, the U.S., and some countries in Europe 
still exists. However, as many countries can reduce the risk flow of 

importation and exportation, the pandemic disease still prevails in some 
areas. This means that it is more indispensable for these countries to 
undertake countermeasures for COVID-19 such as home quarantine. 

5. Conclusion 

This study calculated the overall relative risk of importation and 
exportation of COVID-19 from/to every airport in local municipalities 
around the world based on existing studies and global spatial and 
mapping information. At the pandemic stage, the risk of exportation is as 
important as the risk of importation. This study examines both risks; it is 
more necessary to reduce the exportation risk than the importation risk 
from the perspective of risk flow. 

This study also conducts a basic simulation for three scenarios, and 
the results show that risk flow of importation and exportation in specific 
areas still exists even after executing the strictest reduction counter-
measures. This indicates the necessity of reducing air travel as much as 
possible; specifically, more than a 90% reduction is necessary in areas of 
high cumulative incidence. Therefore, flights must be minimized and 
politics should play a significant role in restricting travel to benefit in-
dividual countries as well as global health. 

This study is limited as it only collected static data at a certain stage 
of the pandemic disease; relative data were not up to date. Scenario 
analyses are also approximate due to data limitations and limited 

Fig. 5. Risk flow of importation (a) and exportation (b) (Unit: persons).  
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scientific clarity on how the pandemic disease is transmitted between 
people. Information and data were continuously changing throughout 
the period of this study, which was undertaken during the course of the 
pandemic. Therefore, ongoing analyses similar to this study with 
updated information and data are necessary for further comparison with 
the actual situation. 

Moreover, many OD trips involve intermediate stops at major hubs, 
such as Dubai and Singapore. Therefore, the risks for importing or 
exporting the virus from one of these hubs would be greater than our 
predictions. In addition, even if a country reduces direct flights from a 
high-risk city, unless indirect travel is also reduced, related counter-
measures may not be particularly effective. 

For further study, it is necessary to assess not only direct connections, 
but also indirect connections to Wuhan and Hubei, considering each 
city’s characteristics. Although the analysis of this study considers the 
population density in each area, factors of tourists’ or visitors’ flows via 
various transportation as well as business connections of people and 
products through supply chains must be considered. 

Nevertheless, the results may still support the planning decisions of 
policy makers for developing disease management strategies, and the 
decisions of ordinary people in changing their behavior with respect to 
air travel. For instance, it is indispensable for infected or suspected in-
dividuals to avoid flying to reduce the actual risk. Many countermea-
sures to prevent the spread of COVID-19 have been implemented by air 

companies and the International Air Transport Association (IATA, 
2020). According to IATA (2020), transport flights are categorized into 
three levels: high-risk flights, medium-risk flights, and low-risk flights, 
and differentiated prevention and control measures are applied after a 
comprehensive evaluation of the outbreak at the place of origin of the 
flights, whether the aircraft is equipped with high efficiency particulate 
air filters, and other indicators such as load factors, flight time, and 
mission of the flights. It is also important for passengers not to travel 
when they are ill and if they experience symptoms suggestive of respi-
ratory illness during or after a trip; they must seek medical attention and 
share their travel history with their health care provider or medical 
doctor. Furthermore, national and local governments should provide 
clear instructions and countermeasures for their people to reduce the 
actual risk of importation and exportation of COVID-19. 
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