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COVID-19 threatens the world. Social distancing is a significant factor in determining the spread of this disease,
and social distancing is strongly affected by the local travel behaviour of people in large cities. In this study, we
analysed the changes in the local travel behaviour of various population groups in Hong Kong, between 1
January and 31 March 2020, by using second-by-second smartcard data obtained from the Mass Transit Railway
Corporation (MTRC) system. Due to the pandemic, local travel volume decreased by 43%, 49% and 59% during
weekdays, Saturdays and Sundays, respectively. The local travel volumes of adults, children, students and senior
citizens decreased by 42%, 86%, 73% and 48%, respectively. The local travel behaviour changes for adults and
seniors between non-pandemic and pandemic times were greater than those between weekdays and weekends.
The opposite was true for children and students. During the pandemic, the daily commute flow decreased by
42%. Local trips to shopping areas, amusement areas and borders decreased by 42%, 81% and 99%, respectively.
The effective reproduction number (R;) of COVID-19 had the strongest association with daily population use of

the MTR 7-8 days earlier.

1. Introduction

Coronavirus disease 2019 (COVID-19) has been threatening human
life. As one of the most densely populated regions in the world (The
World Bank, 2020), Hong Kong is highly susceptible to the widespread
transmission of COVID-19 (Sethi and Mittal, 2020). In 2003, 1755 of the
8096 confirmed SARS cases worldwide (21.7%), were recorded in Hong
Kong (WHO, 2003). Various influenza viruses, such as HIN1, H5N1 and
H7N9, have spread widely through Hong Kong (Tam, 2002; Wu et al.,
2010; Wu et al., 2014). In the COVID-19 pandemic, as of 1 June 2020,
Hong Kong had reported 1093 confirmed cases (HKCHP, 2020a).

The SARS-CoV-2 virus is mainly transmitted via close contact among
people (Rothan & Byrareddy, 2020; Wu & McGoogan, 2020), which is
strongly associated with human behaviour. Social distancing can help to
reduce the transmission of this virus (Chen et al., 2020; Prem et al.,
2020). Local travel behaviour is one of the key factors to assess social
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distancing in the pandemic (Badr et al., 2020; Koo et al., 2020).

A reduction in mobility was observed, due to the pandemic at all
locations such as transit stations, workplaces, and retail and recreation
(Pepe et al., 2020). Traffic volume was significantly reduced due to the
pandemic (Vingilis et al., 2020). In the United States, an increase in the
local infection rate from 0% to 0.003% was associated with a mobility
reduction of 10.2% (Engle et al., 2020). In Greece, traffic volume
decreased by more than 80% during the most serious period of the
pandemic (Katrakazas et al., 2020). In Florida, the overall state-wide
traffic volume decreased by 47.5% (Parr et al., 2020). A dramatic
drop in mobility was observed in Hong Kong and Singapore between
January 24 and 27 (Warren & Skillman, 2020). Public transport (e.g. a
subway) has an influential role in the transmission of this virus, espe-
cially in highly populated cities (Ghosh et al., 2020; Liu, 2020). New
York City was badly affected by COVID-19 infections, and average
subway ridership decreased by 88.8% between 23 March and 19 April
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(Harris, 2020; Teixeira & Lopes, 2020; Wang et al., 2020). In the state of
Tennessee, USA, the bus ridership dropped by 65%-67% from 2019
baselines, before stabilizing at a decline of 42%-48%. Ridership decline
in the higher-income areas was greater than that in low-income areas
(Wilbur et al., 2020). In Europe, ridership decreased by 80% in some
cities in Germany, Austria, Spain and Italy due to reductions in
commuter demand and transport service supply (Bernhardt, 2020). In
the Netherlands, the number of trips decreased by 55% (de Haas et al.,
2020). In Seoul, subway ridership experienced a 40.6% drop during late
February but slowly increased afterward (Lee et al., 2020; Park, 2020).
Ridership reduction was caused by reduction in commuter demand
during the pandemic period, but people may change their local travel
pattern to personal transports in the post-pandemic period (Koehl, 2020;
Laverty et al., 2020).

Most of the studies looking at human mobility during the pandemic
are based on location data from mobile phones. This introduces some
bias since mobile phone usage is not universal. In addition, using the
distance as a factor to assess local travel behaviour may introduce some
errors. For example, if a person drove their car to a suburb instead of to
their workplace during the pandemic, their mobility may not change
because the distances of both travel routes may be equivalent. Using
smart-card data from public transport systems is a good way to monitor
local travel behaviour changes. Hong Kong has an advanced public
transport system, and the smart card is divided into five population
groups, which enables us to understand the local travel behaviour
changes in the different groups.

In Hong Kong, nearly half of all passengers would take the MTR
every day. The subway is a popular public transport system, but subways
are a vulnerable indoor environment for infection spread, due to
crowdedness and poor ventilation. Changes in local travel behaviour
reflected not only government strategies, but also citizens’ responses to
the outbreak (Badr et al., 2020). However, due to a lack of data, earlier
studies could not accurately characterize local travel behaviour changes
for the various population groups (e.g., adult, child, student, and senior)
due to the COVID-19 pandemic. In this study, we focus on changes in
local travel behaviour for users of the Mass Transit Railway (MTR)
system in Hong Kong. We collected more than 570 million smart-card
and ticket data of MTR use by the various population groups, from 1
January to 31 March 2020. We aim to understand the impact of the
COVID-19 outbreak on local travel behaviour, and how to predict the
spread of COVID-19 by using local travel data.

2. Method
2.1. Data source

Detailed MTR data were provided by the Hong Kong MTR Corpora-
tion. The data, from 1 January to 31 March 2020, included masked card/
ticket ID (the ID after masked and processed, not the original ID on
cards), entry/exit station, entry/exit time, ticket type (smartcard/ticket)
and card type of each passenger. The MTR system has five card types:
adult, child (ages 3-11 years), student (ages 12-25 years and enrolled in
a primary/middle/high school, university or institution of higher edu-
cation), senior (ages 65 years and above) and others (e.g., disabled, MTR
staff). The MTR data excluded airport express lines and the light rail
systems.

In addition to the MTR data, we collected other relevant data from
Hong Kong and other locations, such as demographic data, COVID-19
infection data, intervention policies during the pandemic and travel
congestion data from other cities.

e Demographic data including total population, gender and age dis-
tribution, were obtained from the Census and Statistics Department
of Hong Kong (HKCSD, 2020), and were used for calculating the
percentage of passengers, and assessing the relative infection risk by
gender and age.
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Reported COVID-19 data from 1 January to 30 April 2020, were
obtained from the Centre for Health Protection (HKCHP, 2020b), and
were used to analyse the relationship between local travel behaviour
and the infection spread.

The place of residence and visited locations for all confirmed cases,
which were obtained from news summaries (WARS, 2020), were
used to analyse the spatial relationship between the distribution of
the infected and the MTR turnstile data at different stations.

Data on people arriving in, and departing from Hong Kong, were
obtained from the Immigration Department of Hong Kong (HKID,
2020), and were used to assess the policies on lockdown and travel
restrictions in Hong Kong. These policies influence local travel
behaviour.

The local pandemic intervention policies adopted by the Hong Kong
SAR government, were obtained from a previous study, government
websites and online news sources (HKID, 2020; Cowling et al., 2020;
HKEN, 2020; HKN, 2020; SCMP, 2020; FORTUNE, 2020; REUTERS,
2020). This information was used to assess the intervention policies
in Hong Kong, since these policies influence local travel behaviour.
Monthly local public transport data, including the average daily
population flow by subway (MTR), railway excluding MTR, fran-
chised bus, public light bus, taxi and other public transport, between
January 2016 and March 2020 were obtained from Transport
Department of Hong Kong (HKTD, 2020). We used these data to
analyse the local travel behaviour changes due to the pandemic in
Hong Kong.

Travel congestion data, which were obtained from the TomTom
Website (www.tomtom.com), were used to analyse the relative
travel behaviour changes in different countries/cities/territories
(Tanveer et al., 2020).

2.2. Data processing

For the sake of accuracy and completeness, we screened the MTR
data using the following inclusion criteria to remove erroneous data:

(1) Information about a passenger’s entry and exit via the turnstiles
must be available.

(2) The entry and exit stations should not be the same.

(3) The entry and exit times should be in the range of the operating
hours of the MTR.

This data screening eliminated 1.4% of the overall data. More than
272 million records of passenger movement through the MTR were
considered valid. Passenger flow from time point A to time point B is
defined as the number of passengers leaving the MTR station between A
and B. To filter regular daily commutes from these movements, we
defined consecutive round trips between the same two stations as reg-
ular commutes. We defined the pandemic and non-pandemic weeks to
analyse the local travel behaviour during and before the COVID-19
pandemic. Between January 1 and March 31, pandemic week (March
25 to 31) is defined the week when the most weekly confirmed COVID-
19 cases were reported. The non-pandemic week (January 6 to 12) is a
week without either holidays or any reported COVID-19 cases, and is
regarded as a control group. We used the effective reproduction number
R, (Appendix A), to indicate the severity of virus transmission.

In this study, we defined that the mobility change by MTR use to be
the percentage difference in average daily subway-use at time t,
compared to the average of that in a non-pandemic week (January 6 to
12). Some studies that used mobile phone data to evaluate human
movement, defined the mobility change to be the percentage difference
in average daily distance travelled in an area at time t, compared to the
average of that on the same weekday before the COVID-19 pandemic
(Engle et al., 2020).
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2.3. Study area

As of the end of 2019, the population of Hong Kong was 7.5 million
(HKCSD, 2020). The total average daily passenger load on the MTR,
railways excluding MTR, franchised buses, public light buses, taxis and
other public transport modes between 2016 and 2019 was 12.6 million
(Fig. S1a). The subway (MTR) plays a critical role in local transportation
in the city and includes 95 MTR stations and 11 lines (Fig. S1b). In
normal times, nearly 5 million people take the MTR each day. We used
MTR data to analyse human movement for this study.

3. Results

Since the first confirmed COVID-19 case in Hong Kong on 23 January
2020, the city had recorded 1038 confirmed cases by the end of April
2020. Distribution by age and gender is shown in Fig. S2. All imported
and unidentified cases originated from 48 countries and territories
(Fig. S3a). Almost all temporary stay locations of the local and un-
identified cases were distributed near the MTR stations and lines
(Fig. S3b). Eight of these temporary stay locations were visited by more
than 10 cases. Hong Kong International Airport ranked first (visited by
105 cases); four bars were ranked second to fifth (visited by a total of 94
cases); and a hotel, party room and religious building were visited by 12,
11 and 10 cases, respectively.

Hong Kong implemented strict travel restrictions starting 30 January
2020 (Fig. 1). The total arriving and departure travellers gradually
decreased after the Chinese New Year (CNY) holiday. Following the 14-
day mandatory quarantine for individuals from mainland China, the
number of imported cases decreased by 94% from the number during
1-20 January. After the travel restrictions were extended to all countries
and territories on 26 March, the daily number of arrivals had not
exceeded 5000 (including local residents and foreign visitors). Before
the CNY holiday, 45.6% of arriving and departure travellers took the
MTR to enter and leave Hong Kong (Fig. S4).

3.1. Temporal characteristics of local movement behaviours in Hong Kong
In Hong Kong, around 95% of passengers use a smartcard to take the

MTR (Fig. 2a). After the CNY holiday, total MTR ridership decreased by
52.3%. In the non-pandemic week, 76.1%, 3.1%, 5.8% and 11.7% of

500

Chinese New
Year Holiday

250

Imported
(x1000)

Exported
(x1000)
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MTR passengers used adult, child, student and senior cards, respectively.
In the pandemic week, the corresponding numbers decreased by 41.9%,
85.5%, 73.3% and 47.8%, respectively. Table S1 lists the detailed data
for the non-pandemic and pandemic weeks.

Fig. 2b shows that most people took two MTR trips per day, and we
believed that most of these trips were daily commutes (e.g., going to the
workplace/school and returning home). All ridership exhibited a more
regular pattern of movement (probability distribution of number of MTR
trips per day) on weekdays than on Sunday, and in the period before the
pandemic compared to during the pandemic. Changes in the patterns of
movement of adults and seniors between the non-pandemic and
pandemic week were more remarkable than those between workdays
and the Sunday of the same week. There was no significant change in the
patterns of movement for children before and during the pandemic, but
a significant decrease was seen in the number of children using the MTR
during the pandemic. Children and students exhibited obvious differ-
ences in the patterns of movement between workdays and Sundays.

During the non-pandemic week, the population flows through the
MTR on Saturday and Sunday decreased from weekday levels by 9.7%
and 23.4%, respectively (Fig. 2¢). Compared to the non-pandemic week,
the population flow through the MTR during the pandemic week
decreased by 43.1%, 49.1% and 58.6% on the weekdays, Saturday and
Sunday, respectively. Very few people need to commute to work on
Sunday, which means that during the pandemic period, around 60% of
Hong Kong residents avoided using public transports if there was no
need to go to school or work. During the COVID-19 pandemic, the
passenger numbers during in the morning and evening peak hours,
decreased by 43.0% and 40.8%, respectively. The peaks of the morning
and evening rush hours during the pandemic week were slightly wider
than that during the non-pandemic week because the local government
advocated that people commute to work at different times.

3.2. Spatial characteristics of local movement behaviours in Hong Kong

To examine changes in patterns of movement in Hong Kong, we
selected six stations in different types of areas: residential, workplace,
school, shopping area, amusement area and border (Fig. 3). At the
workplace area station, the number of regular adult commuters
decreased by 47.3% during the weekdays in the pandemic week. At the
University station, the numbers of adults and students decreased by
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Fig. 1. Daily arrivals and departures, COVID-19 case report, and related local policies between 1 January and 30 April 2020.
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Fig. 2. Local travel behaviour via MTR during the non-pandemic and pandemic
weeks. (a) daily changes in population flow through the MTR against the
number of new cases between 1 January to 31 March 2020; (b) probability
distribution of number of MTR trips per day on workdays and Sunday during
the non-pandemic and pandemic weeks; (c) half-hourly MTR population flow
by card type.

56.3% and 93.1%, respectively, because of the pandemic. The peak in
the shopping area occurs between 18:00 and 19:00 on weekdays. The
populations of adults, children, students and seniors visiting the shop-
ping area decreased by 39.4%, 80.9%, 65.0% and 42.2%, respectively.
Many children visit the amusement areas (e.g. Disneyland), especially
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on Fridays and over the weekends. The pandemic had a massive effect on
the population inflow to amusement areas. The numbers of children,
students and seniors decreased by 98.9%, 95.8% and 79.2%, respec-
tively. During the pandemic week, there was no rush hour in the
morning and evening. Lo Wu represents the largest border between
Hong Kong and Shenzhen, China. During the pandemic week, almost no
passengers entered or left via Lo Wu station. Overall, the populations in
the residential area, workplace, school, shopping area, amusement area
and border decreased by 35.3%, 41.6%, 67.9%, 42.1%, 80.5% and
99.5%, respectively, during the pandemic week.

The MTR lines from Central to Quarry Bay and from Central to Tsim
Sha Tsui are the busiest lines in the entire network (Fig. 4a). In the non-
pandemic week, the daily number of people using Tsim Sha Tsui, Central
and Mong Kok stations exceeded 250,000 on weekdays, whilst the
number of people using Mong Kok, Sheung Shui and Lo Wu (border)
stations exceeded 210,000 on Sunday. In the pandemic week, the total
number of passengers decreased by 43.1% on the weekdays. Mong Kok,
Kwun Tong and Tsim Sha Tsui ranked in the top three in terms of
number of users of MTR stations. Because of the travel ban regulation,
stations near the border had very few passengers. Sham Shui Po, Mong
Kok and Causeway Bay had more than 80,000 passengers each on
Sunday of the pandemic week. Hong Kong International Airport, a
church, four bars, a hotel and a party room were eight places visited by
at least 10 confirmed local cases. Except for the airport, six of the seven
high-risk places were located in areas with high MTR populations. The
pandemic strongly impacted the border MTR populations (e.g., Lo Wu,
Lok Ma Chau) and amusement areas (Disneyland and Ocean Park), and
the traffic flows in those areas decreased by more than 99% and 80%,
respectively.

There was no significant correlation between passenger volume
changes before and during the pandemic and the daily passenger vol-
umes of the MTR station on weekdays, whilst a significant correlation (p
= 0.027) was observed on the weekend before and during the pandemic.
This implies that Hong Kong citizens intentionally avoided going to
densely crowded public places during the COVID-19 pandemic (Fig. 4a).
In the pandemic week, there was a greater reduction in MTR use at the
weekend than for weekdays, however, the correlation was not very
significant (p = 0.082). No such trend was seen before the pandemic
(Fig. 4b). The number of passengers at Quarry Bay station during the
pandemic week, a business district, decreased by approximately 68%
compared to that of the non-pandemic week (Fig. 4b). In the non-
pandemic week, the borders and amusement areas have 10%-70%
more visitors on Sunday than during the rest of week. The detailed
spatial distribution of daily MTR ridership is shown in Fig. S6.

Fig. 5 shows that the modularity of the MTR network and the pro-
portion of the population flow within communities on weekends are
both higher than those on weekdays, with the exception of the CNY
holiday. These data suggest that people travelled more locally (within
communities) on weekends. After CNY, both figures tended to decrease
overall, possibly suggesting that increasing awareness of the pandemic
led people to reduce unnecessary travel, whilst daily commutes for
work, which normally occur across communities, were not heavily
influenced. The detailed network information is found in Fig. S5.

3.3. Relationship between COVID-19 transmission and MTR populations

A significant correlation (R = 0.73) was found between total MTR
population and effective reproduction number (R) (Fig. 6a). R, was
better correlated with the child and student population (delayed by 7
days), followed by that of seniors (Fig. 6b). Therefore, daily MTR card
data for adults can be used as a plausible indicator for predicting R;.

4. Discussion

In 2020 thus far, travel behaviours have been affected by disease
prevalence and restrictive orders to stay at home. Many countries and



N. Zhang et al.

Adult
Enter the station H

Lcave the station

Child  Student

Cities 112 (2021) 103139

Senior

Non-pandemic Pandemic

Non-pandemic Pandemic

‘= 8000 6000

g 0 LLLLLK LLLLLLLM ;‘ 0 A.hluhlul adoad sk sl ol

_: 8000 800 a 6000 400
:’:3 blhbhbhos (o] 0 E ddad o 0
& 800 800 2, 400 400
é 0 LMMA PRy Z 0 oo b b i

g 800 800 S 400 400
= AhAARKA [Mkkkkkal) = annkbas |emmmmenp

Q

=7 800 400
> =

=’ 2000 ‘ 1000

4] 0 “““A A““u E 0 JJJJJJJ LA

> >

£ 2000 200 1000 ] 300
g Y D" I 0 5 s i dddd 0
] 200 200 « 300 300
C..). Oﬂhﬂhﬂﬂﬁl Ahhaakd g ol dddddad - "

o

=

= 200 200 9 300 300
& ﬁ““‘ A‘l“‘ 0 é I O O (B | 0
(=]

= 200 < 300

University

School

: Lo Wu

Border

Non-pandemic Pandemic
2000
o hMUMM

2000

AL AL M

—_
o
(=3
(=]

doakokd A

(=]

o
(=
(=]

5000
0 Y

gl NN

1000

LLLL.L...-.A

M

(=]

—_
[
(=
(=]

1000

1000

1000

1000

1000
0
1000

1000
0
1000

Fig. 3. Half-hour subway ridership in the six MTR stations from different types of area, during the non-pandemic and pandemic weeks. (The y-axis shows the half-
hourly population flow through the station. The workplace and school areas only show the data of regular daily commuters, whilst the shopping and amusement area

only show the data of non-regular daily commuters.)

o Weekday: pandemic to non-pandemic week
© Sunday: pandemic to non-pandemic week

100 o o o o
T o
90 o Lok Ma Chau Lo Wu
o Disneyland .
S %0 | %o Sheung Shui
=] o~—Ocean Park o
. ;_,9 University
5 70 F | 000
=1 o © 0Q0 0o o o -
2 60 S 000 8.---77 °
o | R o
& 50 5%, oooE o105
o
5 OBB G0 oS D@ -2 - - - =
8 40 r O o @ @ O% Q
£ °, o 0 0% o ° o
30 F oooo gboo °© 5 °
20 1 1 1 1 1 J
0 50 100 150 200 250 300

o Non-pandemic week: Weekday & Sunday
o Pandemic week: Weekday & Sunday

80 éo—or Quarry Bay
°© Llo oo .

60 r 5 o Sheung Shui
=y o
< 4 .
= o, ° ° 5
£ 2 ot ety ©
g @ X~} o (o]
= o o
@ 0§ o o o
) o l—o
820 FOcean Park Lo Wu
5 o
o 1
E -40 Lok Ma Chau
s 60 C,)—Disneyland

-80 1 1 L 1 1 ]
0 50 100 150 200 250 300

Numbers of people entering and exiting various MTR stations on each day (x1000)

(a)

(b)

Fig. 4. Relationship between population and percentage reduction by MTR station in (a) the non-pandemic and the pandemic weeks and (b) weekdays and Sundays.

cities have imposed travel restrictions during the COVID-19 pandemic
(Chinazzi et al., 2020; Kraemer et al., 2020), which have strongly
affected international and intercity travel behaviours. However, local
travel, which is one of the most important factors reflecting personal
responses to disease transmission, has not been restricted to a large
extent. Public transportation contributes to the spread of diseases due to
the many users (Megahed & Ghoneim, 2020). In this study, we analysed
changes in local travel behaviours in Hong Kong during the pandemic,
based on more than 500 million smartcard and ticket data obtained from
MTR for the period between 1 January and 31 March 2020.

Most major cities worldwide have been affected by COVID-19, and
traffic patterns have changed considerably. During the pandemic week

(the week with the highest number of newly reported cases each day),
traffic congestion decreased by 96.5%, 95.0%, 91.6%, 91.3%, 91.3%,
90.3%, 86.9%, 80.4%, 79.3%, 75.5%, 63.1%, 55.4%, 40.7% and 34.7%,
in Shanghai, Singapore, Moscow, New York, Beijing, Paris, Wuhan,
Madrid, Rome, London, Los Angeles, New Delhi, Tokyo and Hong Kong,
respectively (Fig. 7). This shows that the interventions implemented in
Hong Kong had the least impact on local travel behaviours out of all
these other cities. However, the local behavioural changes between
weekdays and weekends in Hong Kong were not regular, like those in
Beijing and Shanghai.

In Hong Kong, children (reduced by 86%) and students (reduced by
73%) experienced the greatest change in their local travel behaviours,
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possibly due to school closures. Seniors (8%) and adults (42%) saw
smaller reductions. In the Netherlands, by contrast, approximately 80%
of people reduced their outdoor activities, with the most significant
decrease being among seniors (de Haas et al., 2020). Brough et al.
(2020) found that travel intensity declined considerably less among less-
educated and lower-income individuals, even after accounting for mode
substitution and variation across neighbourhoods in terms of the effects

of reduced public transit services. Fraiberger et al. (2020) also found
that mobility reduction of people in the top 10% of wealth was twice
that of those in the bottom 10% of wealth. The poorer population is
more vulnerable and they generally have to keep going to work during
the pandemic, which may lead to a higher infection risk.

Although the total number of MTR trips decreased significantly
during the pandemic, the percentage of regular travel (taking the sub-
way twice per day) increased, especially for adults and seniors. Students
and children were not required to attend school since the schools closed
on 22 January 2020, and no obvious changes in regular travel were seen
during the pandemic. Because parents may have taken children and
students outside during the weekends, changes in the local travel be-
haviours of this demographic between the non-pandemic and pandemic
weeks were smaller than changes between weekdays and weekends.
More than 75% of MTR passengers sampled in this study were adults.
The extent of decrease on the weekend was much greater than the
decrease on weekdays. A 60% decrease in local travel was seen on
Sunday, which indicates that the perception of personal risk was high,
and only a small number of residents had to travel to work on Sunday,
especially during the pandemic. During the pandemic, residents delib-
erately avoided areas with a high density of people, as indicated by
greater declines in passenger flow at the stations with higher passenger
volumes. A previous study also found that areas with higher population
densities were more responsive to the pandemic (Engle et al., 2020).

Local travel behaviour was also influenced by intervention strate-
gies, such as regional lockdowns, stay-at-home orders, and travel re-
strictions (Zhang et al., 2020; Pappalardo et al., 2020). For instance, an
official stay-at-home restriction order decreased mobility by 7.87% in
the United States (Engle et al., 2020). In the UK, movement was seen to
gradually decrease by 80%, after a lockdown order was imposed (Had-
jidemetriou et al., 2020). In Germany, mobility was reduced by roughly
40% due to the lockdown policies, but mobility returned to normal
levels with the lifting of the restrictions (Schlosser et al., 2020). It is
difficult to calculate mobility reduction due to personal response to the
pandemic without considering the intervention strategies.

Compared to the week from March 25 to 31, 2019, the mobility at
work and retail/recreation areas decreased by 19%, and 30%, respec-
tively during the most-serious pandemic week (March 25 to 31, 2020)
(Apple Maps, 2020; Google LLC, 2020). We found that passenger flows
to work, shopping malls, and amusement areas reduced by 42%, 80%,
and 99%, respectively. The data showed that local travel behaviour
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Fig. 7. Traffic congestion and daily reported cases of COVID-19 in different cities.

related to going to the workplace changed the least. Many densely-
populated areas, such as shopping centres and zones with high den-
sities of bars and karaoke rooms are near MTR stations. In Hong Kong,
cluster infections were reported associated with bars, karaoke rooms
and party halls. Therefore, the changes in local travel behaviours to
these stations can serve as an indicator of the reduction in infection risk
at high-risk locations. Central urban areas (e.g., amusement areas,
business districts, workplaces and schools) are located in different parts
of Hong Kong, so changes in local travel behaviour observed at different
stations can be used to deduce the changes in activities in different urban
central areas, and based on these observations, the infection risks in
these areas can be further analysed. In Wuhan and Shanghai, daily
contact decreased 7-8-fold during the COVID-19 pandemic (Zhang,
et al., 2020), and the daily traffic congestion also decreased by more
than 86%. In Tokyo, human movement decreased by around 50%,
resulting in a 70% reduction in social contacts (Yabe et al., 2020). In
New York City, there was a strong correlation between turnstile usage
data from the subway system, and reported COVID-19 deaths and cases
(Fathi-Kazerooni et al., 2020). Therefore, local travel behaviour can be
considered as an important factor in increasing the probability of close
contact, which directly affects the infection risk. Our data show that
infection spread had the strongest relationship with the daily population
using the MTR, albeit with a 7-8-day delay.

Governments can adopt different levels of intervention policies to
reduce pandemic spread according to the local infection risk. Flexible
working hours can shave the peak of daily ridership, to reduce the
infection risk during the commute. A low-risk occupancy rate in the
subway spaces should be further evaluated, and the frequency of public
transport can then be changed to accommodate the real-time ridership
to reduce traffic congestion on public transport. Various levels of
intervention schemes can be implemented in MTR stations according to
the corresponding congestion levels, since MTR stations have a high
infection risk due to the high activity level and crowdedness (Peng &
Jimenez, 2020). The entry policy should be evaluated according to the

recent newly reported cases in the corresponding region. Finally, the
daily MTR population can be used as an indicator to track the pandemic
progress, and for the government to adjust intervention policies.

When considering long-term epidemic infection control policies,
shopping malls, supermarkets and the business district can be allowed to
conduct normal business, but with a guaranteed occupancy limit. This is
based on both our results and other studies that have shown that people
take the initiative to reduce travel to these crowded areas. However,
bars, karaoke establishments and other highly crowded spaces should be
closed due to the high risk of close contact. For people of different ages,
different supporting polices should be applied. For example, adults
could be allowed to work more flexibly to reduce rush hour peaks and
office occupancy. For seniors who lack livelihood support, temporary
government assistance should be provided during the pandemic. Com-
mon school closure policies for children and students were imposed by
governments around the world, as our study of the data showed to have
been the correct policy.

This study has a few limitations. We grouped all Hong Kong residents
and visitors into five categories: adults, senior, children, students and
others. However, it is likely that not all seniors, children and students
used their own discounted card, and some may have used a regular or
normal card (adult), which would introduce some errors in our analyses.
In addition, we assumed that all passengers used only their own card
when taking the MTR, which may also have introduced some errors.
Moreover, choosing the specific pandemic week and the non-pandemic
week to represent the status of the pandemic and of normal times may
also introduce some errors.

In the future, other local travel data for other types of public trans-
port (e.g., bus, taxi), which were not available to us, should be collected
for similar analysis. In addition, long-term MTR turnstile data should be
collected to analyse how local travel behaviour changes after the
pandemic. Local travel habits may have been changed because of the
pandemic. Moreover, when another outbreak comes, the difference in
local travel behaviour between the different waves of the COVID-19



N. Zhang et al.

pandemic will be of great value, and new policies focusing on local
travel behaviour could be developed.

5. Conclusion

The study analysed changes in the local travel behaviour of adults,
students, children, and seniors on the Metro Transit Railway in Hong
Kong before and during the pandemic (between January 1 and March
31) by using second-by-second smartcard data. Due to the pandemic,
local travel volume decreased the most on Sundays. Students and chil-
dren reduced their MTR-travel the most because of school closures,
whilst adults and seniors reduced their MTR-travel by 42% and 48%,
respectively. The changes in local travel behaviour of adults and seniors
between the non-pandemic week and the pandemic week were greater
than the changes between weekday and weekend, but the reverse was
true for children and students. Local travel behaviour became more
regular during the pandemic. Using the daily MTR-use data could well
predict the severity of infection spread 7-8 days later.
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