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(e COVID-19 pandemic and antipandemic policies have significantly impacted highway transportation. Many studies have been
conducted to quantify these impacts. However, quantitative analysis of the impacts on province-wide traffic in developing countries, such
as China, is still inadequate. (is paper tried to fill this gap by proposing equations to quantify the traffic variations of overall province-
wide traffic and to analyze the intercity bus traffic variation and intercity bus usage, applying the K-means cluster method to conduct the
analysis of traffic reductions in regions with different levels of economic development, and using the hypothesis testing for traffic recovery
analysis. It is found that passenger vehicle traffic and truck traffic dropped by 59.67% and 68.19% during the outbreak, respectively. (e
intercity bus traffic on highways declined by 59.8% to 98.6%, and the intercity bus usage dropped by 55.6% on average. For traffic
reductions in different regions, the higher theGDPper capita was, themore the trafficwas affected by the pandemic. In regionswith lower
GDP per capita, traffic variations were minor. It is also found that the passenger vehicle traffic went through four stages in 99days: the
Decline Stage, Rapid Recovery Stage, SlowRecovery Stage, andNormal Stage, while truck traffic only experienced theDecline Stage, Rapid
Recovery Stage, and Normal Stage and took 51days to recover to the Normal Stage. In the Rapid Recovery Stage, the recovery rates were
15.6% and 12.9% per week for passenger vehicle traffic and truck traffic, respectively, and the recovery rate was only 2.1% for passenger
vehicle traffic in the Slow Recovery Stage. Despite the recovery of traffic volumes, neither passenger-kilometers nor tonne-kilometers of
freight in 2020 reached the same level as in 2019.(ese findings help the understanding of the pandemic’s impacts on highway traffic for
researchers and can provide valuable references for decision-makers to develop antipandemic policies.

1. Introduction

Since December 2019, the rapid spread of the COVID-19
pandemic has brought about a series of problems to the
international community. (e outbreak of COVID-19 has
affected daily human activities and produced incalculable
impacts on various industries. It brought challenges not only
to medical and public health management but also to other
areas such as governance and transportation [1]. Although
the pandemic has been going on for more than one year, it is
still horrible in many countries. For instance, in South Asia,
the World Health Organization (WHO) reported that the
number of confirmed cases increased again in an explosive
manner, with more than 300,000 new cases per day in May
2021 [2]. Recently, the COVID-19 Delta variant spread

quickly and has caused new changes to the world. (erefore,
the pandemic is far from over.

Most countries have experienced varying degrees of
impact from the pandemic and adopted different levels of
antipandemic measures. In China, despite the strict anti-
pandemic policies being taken at the early stage of the
outbreak, there were still 90,604 confirmed cases and 4,739
deaths as of October 4th, 2020 [3]. Fortunately, the spread of
the pandemic was contained timely in China. In South
Korea, a total number of 9,786 confirmed cases were re-
ported by the end of March of 2020 [4], which disrupted
daily life and caused severe damage to the economy [5].
Some other countries, such as the U.K., Italy, and Spain,
experienced significant economic downturns and many
confirmed cases under the loose pandemic prevention policy
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[6]. To reduce the spread of the pandemic, the WHO has
made recommendations of wearing masks, maintaining
social distance, and reducing gatherings [7]. In addition,
some local governments had changed their antipandemic
policies from loose to strict. (e local governments also
declared city lockdowns and travel restrictions for some
cities with severe outbreaks. Some evidence from the studies
had shown that travel restrictions played a crucial role in
controlling the spread of the pandemic, especially in the
early stage of the outbreak [8]. However, these measures and
policies would have an impact on the transportation system.

Many studies have been conducted to analyze the im-
pacts of COVID-19 on transportation systems from different
perspectives. For instance, several studies have investigated
the traffic variation during the outbreak, traffic recovery,
mobility, and traffic safety from a province-level or a na-
tional-level perspective [9–13]. Traffic reduction and
changes in urban mobility behaviors also have been studied
[14]. In addition, due to the recommendation of keeping
social distance, people’s attitudes towards public trans-
portation and travel patterns also become hot study topics
[15, 16]. In China, there are also some studies on the as-
sessment of the impacts of COVID-19, but most of them
mainly focus on urban traffic. For example, Zhou et al.
combined the Event Study Methodology and Empirical
Mode Decomposition to evaluate the impacts of anti-
pandemic policies on traffic in Beijing [17]. In the study, the
proposed method described how the traffic flow was sup-
posed to be if the pandemic did not occur. Besides, there is a
study about the influence of the pandemic on ride-sourcing
and taxi markets [18]. (e spatial structure evolution of
population flow in cities with different traffic control situ-
ations has also been explored [19]. And another study in-
vestigated the situations of people’s travel frequency and
travel modes during the pandemic [20]. Few studies assess
the province-wide impacts on traffic of highway networks.
(erefore, to fill this gap, this study aims to analyze the
impacts of antipandemic policies on province-level highway
transportation system, which would help researchers and
decision-makers understand the impacts better on province-
wide highway traffic in China.

(e study will try to answer the following questions: how
has the highway traffic been affected during the outbreak of
COVID-19? How has intercity public transportation
changed during the outbreak of COVID-19? What are the
differences in the extent to which traffic is affected in regions
with different levels of economic development? How long
did it take to recover? Correspondingly, four main issues are
examined: (1) the province-wide traffic variations on
highways during the outbreak; (2) the traffic variations and
usage of intercity public transportation during the outbreak;
(3) the traffic variations in different regions with different
levels of economic development; and (4) the time required
for the recovery of highway traffic.

(is paper is organized as follows. Section 2 reviews the
existing studies on four aspects: traffic variations during the
outbreak of COVID-19; traffic variations and usage of in-
tercity public transportation; traffic variations in different
regions with different levels of socio-economic development;

and the process of traffic recovery. Section 3 presents
methods adopted to conduct analyses in this paper. Section 4
introduces the study area, confirmed cases of COVID-19,
and the antipandemic policies. Section 5 illustrates the re-
sults of four aspects mentioned in Section 2. Section 6
discusses the findings, compares them with existing studies,
and provides suggestions. Finally, Section 7 summarizes the
key findings and provides the directions for future study.

2. Literature Review

(e COVID-19 and the antipandemic policies caused a
significant decline in traffic. For instance, studies show that
traffic volumes had already reduced significantly before the
stay-at-home order and dropped further after the order went
into effect [21]. In addition, the study in Qatar assessed the
impacts of pandemic response measures on traffic mobility
by quantifying the holistic impacts on traffic volume and
traffic safety [6]. It is found that traffic volume declinedmore
with more antipandemic policies implemented, which is a
6.2% decline with one antipandemic policy implemented,
22.6% with two, and 30.4% with three. (is illustrates the
effectiveness of combining multiple antipandemic policies.
(erefore, the antipandemic policy is a key element that
contributed to the drop in traffic.

Traffic variations depend not only on the antipandemic
policies but also on levels of economic development. Similar
policies in different countries with different levels of eco-
nomic development could lead to different levels of impacts.
Several studies have tried to quantify these impacts. In the
United States, a study assessed traffic reduction after
implementing stay-at-home orders in North Carolina and
Virginia, which shows a decline in traffic up to 40% [22]. In
addition, evidence from Florida also shows a dramatic drop
of 47.5% in overall state-wide traffic after implementing
state-wide policies to limit person-to-person interaction
[10]. In Europe, stay-at-home orders also had a considerable
impact on traffic. Italy imposed a nationwide lockdown on
March 12th of 2020 to deal with a surge in confirmed cases.
As a result, it caused a 50% reduction in the total number of
trips between Italian provinces [23]. A similar phenomenon
occurred in Spain: overall mobility fell by 76% [24]. Asian
countries, such as South Korea, experienced less reduction in
traffic, with only a maximum of 26.1% decrease during the
outbreak of COVID-19 [25]. Obviously, after implementing
the antipandemic policies, a significant drop in traffic was
inevitable [26]. It is noteworthy that most studies about the
state-wide or country-wide traffic variation come from
developed countries; studies about state-wide traffic re-
duction from developing countries are rare. (erefore, there
is a need to study the traffic variation in developing countries
during the outbreak of COVID-19.

(e COVID-19 pandemic and antipandemic policies
cause the reduction in traffic and raise concerns about
hygiene in public transportation, which makes people use
them less. A study in Australia shows great concern about
public transportation hygiene issues under a policy imposing
travel restrictions and social distancing, causing a decline of
53% in public transportation usage [15]. In Colombia, it is
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found that the reduction in public transportation demand
was between 90% and 80% during the pandemic [16]. Be-
sides, Lee et al. [14] also found that people’s behavior is
sensitive to the COVID-19 severity in developing countries
[14]. Most travellers are public transportation-dependent in
some developing countries [27]. (erefore, concerns about
hygiene in public transportation are widespread and seem to
be more pronounced in developing countries. However,
existing studies mainly focus on urban public trans-
portation. Few studies have addressed intercity public
transportation on highways, so the impacts of COVID-19 on
intercity public transportation are still an area that needs to
be studied.

When the pandemic was severe, some governments
would impose strict antipandemic policies. (ese policies
caused a dramatic decline in traffic in the short run, and then
the traffic would recover after the policies were relaxed. (e
recovery of traffic after strict antipandemic policies was
cancelled and is also of interest to decision-makers and
researchers.(e time needed for recovery varies from region
to region. For example, in North Carolina and Virginia, the
average weekly recovery rate of traffic volume was in a range
of 2.3%–3.4% per week [28]. However, by the time, the study
has been finished, and the average traffic still had not entirely
returned to normal [28]. (erefore, although the traffic has
trended back after the policy was eased, it is hard to return to
preoutbreak status within a few months. Few studies have
depicted the whole process of traffic returning to normal.

In a nutshell, many studies have been conducted to
evaluate the impacts of COVID-19 on traffic. However, the
impacts of COVID-19 on highway traffic in developing
countries have not been well studied. (erefore, this paper
devotes to provide valuable findings to illustrate the impacts
on province-wide highway traffic in China from four aspects:
the traffic variations on highways during the outbreak; the
traffic variations and usage of highway intercity public
transportation during the outbreak; traffic variations in
regions with different levels of socio-economic development;
and the whole process of traffic recovery.

3. Methods

3.1. Traffic Variation Quantification. Many studies have
been conducted to quantify the impacts of COVID-19 on
traffic. (e traffic variation is typically used to measure the
impacts. Since the impacts of the COVID-19 occurred in
2020, many studies chose 2019 traffic data as the historical
baseline data for comparison. For example, equation (1),
which calculates the percentage of change in traffic from
2019 to 2020, was applied to evaluate the impacts of COVID-
19 on traffic in North Carolina and Virginia [28]. Some
similar studies in different countries also adopted similar
metrics to evaluate traffic reduction [6, 25]. However, in
some areas where the 2019 data cannot be obtained, the data
before the pandemic outbreak were used as the baseline data
to evaluate the traffic variation [21]. In addition, the pre-
dicted traffic volume based on historical data with the as-
sumption of the absence of COVID-19 can also be used as
the baseline [17].

TChange �
Traffic2020−Traffic2019

Traffic2019
× 100%, (1)

where TChange is the traffic variation and Traffic2020 and
Traffic2019 are the daily traffic volume in 2020 and 2019,
respectively.

Traffic variations in three periods, as presented in Ta-
ble 1, are calculated to evaluate the impacts of COVID-19 on
traffic. Specifically, equation (2) is used to compare the traffic
volumes at each traffic count station before, during, and after
the outbreak in Phase I. Equation (3) is used to analyze the
average traffic reduction for a region in Period II. Equation
(4) is applied to calculate the average traffic variation for a
specific day in Period III to show the traffic recovery
throughout the entire year.
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where Rt
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station j in the qth quarter; jc is the traffic count station index
in region (or province) c; and V
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(or province) c in the qth quarter of 2019 and 2020,
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where Rt
dj is the average traffic variation of vehicle type t at

all traffic count stations in the specific day d; Vt
2020 dj is the

daily traffic volume in the date d of traffic count station j;
V

t

2019j is the average daily traffic in traffic count station j; and
n is the number of traffic count stations.

Period I, also called the outbreak period, refers to the
Spring Festival travel rush (40 days) starting from January
10th to February 18th of 2020. (e Spring Festival travel rush
refers to a phenomenon that a large number of passengers
return to their hometown before the Spring Festival (a
nationwide holiday of China) and back to their workplace
after the Spring Festival, which caused a high pressure on the
transportation system. To better understand the traffic
variations before, during, and after the outbreak of pan-
demic [14], Period I can be further divided into three phases,
as shown in Table 2. Spring Festival is the most important
festival in China. Its corresponding Gregorian calendar dates
differ from year to year because it is based on the Chinese
lunar calendar. Hence, the dates of the Spring Festival travel
rush period also change every year. However, although the
dates are different, the traffic characteristics during this
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particular period in different years are similar and still
comparable. (erefore, the traffic in the Spring Festival
travel rush in 2019 was selected to compare with that in 2020.

As shown in Table 2, in 2020, Phase 1 started from
January 10th to January 23rd. During this phase, most people
were not yet aware of the pandemic. (erefore, the traffic
was similar to that before the pandemic. Phase 2 was the
lockdown phase starting from January 24th to February 9th.
Most people stayed at home during Spring Festival and
reduced travel since January 24th even though the govern-
ment only issued an official announcement on January 28th

to reduce travel. Strict antipandemic policies were imple-
mented during this phase, and traffic volumes dropped
significantly. In Phase 3, from February 10th to February
18th, some people went back to work, but strict antipandemic
policies were still in place.

In order to quantify the changes in traffic at each of these
periods, around two years of traffic count data from 168
traffic count stations distributed in Yunnan Province were
collected for the study. (e locations of the traffic count
stations are shown in Figure 1. (e data in 2019 cover
January 2019 to September 2019 and December 2019; the
data in 2020 cover the whole year. Each station counts the
traffic for each type of vehicle at a five-minute interval. (e
traffic count stations collect two types of traffic data: pas-
senger vehicle traffic and truck traffic. Typically, the COVID-
19 has different impacts on passenger vehicle traffic and
truck traffic.(erefore, the results of passenger vehicle traffic
and truck traffic variations are presented, respectively.

3.2. Impact AnalysisMethods. In this paper, several forms of
figures are used to present the collected data, such as line
graphs, box plots, and bar graphs. Methods of cluster
analysis and hypothesis testing were adopted to analyze the
data. Before conducting the cluster analysis, the data are
normalized using the z-score method and then clustered by
the K-means clustering method. In addition, the hypothesis
testing method is used to analyze the differences between
groups of data.

3.2.1. Clustering Method. (e K-means clustering method is
a widely used approach to classify the samples based on their
attributes [29]. In the K-means clustering method, the

samples are divided into specified clusters by the size of the
distance between each sample. (e principle of classification
is to keep all points within the same cluster as close as
possible while keeping cluster-to-cluster distances as far as
possible [30]. (e equations of the clustering algorithm are
shown in equations (5) and (6).

wj �
il∈Cj

il

Cj




, (5)

E � 
k

j�1


il∈Cj

il − wj




2
, (6)

where k means the number of clusters; il indicates the el-
ement in i1, i2, i3, . . . , in , which belongs to the specified
cluster Cj; Cj is the cluster that belongs to a set of clusters
C1, C2, C3, . . . , Ck  with the set of centroids
w1, w2, w3, . . . , wk ; and E is the error function.

(e traffic volume always correlates to the socio-eco-
nomic activities of human beings. For instance, during the
lockdown, since the socio-economic activities of residents
were restricted, people had to give up some unnecessary
travel, such as those for tourism, leisure, and entertainment
purposes [31]. (erefore, regional economic data in Yunnan
Province during Period II in 2020 were collected from the
Yunnan Provincial Bureau of Statistics to explore their re-
lationship with traffic volume changes [32].

Using SPSS software, K-means clustering was adopted to
explore the impacts of COVID-19 on traffic in different
regions with different economic development levels. Five
indicators were selected for clustering, including per capita
GDP, GDP growth rate, the total number of confirmed cases,
reduction in passenger vehicle traffic, and reduction in truck
traffic. (e reductions in passenger vehicle traffic and truck
traffic were calculated using equation (3). (e data of each
region are shown in Table 3.

3.2.2. Hypothesis Testing. Hypothesis testing is a widely used
method for statistical inference [33]. (is method can de-
termine whether the results of a survey or an experiment are
significant and can test the difference between two data
groups. Parr et al. [10] applied the t-test to check whether
there existed a difference in traffic volume before and after

Table 1: Time horizon of study.

Period code Period name Focus
I (e outbreak period (40 days) Traffic variation before, during, and after the outbreak (Phase 1, Phase 2, and Phase 3)
II (e first quarter of 2020 Traffic variation in different cities with various levels of development
III (e entire year of 2020 Recovery of traffic in 2020

Table 2: (ree phases in Period I.

Phase Time horizon Dates in 2019 Dates in 2020 Notes
1 Before Spring Festival Holiday Jan. 21st to Feb. 3rd Jan. 10th to Jan. 23rd Nonholiday
2 During Spring Festival Holiday Feb. 4th to February 20th Jan. 24th to Feb. 9th Holiday
3 After Spring Festival Holiday Feb. 20th to March 1st Feb. 10th to Feb. 18th Nonholiday
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the pandemic occurred, thus to determine whether the traffic
was affected by COVID-19 [10].

In this study, a left-tailed test is adopted to test whether
traffic has recovered from the pandemic of COVID-19 by
comparing the traffic in 2019 and 2020. Before the testing,
the distribution test was performed to ensure the availability
of the data for the left-tailed test. (e percentages of change
in traffic for both passenger vehicles and trucks follow
normal distributions. In the test, the null hypothesis assumes
that the traffic volume has recovered (equation (7)), while
the alternative hypothesis is that the traffic volume has not
recovered (equation (8)).

H0: themean of all variations of all stations≥ 0, (7)

H1: themean of all variations of all stations< 0. (8)

4. Antipandemic Policies in Yunnan Province

4.1. Introduction for Yunnan Province, China. Yunnan
Province is located in the southwest of China (Figure 1) and
borders Vietnam, Laos, and Myanmar. (e total area of
Yunnan Province is around 394.1 thousand square kilo-
meters with 16 regions, with Kunming as the provincial
capital. By the end of 2020, the census data showed that the
population of Yunnan was 47.21 million [34]. (e highway
network plays a key role in ensuring the operation of
economic activities between cities [35]. By the end of 2019,
the highway mileage of Yunnan Province was 231.74
thousand kilometers [36].

4.2. COVID-19 Cases and Antipandemic Policies. (e new
confirmed cases and active cases of COVID-19 data from
January 19th to March 18th of 2020 in Yunnan Province were
collected [37], as shown in Figure 2. It is seen that during this
period, the pandemic in Yunnan Province experienced a
surge in the number of new confirmed cases and reached a

peak and then declined to none under antipandemic poli-
cies. (e antipandemic policies [38] that the government
took were also collected, as shown in Figure 3, with detailed
information presented in Table 4.

(e first official antipandemic policy to reduce travel and
gathering was released on January 28th, when the number of
new confirmed cases was at its peak. (en, according to the
second policy released on February 29th [38], except for
industries involved in ensuring the operation of public
utilities (such as water supply, power supply, and public
transportation), industries for pandemic prevention and
control (such as medical device and medicine production),
and industries for daily life (such as supermarkets and food
production), all other types of industries could not resume
work earlier than February 9th. (is policy means that the
cities were almost in lockdown between January 29th and
February 9th, most businesses stopped, and people were
recommended to stay home.

5. Impacts of COVID-19 on Highway Traffic

(e results contain three parts corresponding to traffic
changes in three periods, respectively. First, in Period I, the
study focuses on province-wide traffic variation during the
three phases, and the traffic variation and usage of the in-
tercity bus will be presented. Second, in Period II, the traffic
variations in different levels of economic development will
be analyzed using the cluster method.(ird, the last part will
concentrate on the process of traffic recovery in Period III,
which contains the traffic recovery in all traffic count stations
and recovery of passenger and freight transportation.

5.1. Impacts of COVID-19 on Traffic during 9ree Phases in
Period I. Period I is unique not only because the pandemic
occurred during this period but also because of the particular
traffic characteristics and the traffic pressure brought about
by the nationwide holiday. (e traffic characteristics are
typically significantly different from those of other times.

Traffic count stations
Freeways

0 100 200
(km)

Other highways

Figure 1: Locations of traffic count stations in Yunnan Province.
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(at is, most people are on holiday. (ere is typically rare
traffic for work commuting but more for tours, family visits,
and recreational commuting. However, the outbreak of
COVID-19 has seriously affected the traffic.

5.1.1. Province-Wide Traffic Variation. To quantify the
traffic differences in different phases (Table 2), the traffic
variation at each traffic count station for each phase was
calculated using equation (2). (e traffic variations of all

stations have been presented by a boxplot shown in Figure 4.
(e province-wide distribution of traffic variations in three
phases is presented in Figures 5 –7.

Before the outbreak of pandemic, as shown in Phase 1,
the average growth rates of traffic in the traffic count stations
are 1.85% for passenger vehicles and 10.91% for trucks, as
shown in Figure 4. (e result indicates that traffic slightly
increased in the first phase of Period I in 2020, compared
with that in 2019. It is seen from Figure 5 that, in this phase,
only a few newly confirmed cases occurred in Kunming, the
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Figure 2: COVID-19 cases in Yunnan Province, China.

Table 3: Data for cluster analysis.

Region Per capita GDP
(CNY)

(e growth rate of
GDP (%)

Reduction in passenger vehicle
traffic (%)

Reduction in truck
traffic (%)

Total confirmed
cases

Kunming 22092 −5.6 −28.9 −35.1 60
Yuxi 18884 −2.9 −32.3 −35.7 14
Diqing 14430 0.3 −33.6 −26.5 0
Xishuangbanna 9656 −10 −27.2 −23.5 15
Honghe 10439 −3.6 −30.8 −22.7 9
Chuxiong 10478 0.3 −28.6 −50.9 4
Qujing 9763 1.1 −10.8 −11.7 13
Dehong 9012 −1.6 −41.0 −41.4 5
Dali 7962 −11.4 −29.9 −33.6 13
Baoshan 7466 −9.9 −29.0 −22.9 9
Lijiang 8020 −3.5 −26.7 −11.2 7
Nujiang 6761 −13.9 −11.3 −23.5 0
Puer 6716 −13.8 −31.2 −34.0 4
Lincang 5777 −3.7 −18.9 −9.0 1
Wenshan 6547 −0.5 −21.1 −17.3 2
Zhangtong 4729 −2.9 −11.4 −12.1 25
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Table 4: Antipandemic policies in Yunnan Province.

Dates
# of new
confirmed

cases

Policy
number Measures Detailed information

2020/
1/28 25 No. 1

Reduce nonessential trips; work from home;
health monitoring; closure of entertainment

venues; public area disinfection

Recommendation for people to reduce nonessential
trips; work online from home to reduce travel; set up
health monitoring points at transportation hubs to
check passengers’ temperature; identify people who
have close contacts with infected people; suspend
the operation of public entertainment venues such
as the park, museum, Internet bar, and dance hall;
disinfect public places and public transportation

2020/
1/29 19 No. 2 Postpone resumption of commercial

companies and schools
Businesses and schools were asked to delay openings

after the Spring Festival holiday

2020/
1/30 10 No. 3 Call on self-protection and cooperation with

government

(e government called on the people to take self-
protection and cooperate with the government’s

antipandemic policies

2020/
1/31 11 No. 4 Procurement of medical supplies

(e government announced the notification for
purchasing the medical supplies for pandemic

prevention

2020/
2/1 8 No. 5 Requirements for public institutions

(e government announced the pandemic
prevention and control requirements for public

institutions
2020/
2/3 8 No. 6 Health education Call for COVID-19 prevention and health education

2020/
2/10 8 No. 7 Disposal management of discarded masks Disposal management of discarded masks to

prevent the spread of medical waste

2020/
2/11 5 No. 8 Resumption of work and production; health

monitoring for newcomers

Resumption of work and production; collection of
the health status of people who came to Yunnan

Province
2020/
2/12 1 No. 9 Implementation of health codes Health codes were required for use in public places,

including taking public transportation

20
20

/1
/1

20
20

/1
/2

20
20

/1
/3

20
20

/1
/4

20
20

/1
/5

20
20

/1
/6

20
20

/1
/7

20
20

/1
/8

20
20

/1
/9

20
20

/1
/1

0
20

20
/1

/1
1

20
20

/1
/1

2
20

20
/1

/1
3

20
20

/1
/1

4
20

20
/1

/1
5

20
20

/1
/1

6
20

20
/1

/1
7

20
20

/1
/1

8
20

20
/1

/1
9

20
20

/1
/2

0
20

20
/1

/2
1

20
20

/1
/2

2
20

20
/1

/2
3

20
20

/1
/2

4
20

20
/1

/2
5

20
20

/1
/2

6
20

20
/1

/2
7

20
20

/1
/2

8
20

20
/1

/2
9

20
20

/1
/3

0
20

20
/1

/3
1

20
20

/2
/1

20
20

/2
/2

20
20

/2
/3

20
20

/2
/4

20
20

/2
/5

20
20

/2
/6

20
20

/2
/7

20
20

/2
/8

20
20

/2
/9

20
20

/2
/1

0
20

20
/2

/1
1

20
20

/2
/1

2
20

20
/2

/1
3

20
20

/2
/1

4
20

20
/2

/1
5

20
20

/2
/1

6
20

20
/2

/1
7

20
20

/2
/1

8
20

20
/2

/1
9

20
20

/2
/2

0
20

20
/2

/2
1

20
20

/2
/2

2
20

20
/2

/2
3

20
20

/2
/2

4
20

20
/2

/2
5

20
20

/2
/2

6
20

20
/2

/2
7

20
20

/2
/2

8
20

20
/2

/2
9

20
20

/3
/1

20
20

/3
/2

20
20

/3
/3

20
20

/3
/4

20
20

/3
/5

20
20

/3
/6

20
20

/3
/7

20
20

/3
/8

20
20

/3
/9

20
20

/3
/1

0
20

20
/3

/1
1

20
20

/3
/1

2
20

20
/3

/1
3

20
20

/3
/1

4
20

20
/3

/1
5

20
20

/3
/1

6
20

20
/3

/1
7

20
20

/3
/1

8

Date

0

5

10

15

20

25

30
N

um
be

r o
f N

ew
 C

on
fir

m
ed

 C
as

es
· Reduce non-essential trips
· Work from home
· Health monitoring
· Closure of entertainment venues
· Public area disinfection

Postponement of the
resumption of work and school

Self-protection
and cooperation

Procurement of medical supplies

Requirements for public institution

Prevention and health education

Disposal management of discarded masks

· Work resumption
· Health monitoring and personnel registration

Implementation of health codes
Risk level classification

Reduction of the level of emergency response
Prevention of spread from abroad

Phase 1 Phase 3Phase 2

Figure 3: Daily new confirmed cases in Yunnan province.
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Table 4: Continued.

Dates
# of new
confirmed

cases

Policy
number Measures Detailed information

2020/
2/19 0 No. 10 Risk level classification Risk level classification of COVID-19 for all

counties
2020/
2/23 0 No. 11 Reduction of the level of emergency response Reduced the level of emergency response from Level

1 to Level 3
2020/
3/4 0 No. 12 Prevention of spread from abroad Issued a policy to prevent the COVID-19 cases from

abroad
Note. (e antipandemic policies were collected from the website of the People’s Government of Yunnan Province [38].
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Figure 4: Traffic variations in three phases.
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Figure 5: Traffic variations in Phase 1.
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capital of Yunnan. Most traffic count stations have shown a
slight increase in traffic in the range of 0 to 25% compared
with those in 2019, while some locations have seen a
downtrend in traffic, with most decreases ranging from 0 to
25%. In addition, very few locations have experienced a
sharp decrease in traffic. (erefore, people’s travel was not
affected significantly in Phase 1. (e reason might be that
most people were not yet aware of the severity of the
pandemic and therefore maintained regular travel during
this phase.

During the outbreak of pandemic, Phase 2 is considered
the lockdown phase. In this phase, traffic volumes changed
significantly (Figure 4). (e average decreases in traffic for
passenger vehicles and trucks are 53.71% and 58.57%, re-
spectively. As shown in Figure 6, as the outbreak spread to
most cities, traffic volumes in nearly all traffic count stations
experienced a significant decline, with a decline of more than
50% in most stations. In Kunming, where the pandemic was
most severe, the decline was even more than 75%. In ad-
dition to this, although other cities did not have as many
confirmed cases as Kunming had, the traffic also dropped
dramatically. (e reasons for these changes are diverse. On
the one hand, the number of new confirmed cases in Hubei
Province increased rapidly in this period. (en, the city of
Wuhan was declared closed, deepening the people’s fear of
the pandemic. On the other hand, the Yunnan Province
government took a lesson from Wuhan’s antipandemic
policies and implemented strict control measures, such as
No. 1 to No. 6 policies (Table 4), to prevent a surge in cases
during this period. (e policies led to a significant drop in
traffic volume. Moreover, this change continued to the end
of Phase 3. In Phase 3, the average decrease in traffic was
59.67% for passenger vehicles and 68.19% for trucks (Fig-
ure 4). (e distribution of traffic variation in Figure 7 also
shows a decline across the province. (is is due to the
recommendation to reduce nonessential travel and the fact
that many businesses had not yet resumed.

(e province-wide traffic shows overall traffic variations
across the province, and it is found that traffic variations vary
by region. To show more specific impacts in highway traffic
by the pandemic, the study selected 16 locations with the
highest AADT in 2019 from 16 regions. Figures 8 and 9
present the traffic volume in the 16 locations on highways
(nonfreeway). In the figures, point 0 of the x-axis represents
the Chinese New Year’s Eve; other numbers on the x-axis
represent the number of days before or after the Chinese
New Year’s Eve.

It is seen from Figure 8 that the passenger vehicle traffic
in 2019 and 2020 fluctuated and remained at similar levels in
the same region, except for a larger increase in traffic in
Xishuangbanna. It shows a gradual decline in truck traffic in
2019 and 2020 (Figure 9) because freight companies grad-
ually started to take their Spring Festival break and freight
business gradually decreased during this phase. It can be also
seen that, at the beginning of Phase 2, both passenger vehicle
traffic and truck traffic reached their lowest values due to the
drop in travel demand. Precisely, points 0 and 1 correspond
to the Chinese New Year’s Eve and Spring Festival, when
most people stayed at home with their families according to

Chinese tradition. (en, there was a surge after the first day
of the Spring Festival (point 1 on the x-axis). For passenger
vehicle traffic in 2019, there is a much higher peak than usual
in some regions like Qujing, Yuxi, Baoshan, Lijiang, Xish-
uangbanna, and Diqing.(en, it fell back to the normal level.
(e peak may be caused by the increase in travel demand for
tourism and visiting relatives. (e recovery of traffic is
mainly attributed to people returning to the workplace.
However, passenger traffic showed a continued downward
trend after only a brief and slight rebound after the first day
of the Spring Festival (point 1 on the x-axis). Many people
postponed their plans to return to their workplaces due to
the non-opening of businesses and government anti-
pandemic policies, which led to the continuous drop in
passenger vehicle traffic. For truck traffic in 2020 (Figure 9),
it should have continued to rebound to normal levels from
the lows at the beginning of Phase 2 as it did in 2019.
However, many freight businesses could not operate nor-
mally due to the pandemic, so truck traffic also remained at a
low level. In Phase 3, the passenger vehicle traffic (Figure 8)
and the truck traffic (Figure 9) remained almost at their
lowest levels. It did not go up significantly, even though
some companies were already open for business, which
indicates that most people still followed that the anti-
pandemic policy of reducing nonessential travel.

Traffic on the freeways has also shown similar results
according to six traffic count stations on freeways (Figures 10
and 11). During the first phase, similar to the nonfreeway,
passenger vehicle traffic fluctuated at a level or grew slightly.
However, at the beginning of the second phase (point 0 or
point 1), there was no sudden and pronounced drop as the
nonfreeway. Subsequently, instead of a surge in passenger
vehicle traffic in 2020 that exceeded the usual level three
times as in 2019, it decreased increasingly to the lowest level
and maintained at the lowest level until the end of Phase 3.
For truck traffic, freeway traffic and nonfreeway traffic are
similar.

5.1.2. Impacts on Intercity Public Transportation.
Highways connect the cities. (e intercity bus is an im-
portation travel mode for long-distance trips from one city
to another. (e intercity bus traffic trends at the 16 locations
are presented in Figure 12. Although the intercity bus traffic
only accounts for less than 10% of passenger vehicle traffic, it
is seen from Figure 12 that the intercity bus traffic had been
severely impacted. In the three phases of Period I, as shown
in Figure 12, the trend of intercity bus traffic is similar to that
of passenger traffic mentioned above. To better understand
the variation of intercity bus traffic, the variation and bus
usage in each phase in all locations are presented in Table 5.

In Phase 1, the intercity bus traffic did not change
significantly. Some locations experienced a slight drop in
intercity bus traffic, such as Kunming, Zhaotong, Dehong,
Nujiang, and Diqing. (e drops range from −5.5% to
−27.5%. In comparison, some locations experienced a
dramatic increase in intercity bus traffic, like Xishuang-
banna, Wenshan, and Dali, whose increase rates are 111%,
310%, and 425.5%, respectively. (e proportion of intercity
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Figure 6: Traffic variations in Phase 2.
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Figure 7: Traffic variation in Phase 3.
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Figure 8: Traffic volume of passenger vehicles on highways.
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Figure 9: Traffic volume of trucks on highways.
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Figure 10: Traffic volume of passenger vehicles on freeways.
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Figure 11: Traffic volume of trucks on freeways.
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buses in passenger vehicle traffic in different regions is low,
ranging from 0.05% to 5.8% in 2019 and 0.04% to 4.9% in
2020. Compared with its proportion of 1.6% in 2019, the
intercity bus proportion is 1.7% in 2020, which means a
slight rise of 6.3% in intercity bus usage. (erefore, in this
phase, intercity bus usage did not change significantly.
However, in Phase 2, the intercity bus traffic in most

locations suffered a drop ranging from 31.8% to 98.4%. Also,
compared with its value of 1.3% in 2019, the intercity bus
proportion was 0.8% in 2020, which means a drop of 38.5%
in intercity bus usage. In Phase 3, the intercity bus traffic still
decreased significantly, with a drop ranging from 59.8% to
98.6%. Meanwhile, the average proportion decreased from
1.8% to 0.8% in this phase, which dropped by 55.6% in
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Figure 12: Traffic volume trends of intercity bus traffic on highways.

Table 5: Traffic variations of the intercity bus in three phases.

Regions
Traffic variation of the intercity bus (%) Proportion in

phase 1 (%)
Proportion in
phase 2 (%)

Proportion in
phase 3 (%)

Phase 1 Phase 2 Phase 3 2019 2020 2019 2020 2019 2020
Kunming −7.6 −55.1 −80.0 0.6 0.6 0.4 0.7 0.8 0.8
Qujing 26.6 −52.7 −59.8 3.9 4.9 3.3 2.7 4.3 3.2
Yuxi 29.7 −87.0 −89.9 0.1 0.2 0.1 0.05 0.2 0.1
Baoshan 17.5 −62.5 −50.4 1.9 2.1 1.7 1.2 2.3 2.7
Zhaotong −5.5 −98.4 −98.6 1.1 0.9 0.9 0.0 1.2 0.0
Lijiang 13.6 −88.9 −99.9 1.8 1.8 2.1 0.7 1.8 0.0
Puer 23.9 −64.7 −82.9 0.3 0.4 0.4 0.3 0.7 0.4
Lincang 4.9 −86.8 −96.5 2.2 2.3 2.0 0.8 2.8 0.4
Chuxiong 25.1 −60.8 −60.3 0.4 0.5 0.4 0.2 0.6 0.4
Honghe 4.7 −80.8 −96.2 2.8 2.7 3.2 1.1 3.3 0.5
Wenshan 310.0 −31.8 −97.1 0.5 1.9 0.6 0.9 0.5 0.1
Xishuangbanna 111.0 −78.9 −93.7 1.6 2.4 1.4 0.9 1.9 0.5
Dali 425.5 −90.2 −98.6 0.1 0.7 0.7 0.2 1.5 0.1
Dehong −22.9 −82.3 −79.8 5.8 3.9 3.4 0.9 4.9 3.7
Nujiang −12.5 50.0 0.0 0.05 0.04 0.1 0.2 0.1 0.2
Diqing −27.5 −98.4 −97.9 1.7 1.4 0.9 0.0 1.8 0.1
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intercity bus usage. (erefore, the intercity bus traffic de-
creased in both volume and usage, which indicates that
people used public transportation less. More precisely, the
travel demand decreased, and fewer people used the intercity
bus due to the pandemic.

5.2. Impacts on Traffic in Different Regions. (e impacts of
COVID-19 on the transportation industry also affect eco-
nomic development. (ere typically exists some relationship
between transportation and economic development [39]. To
analyze the impacts of the pandemic on traffic in different
regions, a K-means cluster analysis based on the attributes of
regions was conducted. Five indicators were selected to
perform the K-means cluster, including per capita GDP,
GDP growth rate, the total number of confirmed cases,
reduction in passenger vehicle traffic, and reduction in truck
traffic.(e data used for clustering are for the first quarter of
2020, as shown in Table 3. (e per capita GDP and GDP
growth rate describe the level of economic development.
Total confirmed cases reflected the severity of the pandemic.
In addition, reductions in passenger vehicle traffic and truck
traffic reflected the extent to which traffic was affected, which
were calculated using equation (3). (en, using cluster
analysis, the regions were divided into four categories: Level
A, Level B, Level C, and Level D, as presented in Table 6 and
Figure 13.

Level A category contained only one region, Kunming,
the capital of Yunnan Province. (e most distinctive feature
of this category is the highest per capita GDP, at 22091.5
CNY, far exceeding other categories. (e number of con-
firmed cases was also the largest. In addition, passenger
vehicle traffic and truck traffic both received a significant
impact, with 28.9% and 35.1% decreases, respectively.
However, its economy had not been greatly affected, with
only a 5.6% fall in its GDP.

Level B category includes five regions. Compared with
the Level A category, per capita GDP was much less in Level
B, at 1, 2648.6 CNY.(e average number of confirmed cases
in this category was about 6.4, the lowest in all categories.
However, the traffic in these regions suffered the greatest
impact; passenger vehicle traffic and truck traffic fell by
33.3% and 35.4%, respectively.(e economic impact in these
regions was minimal, with a 1.5% fall in GDP.

Compared with the first two categories, the per capita
GDP of Level C was at a relatively low level, at 7712.2 CNY.
(e average number of confirmed cases was 8.2; and pas-
senger vehicle traffic and truck traffic did not drop as much
as Level A and Level B, only 25.7% and 27.5%, respectively.
However, its economy was indeed the most affected, with an
11.8% fall in GDP.

(e level of economic development of Level D was the
lowest, with a per capita GDP of only 6967.1 CNY. (e
average number of confirmed cases was at a low level, at 9.6.
Also, the impact of the pandemic on traffic was the lowest
among all categories, with traffic falling by only 17.8% for
passenger vehicle traffic and 12.3% for truck traffic. (e
impact of the pandemic on the economy was also relatively
low, only dropping by 1.9% in GDP.

Comparing Levels B, C, andD, it can be found that under
a similar level of confirmed cases, the lower the level of
economic development in the region was, the less traffic was
affected. However, Level A was a particular case because
Level A only contains only one city, the capital Kunming.
Although its number of confirmed cases was much larger
than that of other categories, passenger vehicle traffic and
truck traffic declined slightly lower than Level B due to its
role as a regional transportation hub.

5.3. Traffic Recovery

5.3.1. Recovery of Province-Wide Traffic. Although the
pandemic was contained in the first quarter of 2020, traffic
volume across the province remained impacted for a long
time due to the regular antipandemic policies (e.g., tem-
perature testing required to enter public transportation or
public places and health code compliance).

From a full-year perspective, the comparison of the
annual average daily traffic (AADT) between 2019 and 2020
is shown in Figure 14. (e average AADT of passenger
vehicles of all traffic count stations decreased by approxi-
mately 6%, from 4,266 pcu/d in 2019 to 4,010 pcu/d in 2020.
(e average AADT of trucks of all traffic count stations
decreased by about 3% to 2,921 pcu/d in 2020 from
3,005 pcu/d in 2019. Moreover, the median AADT for
passenger vehicles fell 16% from 3455 pcu/d to 2898 pcu/d,
while the median AADTfor trucks rose 2% from 2431 pcu/d
to 2469 pcu/d.

To show the recovery tendency of the traffic volume in
2020, the daily traffic volume in 2020 was compared with
that in 2019.(e comparison results are shown in Figures 15
and 16. (e variation is calculated using equation (4).

(e whole process of traffic recovery is evident (Fig-
ure 15). Before January 23rd of 2020, it was clear that the
average traffic variation of all traffic count stations was
higher than the AADT of 2019. Later, traffic variation de-
clined to its lowest point of the year in early February under
the impact of the pandemic. (en, traffic variation began to
recover. In late February, traffic variation had recovered to
around 80% of the AADT for 2019. Traffic variation finally
recovered to the AADT level of 2019 at the end of April.
(en, from May to December, average traffic volumes
fluctuated around the AADT level of 2019. In addition, the
recovery of truck traffic is better than that of passenger
vehicles (Figure 16).(e average variation for trucks is above
the AADTof 2019 after March 2nd. (erefore, the pandemic
had a longer impact on passenger vehicles than on trucks.

Based on the trend of passenger vehicle traffic variation
throughout the year, the entire recovery process can be
divided into four stages as shown in Table 7. (e first is the
“Decline Stage,” ranging from January 23rd to February 6th.
(e traffic declined significantly in this stage. (e second
stage is the “Rapid Recovery Stage,” starting from February
7th to February 24th, in which traffic recovered rapidly within
about 18 days. (irdly, from February 25th to April 30th, it is
the “Slow Recovery Stage,” lasting about 66 days. Although
the pandemic was under control in this period, the recovery
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of traffic volume slowed down. Finally, the stage afterMay 1st
is the “Normal Stage.” During this period, traffic volumes
fully recovered to prepandemic levels.

For truck traffic, the recovery process can be divided into
only three stages: “Decline Stage,” “Rapid Recover Stage,”
and “Normal Stage.”(e Decline Stage, from January 12th to
January 25th, lasted for 14 days. Compared with passenger

vehicle traffic, the truck traffic only suffered a Rapid Recover
Stage from January 26st to March 2th, about 37 days. Since
March 3rd, the truck traffic backed to normal.

(e recovery rate of passenger vehicle traffic varies greatly
during the rapid recovery period and the slow recovery period.
During the Rapid Recovery Stage, it took 18days for passenger
vehicles to recover from −60% to −20%, with an average

Table 6: K-means cluster analysis result.

Categories Per capita GDP
(CNY)

Growth rate of
GDP (%)

Reduction in passenger
vehicle traffic (%)

Reduction in truck
traffic (%)

Total confirmed
cases

Number of
cities

Level A 22091.5 −5.6 −28.9 −35.1 60 1
Level B 12648.6 −1.5 −33.3 −35.4 6.4 5
Level C 7712.2 −11.8 −25.7 −27.5 8.2 5
Level D 6967.1 −1.9 −17.8 −12.3 9.6 5
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recovery rate of 15.6% per week. In contrast, during the Slow
Recovery Stage, it took 66days to recover from −20% to the
2019 AADT level, with a recovery rate of about 2.1% per week.
(e recovery rate of truck traffic is 12.9% per week on average.

To better present the traffic recovery process, the changes
in traffic volume for each quarter of 2020 were calculated
compared with those in the corresponding quarter of 2019
based on equation (3). (e results are shown in Figure 17.

(e results were analyzed using hypothesis testing.
According to the assumptions shown in equations (7) and
(8), Table 8 presents the results of hypothesis testing. (e
results confirmed that the average traffic volume in the first
quarter of 2020 was significantly lower than the traffic
volume in 2019.(e traffic volumes in the second, third, and
fourth quarters were significantly greater than or equal to
those in the same period of 2019. In other words, traffic
volumes had recovered in the second quarter of 2020.

5.3.2. Recovery of Passenger and Freight Transportation.
(e impact of the pandemic on highway passenger and
freight transportation lasted for a whole year in 2020. (e

annual highway passenger-kilometer (pkm) in Yunnan
Province in 2020 was 13.85 billion pkm, and highway tonne-
kilometer of freight was 110.15 billion ton-km [32]. Com-
pared with the numbers in 2019, they decreased by 44.9%
and 32.9%, respectively.

(e impacts include not only a reduction in volume but
also a reduction in the proportion of highway transportation
relative to other modes of transportation. Figure 18 shows
the highway passenger-kilometers and tonne-kilometers in
2020. It is seen that the proportion of highway passenger-
kilometers experienced a general downward trend from 2018
to 2020.(e proportion dropped from 46% in 2018 to 39% in
2019 and finally to 38% in 2020 (Figure 18(a)). It is worth
noting that more people chose to travel by private car due to
the pandemic in 2020, especially in the first half of the year.
In addition, the cancellation of a large number of trains and
flights in the first quarter of 2020 also led to an increase in
road passenger traffic. (erefore, the proportion of highway
passenger traffic in the first half of 2020 is higher than that in
2019. In contrast, the proportions of tonne-kilometers of
freight in 2018 and 2019 were both 76% but the number
dropped to 71% in 2020 (Figure 18(b)).

Date
20

20
/0

1/
01

20
20

/1
2/

26
20

20
/1

2/
16

20
20

/1
2/

06
20

20
/1

1/
26

20
20

/1
1/

16
20

20
/1

1/
06

20
20

/1
0/

27
20

20
/1

0/
17

20
20

/1
0/

07
20

20
/0

9/
27

20
20

/0
9/

17
20

20
/0

9/
07

20
20

/0
8/

28
20

20
/0

8/
18

20
20

/0
8/

08
20

20
/0

7/
29

20
20

/0
7/

19
20

20
/0

7/
09

20
20

/0
6/

29
20

20
/0

6/
19

20
20

/0
6/

09
20

20
/0

5/
30

20
20

/0
5/

20
20

20
/0

5/
10

20
20

/0
4/

30
20

20
/0

4/
20

20
20

/0
4/

10
20

20
/0

3/
31

20
20

/0
3/

21
20

20
/0

3/
11

20
20

/0
3/

01
20

20
/0

2/
20

20
20

/0
2/

10
20

20
/0

1/
31

20
20

/0
1/

21
20

20
/0

1/
11

AADT level in 2019
Median
Mean

Tr
affi

c v
ar

ia
tio

ns
 (%

)

50
40
30
20
10

0
−10
−20
−30
−40
−50
−60
−70
−80

Figure 15: Daily traffic variations of passenger vehicles during 2020.
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Figure 16: Daily traffic variations of trucks during 2020.
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According to the statistics of Yunnan Province, the
freight volume dropped from 1.451 billion tons in 2019 to
1.156 billion tons in 2020, with a decrease in 20.3%. Pas-
senger-kilometers dropped from 0.307 billion in 2019 to
0.192 billion in 2020, with a decrease in 37.5% [32].
Figures 18(c) and 18(d) demonstrate the quantities of freight
and passenger transportation. It can be seen that despite the
recovery of traffic volumes, neither passenger-kilometers
nor tonne-kilometers of freight in 2020 reached the same
level as in 2019.

6. Discussion and Policy Implications

6.1. Impacts ofAntipandemicPolicies onTraffic. (eoutbreak
of COVID-19 had a profound impact on many industries
[40], especially transportation. Previous sections have pro-
vided a comprehensive demonstration of the impacts of
COVID-19 on highway traffic. To better understand the

impacts of pandemic and antipandemic policies, the main
findings from the previous section are summarized in
Table 9.

Apparently, at the beginning of the pandemic (Phase 1),
there was no official antipandemic policy. (erefore, traffic
was not affected. However, in Phase 2, the overall traffic
dropped by 53.71% for passenger vehicles and 58.57% for
trucks, respectively. Such a significant drop in traffic oc-
curred mainly due to the strict antipandemic policies of the
Yunnan government. For example, with the surge in the
number of confirmed cases, the government adopted strict
antipandemic policies No.1–No.6 in Table 4. (ese strict
policies appeared to be effective as the number of new
confirmed cases decreased to 14 in Phase 3.

In addition, there was a general reduction in traffic in
Phase 2 and Phase 3 throughout the province, regardless of
whether the number of confirmed cases in the region was
high or low, as presented in Figures 5–7 in Section 4. (e

Table 7: Stages in the traffic recovery process.

Vehicle type Stage Time range (2020) Duration Characteristics

Passenger vehicle

Decline stage Jan. 23 to Feb. 6 15 days Traffic decreased dramatically
Rapid recovery stage Feb. 7 to Feb. 24 18 days Traffic recovered rapidly
Slow recovery stage Feb. 25 to Apr.30 66 days Traffic recovered slowly

Normal stage May 1 to Dec.31 — Traffic fluctuated and increased slightly

Truck
Decline stage Jan. 12 to Jan. 25 14 days Traffic decreased dramatically

Rapid recovery stage Jan. 26 to Mar. 2 37 days Traffic recovered rapidly
Normal stage Mar. 3 to Dec.31 — Traffic fluctuated and increased slightly
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Figure 17: Traffic variations in each quarter compared with 2019 traffic.

Table 8: Results of hypothesis testing.

Vehicle type Quarter t p value Result

Passenger vehicle

1 −16.98 0 Reject H0
2 −1.32 0.09 Accept H0
3 −0.48 0.31 Accept H0
4 −0.17 0.43 Accept H0

Truck

1 −12.58 0 Reject H0
2 −0.64 0.26 Accept H0
3 1.88 0.03 Accept H0
4 0.42 0.33 Accept H0

Journal of Advanced Transportation 17



capital, Kunming, suffered from the most severe pandemic,
where the traffic dropped significantly; other regions with
fewer confirmed cases also decreased at a similar level.(is is
because the government’s goal is to eliminate the pandemic
completely. (erefore, even if there are only a few cases, the
local government would take active measures to avoid the
spread of the pandemic locally. Even if there were no cases,
such as in Diqing and Nujiang, the government prevented
intercity travel.

(e declines in highway traffic in Yunnan Province during
the outbreak of COVID-19 were higher than those in some
countries. For instance, in South Korea, the traffic on highways
only fell by a maximum of 26.1% during the outbreak of
COVID-19 [25]. In addition, the traffic in Yunnan Province
decreased by about 23% in the first quarter of 2020, but the
number is only about 9.7% in South Korea [25]. First, the less
decline in traffic is mainly caused by the less strict anti-
pandemic policies. (e antipandemic policies in South Korea
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Figure 18: Highway passenger and freight transportation. (a) Share of highway passenger-kilometers. (b) Share of highway tonne-ki-
lometers of freight. (c) Highway passenger-kilometers. (d) Highway tonne-kilometers of freight.

Table 9: Impacts on traffic from COVID-19 and prevention policies.

Phase Date (2020) # of new confirmed
cases Policy number Variation in passenger vehicle

traffic (%)
Variation in truck

traffic (%)

1 Jan. 10 to Jan.
23 2 — 1.85 10.91

2 Jan. 24 to Feb.
9 139 No. 1, No. 2, No. 3, No. 4, No. 5,

No. 6 −53.71 −58.57

3 Feb. 10 to Feb.
18 31 No. 7, No. 8, No. 9 −59.67 −68.19
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included reducing outdoor activities, implementing a work-
from-home system in public organizations, encouraging pri-
vate organizations to employ work-from-home systems, sug-
gesting educational institutions to close, and delaying the
commencement of schools [25]. Compared these policies with
those in other countries, Yunnan Province performed stricter
antipandemic policies which constrained all trips to enter-
tainment venues, while the government of South Korea just
recommended people reduce outdoor activities. Second, the
less reduction may attribute to the different goals of pandemic
prevention policies. (e government of Yunnan Province tried
to completely eliminate the pandemic to ensure that societywas
not affected by the outbreak. So, the government made efforts
to prevent the spread of the pandemic, even adopting com-
pulsory measures.(e South Korean government tried to keep
the number of cases at a low level to balance the pandemic and
the smooth running of economic activities [41], which means
most of the economic activities can still continue, and reducing
travel is only an official recommendation rather than com-
pulsory measures.

Although some countries have less traffic reduction,
states and countries that have adopted strict antipandemic
policies like Yunnan Province of China have also seen a
sharp drop in traffic. For instance, a study from Somerville
has shown a 71% drop in passenger vehicle traffic and a 46%
drop in truck traffic after the implementation of business
shutdowns and a state-wide stay-at-home order [42]. Sim-
ilarly, a study in Portugal also showed a total reduction of
around 70% in the level of highway traffic in the period of
lockdown [43]. (erefore, strict antipandemic policies like
stay-at-home order apparently affect highway traffic.

In addition, the impact of stay-at-home order on traffic
also varied by regions. A study from North Carolina and
Virginia of USA shows that the maximum reduction of
traffic is around 40% after implementing the stay-at-home
orders [28]. It is lower than the reduction of traffic in
Yunnan. A study from Minnesota shows that the traffic
volumes had recovered significantly before the stay-at-home
order expired [21], which indicates some people might not
follow the order.

In conclusion, the strict antipandemic policies like stay-
at-home order had a greater impact on traffic. By contrast,
for countries that performed the slack antipandemic polices
like recommendation for reducing outdoor activities, the
reduction in traffic is relatively lower.

6.2. Impacts on Intercity Public Transportation. (e impacts
of COVID-19 on intercity bus service are significant. For in-
stance, the traffic volume of intercity buses had For instance,
the traffic volume of intercity buses decreased between 59.8%
and 98.6% during the pandemic. Besides, people’s use of in-
tercity public transportation also decreased. Even though the
intercity bus traffic only accounts for a smaller proportion of
passenger vehicles on the highway, at an average of 1.8% before
the pandemic, it fell to 0.8% during the pandemic, whichmeans
a 55.6% decline in intercity bus usage. (us, it indicates that
people were less likely to take intercity public transportation
during the pandemic.

Several studies on public transportation have confirmed
this tendency during the pandemic in other regions. For the
developed country like Australia, service levels and public
transportation schedules were unchanged during the
COVID-19, but public transportation carriages and buses
were almost empty [15]. In Santander, Spain, the use of
public transportation decreased by 93% [24]. However, in
developing countries, a survey in Bangladesh showed that
the percentage of passengers choosing public transportation
to travel dropped from 37.06% to 19.58% during the pan-
demic [27]. Another study in China shows that public
transportation usage decreased by 20.5%, while private car
usage increased by 6.4% [44].

By comparing these studies, it can be seen that the
impacts of the pandemic on public transportation are not on
the same level in developed and developing countries. (e
results show that public transportation usage declined more
in developed countries. (is may be due to the fact that
private car ownership is higher in developed countries; thus,
people can use private cars more often whereas, in devel-
oping countries, the decline in public transportation usage is
much less compared with that in developed countries. Be-
cause more low-income people rely on public transport to
travel in developing countries [27]. However, there is still an
exception in Colombia. (e demand reduction in most of
the public transportation ranges from 80% to 90% [16],
which mainly attributes to the reason that the public
transportation lacked subsidy and most of them had to stop
the operation [45].

All the above shreds of evidence reflect a crisis in public
transportation under the COVID-19 pandemic. It should be
noted that public transportation plays a crucial role in de-
veloping a green, low-carbon, and sustainable transportation
system [46, 47].(erefore, policies should be taken to ensure
that public transportation can be maintained during the
pandemic.

6.3. Impacts on Traffic Related to Economy. Cluster analysis
showed that regions with low GDP per capita had less traffic
reduction. In other words, the higher the GDP per capita, the
greater impact of COVID-19 on traffic. During the pan-
demic, many people used telecommuting technology to
work and havemeetings [48], which vastly reduced the travel
demand while keeping work and production on track.
People with higher income are more likely to handle their
work by telecommuting, while people in areas with low
income are more likely to engage in jobs that need them to
work on the site, such as agriculture and handicrafts.

(e finding is consistent with the claim that traffic control
practice cannot obtain a good effect in an area with low GDP
per capita from another study [49]. Specifically, if the gov-
ernment wants to control the spread of the pandemic using
traffic control, then it would be more effective to apply the
policy in developed areas. Similarly, Loayza [50] claims in his
study that blanket lockdown is less effective andmore expensive
in developing countries than in developed countries [50].
(erefore, inappropriate travel restrictions may cripple the
economy and lead to a series of social problems [51].
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(ese results also provide us with some insights. In
developing countries, it should be more careful to adopt
traffic control policies to stop the spread of pandemics.
Overly strict traffic control policies may be more costly and
not have the desired effect.

6.4. Recovery of Traffic. After the relaxation of strict anti-
pandemic policies (e.g., reduction of the level of emergency
response), traffic started to recover. (e number of new
confirmed cases declined to zero within two months from
January 21st of 2021. (en, in the second quarter, traffic had
fully recovered to prepandemic levels. It was found that the
passenger vehicle traffic went through a total of four stages
over 99 days under strict policies, including the Decline
Stage, Rapid Recovery Stage, Slow Recovery Stage, and
Normal Stage. (e truck traffic only experienced the Decline
Stage, Rapid Recovery Stage, and Normal Stage and took
51 days to recover. In addition, the impact of the pandemic
on passenger and freight transportation continued
throughout the year. Even by the end of 2020, the highway
passenger-kilometers and tonne-kilometers of freight still
had not recovered completely.

(e government of Yunnan took strict antipandemic policy
when the daily increase in new confirmed cases was only 25,
which caused the traffic to drop around 60%.(e drop in traffic
is dramatic, but it did not take long to recover.(ere was an 18-
day Rapid Recovery Stage with a recovery rate of 15.6% per
week, a 66-day Slow Recovery Stage with a recovery rate of 2.1%
per week for passenger vehicles, and a 37-day Rapid Recovery
Stage with a recovery rate of 12.9% per week for trucks. A
similar study from South Korea shows that the average daily
confirmed cases dropped from 4430 to 308 inMarch 2020 [25].
However, traffic did not recover significantly in March and
fluctuated up and down around −20% compared with traffic in
2019 [25]. Another study from North Carolina and Virginia
shows an average recovery rate of traffic between 2.3% and 3.4%
per week [28]. (e traffic took 11weeks (from the 15th week to
26th in 2020) to recover 25%. (is slow recovery may be due to
the continued strict policies.

In summary, for Yunnan, where the number of confirmed
cases was low, the recovery was rapid, despite the large drop in
traffic after strict antipandemic policies. In contrast, recovery
was relatively slow for countries or regions with a large number
of confirmed cases. (erefore, it is still worthwhile to study in
depth what kind of antipandemic measures such as traffic
control should be implemented in different situations.

6.5.Policy Implications. From the above discussion, it is seen
that the antipandemic policies have had a massive impact on
highway traffic. (erefore, policymakers in the government
need to be careful when they develop traffic control policies
during the pandemic.

First of all, different purposes of traffic control need
different strategies. If the purpose is to clear the pandemic
completely, strict traffic control policies may only be applied
when the pandemic has just started and the number of
confirmed cases is small. For those aiming to control the
number of confirmed cases at a low level, the traffic control

policy would be more appropriate when the number of
confirmed cases has increased dramatically. In developing
countries, many developing country governments have
implemented lockdownmeasures without sufficiently taking
into account country-specific circumstances and other
challenges [52]. If the outbreak is so severe that traffic
control policies have to be applied, the control policies need
to be adjusted timely according to the decline in traffic and
the severity of the pandemic. It will help to strike a balance
between economic development and pandemic prevention.

Second, monitoring of public transportation is also
necessary. In developing countries, the share of public
transportation is higher than in developed countries during
the pandemic. (erefore, the hygiene of public trans-
portation needs to be guaranteed. For example, policies on
the hygiene issues of public transportation need to be re-
leased during the pandemic. Equipping public trans-
portation with proper disinfection measures may reduce the
risk of virus infection. In addition, public transportation can
be significantly affected by the pandemic. (erefore, some
policy support is needed tomaintain the normal operation of
public transportation. For instance, the policy can encourage
people to use public transportation when the pandemic is
under control.

(ird, the time required for traffic to recover to normal
levels is long, especially after successive strict traffic control
policies. (erefore, to ensure that normal travel activities are
not affected for a long time, the duration of traffic control
needs to be reasonably controlled, avoiding the low rate of
traffic recovery.

(erefore, when developing traffic control measures to
control the pandemic, the severity of the local pandemic and
the level of economic development need to be considered;
and timely policy adjustments are necessary. It is the key to
balancing pandemic control and social development.

7. Conclusions

(e COVID-19 pandemic had a significant impact on
highway traffic. (is paper investigated the impacts of
COVID-19 on highway traffic in the entire process from the
beginning with a sudden drop to a gradual return to normal.
First, the paper examined the province-wide traffic variation
during the first 40 days of the outbreak. Second, the paper
studied the intercity bus traffic variation and intercity bus
usage. (ird, the paper investigated the extent to which
traffic in different regions was affected under different levels
of socio-economic development using cluster analysis. Fi-
nally, the paper showed the process of traffic recovery and
verified the recovery of traffic volume using hypothesis
testing. (e findings in this study include the following:

(i) Under the antipandemic policy, a significant de-
cline in highway traffic occurred in all regions,
regardless of the severity of the pandemic in each
region.

(ii) When the pandemic was most severe during the
outbreak, passenger vehicle traffic and truck traffic
dropped by 59.67% and 68.19%, respectively.
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(iii) (e intercity public transportation on highways
declined by −59.8% to −98.6% in different regions;
the intercity bus usage dropped by 55.6%.

(iv) Traffic declined approximately by 23% in the first
quarter of 2020. (e AADTs of passenger vehicles
and trucks decreased by 6% and 3% throughout the
year, respectively.

(v) By comparing traffic volumes in different regions,
it is found that the higher the GDP per capita, the
greater impact of COVID-19 on traffic. For regions
with lower GDP per capita, traffic volume changes
were minor.

(vi) Under strict antipandemic policies, the passenger
vehicle traffic went through four stages: the Decline
Stage, Rapid Recovery Stage, Slow Recovery Stage,
and Normal Stage. Traffic eventually returned to
prepandemic levels in 99 days.

(vii) Truck traffic only experienced the Decline Stage,
Rapid Recovery stage, and Normal Stage and took
51 days to recover to the Normal stage.

(viii) In Rapid Recovery Stage, the recovery rates were
15.6% and 12.9% per week for passenger vehicles
and trucks, respectively, while the recovery rate
was 2.1% for passenger vehicles in the Slow Re-
covery Stage.

(ix) Despite the recovery of traffic volumes, neither
passenger-kilometers nor tonne-kilometers of freight
in 2020 returned to the same level as in 2019.

(ese findings are valuable references for decision-makers
to develop sound antipandemic policies. (e valuable findings
provided in this paper would help researchers understand the
impact of the pandemic better. (e clustering method used in
this paper can also be applied to other countries or cities to
reveal further the impact of antipandemic policies on traffic at
different levels of socio-economic development. Although the
above findings provide valuable information for policy devel-
opment and policy study in developing countries, this study has
some limitations. First, the paper did not show the change in the
trip distribution due to the lack of road users’ origin-destination
data. Second, only traffic count data have been used for analysis
instead of traffic demand investigation. (ird, the results of the
current study on the extent to which traffic was affected in
regions with different socio-economic levels include only 16
regions in Yunnan, and the information reflected in the results
is limited. (erefore, further study needs to be focused on the
trip spatial distribution and modeling the relationship between
traffic variations and levels of economic development economic
levels of regions. In addition, the strict antipandemic policies
can inevitably lead to a significant drop in traffic. On the other
hand, the lenient policywill not be able to end the pandemic and
may affect traffic for a longer time. How to strike a balance is
open to debate.
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