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Abstract: The global closure policy to limit the spread of the new coronavirus (COVID-19) in 2020 was
based on public safety and health considerations. In the implementation of arrangements to prevent
the epidemic, the function of the transportation system as a basis for securing cities has been severely
affected. After summarizing the domestic and international literature on epidemic policies and travel,
this study analyzes the changes of the spatial and temporal distribution characteristics of people’s
travel and the impacts in the context of the two epidemic phases in Beijing and abroad. During
the epidemic, traffic volume into and out of Beijing showed a downward trend. In our study, we
found that total travel volume in Beijing during the Spring Festival in 2020 was down by about 70%
year-on-year, the distribution of daily traffic trips during the day was not affected by the outbreak,
and six urban areas in the center of Beijing experienced greater declines in travel volume compared
to other urban areas. The conclusions of the study can provide a reference for the sustainability and
recovery of urban areas and formulation of policies in the subsequent pandemic era in terms of the
relationship between public travel and epidemic control.

Keywords: COVID-19; policy; travel volume; spatiotemporal distribution characteristics; sustainability

1. Introduction

COVID-19 swept the world, causing severe effects on the socioeconomic, energy–
environment, and transport sectors globally [1]. Since the global outbreak of COVID-
19 [2,3], the epidemic situation at home and abroad has continued to evolve and change.
As of June 2021, nearly 180 million confirmed cases of COVID-19 globally were reported to
the WHO, and the uneven pattern of epidemic development is obvious, with the situation
in the Americas, Europe, and Southeast Asia still not optimistic. The United States lacked
experience in fighting such an outbreak in the early stages of the epidemic; there are
currently more than 30 million confirmed cases and 690,000 deaths in that country. India
has a huge population base, a lack of health and medical security conditions, and low testing
levels. There has been an explosive growth of 400,000 new confirmed cases every day. As
in the United States, the cumulative number of confirmed cases has exceeded 30 million.
Brazil’s infection rate and number of deaths have increased again compared to before, with
nearly 80,000 newly diagnosed cases every day (data source: https://www.who.int/zh
(accessed on 29 June 2021)). China was the first country to discover the new coronavirus
and suffer the impact of the epidemic. The first outbreak of COVID-19 in Wuhan at the end
of December 2019 coincided with the peak of people returning home during the Spring
Festival. For the sake of public safety and to minimize losses, in the early days, Wuhan
had to implement tactics of blocking the city to reduce the flow of people, but the impact
of the city blockade measures is huge, and this is a measure used only for emergencies.
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Provinces and cities initiated first-level responses to the public health emergency—primary
and secondary schools closed, and many enterprises adopted a policy of online office
and home work in response to the government’s epidemic policy. Concerning COVID-19
prevention and control, China controlled the epidemic as quickly as possible, and restarted
social activities by controlling the transportation system.

Among the various social sectors responding to COVID-19, aside from the medical
sector, the transportation sector is the one most closely linked to outbreak prevention and
control. The transportation system, while ensuring basic human and logistic transport,
also facilitates the spread of the virus due to its special vector nature, but it is also severely
affected by the slowdown of socioeconomic activities and restrictions on social interactions.
Transportation consumption is closely associated with the output of all industries. As
a pandemic worsens, the output of all sectors declines more [4]. Many domestic and
international studies have shown that the development of the epidemic and its prevention
and control measures have had a significant impact on transportation systems [5–7], with
the air transport sector being the most severely affected [8,9]. Occurrences such as reduced
population mobility, continued decline in airline orders, flight groundings, and company
layoffs created a critical situation for the air transport industry during COVID-19, and
according to ICAO (2020) data, the number of passengers dropped by 2.9 billion, and the
economic loss was about 390 billion USD for the year 2020. In addition to the aviation sector,
the negative impact of COVID-19 on railroads, waterways, and urban public transport
activities is also more serious [3]. At the same time, owing to the reduced number of vehicles
being operated in cities, the COVID-19 pandemic had a positive impact on air pollution [10].

Today, with increasing globalization, travel activities and freight traffic derived from
economic trade activities and tourism are on the rise. The efficiency, speed, and coverage
of modern transportation networks expose people to the risk of emerging new strains of
common diseases or completely new diseases [11], and these epidemics and their vectors
can spread faster, farther, and more violently than ever before with today’s well-established
transportation networks [12]. The expanding global transportation networks by land, sea,
and air created extremely high accessibility among regions worldwide, which led to the
COVID-19 outbreak sweeping through multiple countries since late 2019, with hundreds
of millions of confirmed cases to date. In most of the past, people and regions were
mostly separated from each other, and the imperfection of transportation systems did not
create conditions to fuel viral spread. According to historical data, the first pandemic
of the Black Death in Europe was a localized outbreak that infected two-thirds of the
European population. As a result of renewed population growth and increased travel
activity, the Black Death outbreak expanded geographically and posed a threat to previously
unaffected areas [13], resulting in hundreds of cases in at least 14 countries (World Health
Organization, 2003).

COVID-19 led to a global depression. The most detrimental of these widespread and
severe mitigation strategies is the forced shutdown of nonessential businesses in order to
reduce social contact and transmission of the virus [14], such as SARS [15]. These measures
have a restrictive effect on transportation activities, and the transportation system affects
the spatial distribution of the population. Currently, the development of the epidemic
is normalized and long-term, and the epidemic abroad mostly involves cross-infection
and has not been effectively controlled, although there have been epidemic outbreaks
in many places in China, such as Wuhan, Beijing Xinfadi Market, Dalian, Shijiazhuang,
Guangzhou, etc. While precise control of the epidemic has been achieved through the strict
implementation of various effective prevention and control measures, many areas, after
going through the complete process—zero infection, emergence of cases, transmission, and
case clearance—can be analyzed for the impact of the epidemic and control policies on
traffic and travel activities independently.

This study examines the changing characteristics of transportation demand during
the various stages of the epidemic under various prevention and control measures, and
two development processes are selected as the subjects of the study. In order to simplify



Sustainability 2022, 14, 1733 3 of 17

the follow-up work, we named the first outbreak the Spring Festival epidemic and the
second the Xinfadi epidemic, both of which went through the complete process—zero
infection, transmission, cases zero again—to analyze the impact of the epidemic and control
policies on transportation and to determine the recovery and sustainable development of
the post-pandemic era. These two phases were in the early stages of the epidemic. During
the Spring Festival, when the epidemic was in its early stages and involved the spatial
movement of large numbers of people, it was characterized by simultaneous outbreaks at
multiple points; in the case of Xinfadi, after 56 consecutive days of zero confirmed cases in
the local area, the epidemic rebounded with a single local outbreak and then spread to the
periphery, but the spread was quickly interrupted based on previous control experience.
Based on these observations, this paper examines the changes in traffic travel in Beijing
during the Spring Festival outbreak and at various stages of the Xinfadi outbreak.

2. Literature Review

The COVID-19 epidemic has spread worldwide, and herein we review and organize
some of the research completed and progress made from 2020 to the present.

The various restrictions introduced by countries in response to COVID-19 led to a
significant drop in traffic in many countries and regions. For example, the State of Qatar
took measures to prevent and control COVID-19 by closing all educational institutions,
closing public parks, restricting international travel from a few countries, and limiting
international flights from some countries [16]. The Spanish government issued a lockdown
to contain the virus, closing all commercial establishments (except pharmacies and food
stores), cab services, and public transportation and banning the admission of international
travelers from all countries [17]. The UK government introduced measures directly related
to residential travel on 16 March 2020, with a “recommendation” not to leave the house
unless necessary (UK Government, 2020). In addition, Transport for London announced
restrictions on services on its transport network on 18 March 2020 (TFL, 2020), and a full
(national) lockdown was implemented on 23 March 2020, with “guidance and advice” to
avoid unnecessary travel and maintain social distance [18].

According to statistics provided by Google (Google 2020), the total global traffic
volume decreased in the range of 40 to 65% as a result of the COVID-19 epidemic. The
output of the passenger sector in China declined more than that of the freight sector; the
output of the freight sector was expected to decline by 1.03–2.85%, and that of the passenger
sector by 3.08–11.44% [19]. The outbreak in Wuhan, China, in early 2020 coincided with the
peak of spring transportation and the city’s special location as a “thoroughfare through
nine provinces”, necessitating a citywide lockdown policy to block the transmission route
of the epidemic, which directly led to a reduction in traffic and residential activities by
more than 50% [20], and there was a trend of declining physical activity and well-being
among adults during the second COVID-19 outbreak blockade in Germany [21]. In 2017,
2018, and 2019, the movement of Spring Festival passengers in China was 2.981 billion,
2.971 billion, and 2.981 billion, respectively. The outbreak coincided with the eve of the
Spring Festival in 2020, which had been expected to see a peak of about 3 billion travelers,
but due to the epidemic, passenger movement dropped significantly to 1.319 billion.

In the face of the rampant spread of the global COVID-19 epidemic, attention has also
been given to constructing applicable models to analyze and predict the links between the
epidemic and transportation networks in the context of epidemic transmission mechanisms
and development patterns. Studies have shown that the spread of the epidemic has a
strong positive correlation with population movement and migration, and that transporta-
tion contributes to the spread of the epidemic and accelerates the spread of viruses and
diseases [22–25], Browne et al. compared SARS, MERS, and coronavirus and found that
air transportation accelerated and amplified influenza transmission [24]. Zhu et al. used
a random effects panel data model and a reverse difference (DDR) model and found that
Wuhan’s high-speed rail and airline had a significant positive impact on the number of
new confirmed cases, with a 25.5% higher daily average of new confirmed cases in cities
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directly connected to Wuhan than in cities not directly connected. Air transport was less
affected than high-speed rail transport [26]. Zhang et al., in their study on the impact of
cross-regional outbreaks of COVID-19 on controlling its spread, found that city closures
were not the best strategy to contain outbreaks; in fact, a purely urban closure might not
mitigate the effects of the virus without accompanying nonlockdown measures such as
conditional isolation, as occurred in Italy, Spain, and New York [27]. In this paper, we focus
more on COVID-19 and the connection between epidemic prevention and control measures
and traffic, so the research work on epidemic spread is not covered here.

In a review of 418 policy measures adopted in Australia, Canada, Japan, New Zealand,
the United Kingdom, and the United States, Zhang et al. concluded that policy measures
to combat COVID-19 with regard to public health and transportation were not associated
with a decline in either cumulative deaths or cumulative infections, and the continued
increase in global confirmed cases from 2020 to the present may support their findings [28].
At the same time, it is noteworthy that people’s travel patterns have changed significantly
over the course of the epidemic, with many scholars [29,30] finding that COVID-19 has had
a significant impact on public transportation services, travel behavior, and travel mode
preferences worldwide, with public transport use declining sharply. Results based on such
studies can help authorities give some consideration to people’s travel preferences in the
context of the epidemic when formulating policies.

The results of the abovementioned studies suggest that in the post-epidemic era we
should take advantage of the role of the transportation system as a link and transmitter
in the normal functioning of all sectors of society. The two cases of the epidemic in
Beijing selected for this paper provide a database for studying the impact of epidemic
prevention and control measures on transportation activities, which can be used to study
the mechanism of the impact of such strategies on travel during COVID-19. Based on the
description of data sources in Section 3, the spatiotemporal distribution characteristics of
the development of the Spring Festival and Xinfadi epidemics and their impact on traffic
are discussed in Section 4, and the conclusions and limitations of this paper are presented
in Section 5. Figure 1 shows the content structure of this study.

Figure 1. Content structure of this study.
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3. Data Description

The scope of this study is Beijing Municipality as a whole, and the data include
reported cases of COVID-19 during the Spring Festival pandemic, reported cases during
the Xinfadi cluster outbreak, and the series of control measures issued by the government
during each time period, including case data and various control measures from the Beijing
Municipal Health Commission (http://wjw.beijing.gov.cn/ (accessed on 29 June 2021)), the
National Health Commission (http://www.nhc.gov.cn/ (accessed on 29 June 2021)), and
statistics published by the Beijing Municipal Government (http://www.beijing.gov.cn/
(accessed on 29 June 2021)). The time span of the Spring Festival phase of the study was
20 January to 30 March 2020 and the time span of the Xinfadi phase was 1 June to 6 August
2020, with the cumulative confirmed cases counted for each district in Beijing.

Beijing cell phone signaling data from a certain mobile phone operators, obtained as
the original traffic data, were converted into traffic data according to the mobile phone
signaling data processing method [31]; the dataset does not contain user identification
information and does not extract the specific travel trajectories of users. Since failed
signaling data do not necessarily reflect users’ real location information and cannot be used
to analyze travel OD, such data were filtered in the process. For the problem of missing
data in some time periods, the missing values were completed based on the proportion of
travel volume in each time period under normal conditions.

The steps to obtain the traffic volume in and out of Beijing were as follows:

1. Divide Beijing into eight directions: north, northeast, east, southeast, south, southwest,
west, and northwest, based on the main roads into and out of the city.

2. When obtaining the traffic volume into Beijing, 5 km of the boundary line is area O,
and the remaining part within the boundary line is area D.

The opposite was true for the regional division of outbound traffic to obtain OD.
The traffic demand data were obtained after processing the raw cell phone signaling

data, which covered 89 days under normal conditions without the outbreak, 60 days
during the resumption of work and production after the Spring Festival was affected by
the pandemic, and 30 days during the Beijing Xinfadi outbreak.

4. The Development and Changes of Epidemics and Travel

Spring Festival marks the Lunar New Year, accompanied by a travel rush causing
massive transportation stress. During this period, traffic congestion occurs as the number
of passengers rises across the country as people return to their hometowns and go out for
activities. The initial phase of the outbreak coincided with the Spring Festival period. The
widespread movement of people accelerated the spread of the pandemic.

The epidemic outbreak in June 2020 was highly related to the city’s largest wholesale
market, Xinfadi Market. It was the source of the local pandemic, which is known as the
“vegetable basket of the capital”, is located in the Huaxiang area; it is 21 times larger than
Wuhan’s south China seafood market and responsible for more than 90% of Beijing’s supply
of vegetables and fruits, and has the highest trading scale in Beijing. The market is densely
populated and highly mobile, with many sources of people coming and going. In view
of the nature of the Xinfadi market and its impact on Beijing, if the spread of the Xinfadi
epidemic had not been contained, the impact would have been catastrophic.

The following is a summary of some important time points during the development
of the epidemic cluster in Xinfadi market and the measures introduced (Figure 2).

4.1. Temporal and Spatial Distribution Characteristics of Epidemics
4.1.1. Temporal Distribution Characteristics of Epidemics

Figure 3a shows the development of the novel coronavirus in Beijing from 20 January
to 30 March 2020, including the current number of existing confirmed cases and the number
of new cases in Beijing. Figure 3b shows the current number of confirmed cases, obtained
after removing imported cases shown in Figure 3a.

http://wjw.beijing.gov.cn/
http://www.nhc.gov.cn/
http://www.beijing.gov.cn/
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Figure 2. Xinfadi outbreak prevention and control measures.

Figure 3. (a) New and cumulative confirmed cases in Beijing, and (b) overseas imported and
cumulative confirmed cases in Beijing (excluding overseas imported).
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Compared to the COVID-19 outbreak during the Spring Festival, the Xinfadi outbreak
spread rapidly, with clusters of cases appearing within a short period of time; it took only
5 days from the first to the 100th new case (Figure 4).

Figure 4. Trend in number of reported cases during Xinfadi epidemic over time.

4.1.2. Spatial Distribution Characteristics of Epidemics

Figure 5a shows the distribution of the number of confirmed novel coronavirus di-
agnoses by region in Beijing from when the first case appeared until the end of March
2020, with Haidian and Chaoyang Districts recording the highest numbers of confirmed
cases. There were 335 clustered cases in the Xinfadi epidemic and the distribution of the
confirmed cases in each district of Beijing in the Xinfadi outbreak is shown in Figure 5b.
The spread of the epidemic was centered on the Xinfadi market; 221 cases (66%) were
within 5 km, 270 cases (80.6%) within 10 km, and 314 cases (93.7%) within 15 km. This
shows that this was a single-point localized outbreak of an aggregated epidemic, which
later spread to 11 districts.

Figure 5. (a) Distribution of the number of confirmed cases of COVID-19 in Beijing by region in the
Spring Festival pandemic, and (b) distribution of the number of confirmed cases of COVID-19 in
Beijing by region in the Xinfadi epidemic.
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Compared with the epidemic during the Spring Festival, the Xinfadi epidemic was
not affected by the mass migration caused by special factors such as the Spring Festival
travel rush. Therefore, in Beijing, the confirmed cases occurred in 11 districts, while cases
occurred in 15 districts during the Spring Festival.

A total of 46 medium-risk and high-risk streets (towns) were involved in the whole
epidemic outbreak in Xinfadi Market, as shown in Figure 6 (only partly marked). The area
marked red is the range of five high-risk streets.

Figure 6. Distribution of epidemic-risk neighborhoods (townships).

Considering the delay in the release and dissemination of information about the
epidemic among the general public, a correlation analysis was conducted between traffic
volume decline and the related epidemic factors after n days, and the results are shown
in Table 1. It can be seen that decreased traffic volume is significantly correlated with the
numbers of cumulative confirmed cases and medium- to high-risk streets when compared
to a delay of one day in the release of epidemic-related information.

Table 1. Correlation analysis of epidemic-related factors and reduced traffic volume.

Factors N(t + 0) N(t + 1) N(t + 2) N(t + 3) N(t + 4)

Cumulative
number of

confirmed cases

Pearson
correlation 0.880 0.879 0.87 0.844 0.823

Sig. (bobtail) 0.000 0.000 0.000 0.000 0.000
Number of cases 28 28 28 27 26

Number of new
confirmed cases

Pearson
correlation 0.196 0.361 0.519 0.545 0.476

Sig. (bobtail) 0.316 0.059 0.005 0.003 0.014
Number of cases 28 28 28 27 26

Medium- to
high-risk street

numbers

Pearson
correlation 0.866 0.887 0.866 0.848 0.826

Sig. (bobtail) 0.000 0.000 0.000 0.000 0.000
Number of cases 28 28 28 27 26
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4.2. Temporal and Spatial Distribution Characteristics of Travel under Epidemics
4.2.1. Changes in Traffic Travel within Beijing

This section examines the characteristics of changes in traffic demand within Beijing’s
districts and in and out of the city relative to 2019 under the influence of the dual factors of
the Spring Festival holiday and the novel coronavirus outbreak.

Due to the epidemic prevention measures, the traffic volume within Beijing during
the Spring Festival showed a downward trend compared to the same period the previous
year. We can see that the total traffic volume in February 2020 had a year-on-year decrease
of 67.8%. Additionally, the total travel volume in Beijing in the first two weeks of June 2020
under normal conditions was lower than in the same period the previous year. The total
travel volume for the entire Beijing Municipality decreased by 25.3% during that period.

On the 23rd day of the first lunar month of 2019, the total traffic volume in Beijing was
between 13 million and 14 million (Figure 7a). On the 23rd day of the first lunar month
of 2020, the total traffic volume was only about 3 million (Figure 7b). The return trend of
the Spring Festival tourist season in 2020 is the same as that in 2019. However, due to the
impact of the epidemic, it was orders of magnitude smaller than the trend of traffic volume
during the return journey in 2019.

Figure 7. (a) Normal traffic volume trend within Beijing in February 2019 and (b) comparison of
traffic volume and confirmed coronavirus cases in Beijing.

As shown in Figure 8, during the two epidemics in Beijing, the districts and counties
with larger decreases in travel volume are represented by Chaoyang, Haidian, Dongcheng,
Xicheng, and Fengtai Districts, so it is believed that both outbreaks had a large impact on
traffic in the central city.

During the period of the Xinfadi outbreak, due to the implementation of restrictions
such as booking and restriction of traffic during time slots and distant evacuation under the
secondary response to major public health events, Dongcheng and Xicheng Districts, with a
higher concentration of celebrities’ residences and places of interest in Beijing, experienced
the greatest decrease in travel volume, 40.76 and 33.37%, respectively, compared to the
same period in 2019. Fengtai District accounted for 68.7% of confirmed cases reported in
the outbreak, with a 31.37% decrease in travel volume, and Daxing District ranked second
in the number of confirmed cases, with a 26.06% decrease in travel. Shijingshan District,
one of the central urban areas involved in the epidemic at that time, saw a 19.41% drop
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in travel volume due to its small footprint, small population base, and low percentage of
cross-district travel volume (Figure 9).

Figure 8. Comparison of traffic volume in each district of Beijing in February 2019 and 2020: (a) Spring
Festival epidemic and (b) the Xinfadi epidemic.

Figure 9. Decline in travel volume per unit area in Beijing, by district and county.

The traffic conditions in Beijing were basically consistent with the economic, pop-
ulation, and development level of each district. Within the scope of Beijing, Chaoyang,
Haidian, Fengtai, Dongcheng, and Xicheng Districts, all have relatively well-developed
economic and cultural industries. The travel population is relatively concentrated. As a
consequence, the degree of decrease in each district was influenced by the development
characteristics of the epidemic itself and the control measures; the geographic location and
development level of each district were also among the influencing factors.

The travel recovery after the epidemic is also affected by many of the same factors.
After the Spring Festival, the travel conditions (the average of the occurrence of the morning
peak) in each district were as follows (Figure 10). Traffic activity was gradually restored
from the central six districts to the outer districts.
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Figure 10. Morning peak recovery in Beijing from 7:00–9:00 a.m.: (a) the first working week after
Spring Festival 2020 (10–14 February), (b) the second working week after the Spring Festival in 2020
(17–21 February), and (c) the fifth working week after the Spring Festival in 2020 (9–13 March).

The daily travel cycle in the Huaxiang area under normal conditions includes signif-
icant morning and evening peak patterns during weekdays; the maximum of morning
and evening peaks dropped significantly in the first week after the epidemic, but overall,
significant commuting characteristics were retained, and commuting was weaker during
weekdays in the second week after the epidemic (22 to 28 June 2020), as shown in Figure 11.

Figure 11. Change in travel volume in the Huaxiang area for four weeks in June 2020.

Under normal conditions, they have obvious commuting characteristics and cyclical
properties. Travel on nonworking days after the outbreak was more sluggish than normal.
This shows that in the middle and late stages of the epidemic, the decline in travel volume
was not as sharp as that in the early stages.

While people responded positively to the prevention and control policies during the
epidemic, they also reduced their travel activities during the concentrated travel time-out
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so that they would not increase their risk of infection. The overall distribution of daily
travel during the day is not affected by the measures.

4.2.2. Changes in Traffic Volume into and Out of Beijing under the Influence of the Epidemic

Under normal circumstances, Beijing has the largest amount of traffic from inside and
outside the city to the south, southeast, and east (Figure 12). The provinces with the widest
population distribution and frequent economic and trade exchanges are mainly located
in the southeast coastal cities and south of Beijing. The traffic volume in and out of the
city in February 2020 dropped significantly compared to the same period in 2019, but the
proportion of traffic activity in all directions did not change. Among the eight directions,
the traffic volume is still mostly east, southeast, and south.

Figure 12. (a) Beijing’s inflow volume in 2019 compared to 2020. (b) Beijing’s outflow volume in 2019
compared to 2020.

During the Xinfadi epidemic, from 11 June to the end of the month, the inflow and
outflow of the city generally both showed the same downward trend (Figure 13), except for
travel fluctuations due to weekday and off-day reasons. Compared with the same period
in 2019, in 2020 the total inflow to Beijing decreased by about 6.24 million trips and the
total outflow decreased by about 10.27 million.

4.2.3. Analysis of the Impact of Domestic and International Epidemics on Traffic and Travel

To reduce the spread of infection, many other countries have imposed strict travel
restrictions on people’s travel and business. Some countries gradually or suddenly resorted
to imposing restrictions that have resulted in partial or complete embargoes (https://www.
gco.gov.qa/en/media-centre/press-release/ (accessed on 27 June 2020)). The embargo
measures have limited the amount of travel and activity people can engage in globally,
which has had a direct impact on people’s travel characteristics. In the same way that the
two outbreaks in Beijing had a limiting impact on total travel, travel activity in the UK has
gradually decreased since 8 March 2020 with the introduction of a series of prevention and
control measures and stabilized at around 80% after the implementation of the blockade [18].
During the same period, traffic during the Spring Festival fell by about 70% year-on-year
due to the impact of the epidemic and prevention policies, and total travel in Spain fell
by more than 40% in 2020 [32]. Because of the different points in time when restrictions
were implemented in each country, some countries gradually implemented restrictions on
travel, and some suddenly implemented restrictions that resulted in partial or complete
blockades, and these restrictions changed the amount of travel on a global scale [16].

https://www.gco.gov.qa/en/media-centre/press-release/
https://www.gco.gov.qa/en/media-centre/press-release/
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Figure 13. (a) Relationship between traffic volume to and from Beijing and new confirmed cases, and
(b) relationship between traffic volume into Beijing and new confirmed cases.

Meanwhile, there was also a shift in people’s travel mode choices during and after
the epidemic. Combining the results of two samples from Beijing during the epidemic
and the Spanish government [32] during the pandemic, people limited their choice of
public transportation and more often chose to drive individually. According to data from
the Ministry of Transport (Figure 14), passenger traffic in Beijing showed a significant
decline in February when the epidemic was severe, dropping 83.8% compared to the
same period the previous year. Total passenger traffic in Beijing in June was down 46.7%
compared to the same month the previous year. After the implementation of restrictions
in Spain, the proportions of people choosing private cars and walking greatly increased,
and the proportion of people choosing public transportation was greatly reduced. People’s
consideration of factors such as the safety of the transportation mode and the possibility of
infection was an important component of the decline in public transportation use.
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Figure 14. Comparison of passenger traffic in Beijing for the same period in 2020.

4.2.4. Time Lag Effects of COVID-19 Policies on Travel Volume

As shown in the previous analysis, during the spread of the epidemic, local govern-
ments or institutions may implement a series of prevention and policies to slow the spread
of the epidemic, and the implementation of these policies will bring a certain degree of
effect to the transportation system. However, these changes will not be reflected in liquidity
immediately, but will be reflected in some future period.

We use change point detection to identify changing points in traffic volume to quantify
the time lag effects of the COVID-19 pandemic and policies. Change point detection
goes through model selection and chooses the appropriate segmentation to minimize the
objective function. Formally, linear penalties are linear functions of the number of change
points, meaning that:

pen(ω) = β(ω) (1)

The computationally efficient PELT algorithm is chosen here, with the main assump-
tion that the number of change points increases linearly with the size of the data, and that
the change points are not limited to a portion of the data [33,34]. Precisely, for two indexes
t and s (t < s < T), the pruning rule is written as:

if
[
min

ω
V(ω, y0..t) + β|ω|

]
+ c(yt..s) ≥

[
min

ω
V(ω, y0..s) + β|ω|

]
(2)

If this relationship holds, then t cannot be the last change point prior to T.
The length of the lag is calculated as the difference between the policy’s implemen-

tation date and the date detected by the change point detection algorithm. Based on the
model calculation results, combined with the actual background and policies, the date of
the change point screened out is shown in Figure 15.

Each section between the two change points is in a stable trend. Due to the severity of
the epidemic and the activation of the wartime mechanism in Fengtai District, and from
16 June to 21 June, Beijing announced that the public health level was raised to Level two,
resulting in a continuous decline in traffic volume for five days. For example, after the
outbreak began on 11 June, traffic began to drop on 12 June, with a lag of 1 day. From 11 to
13 June, a series of measures was introduced, such as suspending classes, closing a number
of residential areas around the market, launching a wartime mechanism in Fengtai District,
and flexible work from home, these led to a precipitous 50% drop in travel volume from
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the norm in the Huaxiang area. These drastic changes are uncommon in our transportation
system. Understanding the delay effects over time can inform how long it takes for the
impact of COVID-19 policies to be reflected in various transportation systems, and when
transportation systems should prepare to adapt to these changes.

Figure 15. Detection results of daily volume change points for Huaxiang Street.

5. Conclusions and Limitations

This paper studies and analyzes the impact of COVID-19 on changes in traffic demand
in Beijing and summarizes the relevant measures introduced in the city during the pan-
demic. In the context of domestic and foreign epidemics, we analyzed the impact of the
epidemic and its corresponding policies on transportation.

COVID-19 has had a great impact on the transportation needs of people around the
world. Compared with the normal situation, the overall traffic volume inside and outside
Beijing during the two epidemics showed a significant downward trend. This decline in
traffic volume is the result of multiple factors involving regional population, economic
development level, etc. In addition, under the control of government measures and based
on their own willingness to travel, people have changed. Compared with other urban
areas, the traffic volume in the central city of Beijing has fallen to a greater extent, but the
overall distribution characteristics of daytime transportation have not been affected. The
number of medium- and high-risk streets, the cumulative number of confirmed cases, and
the degree of decline in traffic volume show a significant correlation. In the choice of travel
mode, people have also limited their choice of public transportation in order to reduce
infectivity. Therefore, it is precisely because the transportation system plays a role as a link
in various sectors of society, so in the period after the COVID-19 epidemic, discussing the
mechanism of the role of the epidemic and various measures on transportation activities
has a significant impact on the normal operation of society and the restoration of social
functions. The results of the analysis above can provide a reference for how to coordinate
the work of various sectors of society through traffic management, in order to achieve the
purpose of not only blocking the spread of the epidemic, but also for maintaining people’s
daily routine during the epidemic.
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This study only uses traffic volume in Beijing and official data from the Ministry of
Transport as research data. Although it can directly reflect the trends and directions of
changes in traffic demand with the spatial and temporal characteristics of the development
of the epidemic and the prevention and control policies, further specific studies are needed
to examine the mechanism of the profound impact of the epidemic on transportation de-
mand. This study does not focus on the prediction of traffic volume and the propagation
mechanism of the epidemic by transportation mode. Finally, the change point detection
model is only used for the change detection of traffic volume, and it is analyzed in com-
bination with the policy. In-depth modeling and derivation are not carried out. We will
continue to address these issues and improve the analysis in future work.
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