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ABSTRACT: Prior research on COVID-19 focused primarily on travel 
behavior changes before, during, and after the pandemic, with the aim 
of analyzing the significant variables. However, this research aims to 
study and compare the effects of traffic and transportation measures, 
specific events, and vaccination rates on the COVID-19 infection rate in 
Tehran, Iran. A correlation analysis is employed to investigate the degree 
of relationship between the number of infected individuals on each day 
and the implementation time of measures, events, and the vaccination 
rate. Over a 14-day period, the majority (67%) of measures and events 
had a significant impact on either decreasing or increasing the number 
of infections at a significant level of 1%. Results indicate that congestion 

pricing suspension has the most effect on decreasing the virus spread 
(correlation coefficient between -0.75 and -0.94). As another traffic-related 
measure, intercity travel bans also contributed to a decrease in infec-
tions. Additionally, certain holidays/events and their related movements 
and gatherings are linked to an increase in cases (correlation coefficient 
between 0.71 and 0.96). The ongoing decrease in infection rate could be 
attributed to the increasing vaccination rate, showing a negative correla-
tion with a coefficient of -0.771.

KEYWORDS: Pandemic control; Transportation measure; Traffic manage-
ment; Response effectiveness; Correlation analysis 

1. INTRODUCTION1

The outbreak of the COVID-19 virus as a serious threat to 
global public health was first recognized in December 2019 
with the emergence of the initial cases in Wuhan, China. 
The high infection rate, the lack of vaccination, and the un-
preparedness to combat this virus led to its rapid spread in 
other countries globally in a very short time (WHO, 2020). 
Approximately, 8,000 people were infected in only two months, 
prompting the World Health Organization to declare this vi-
rus as another global pandemic (Hatamzadeh et al., 2020). 
In response to these extraordinary conditions, governments 
implemented various measures to control the virus’s spread, 
including quarantine, social distancing, and restrictions on 
business activities. For instance, in China, measures such as 
quarantining infected people, travel restrictions, the closure of 
recreational facilities, and the prohibition of public gatherings 
were executed as preventative measures against the virus. The 
decrease in the transmission period and changes in the growth 
rate of new cases indicated the effectiveness of these measures 
in controlling the virus’s spread (N. Zhang et al., 2021).

Transportation system could also be considered as one item 
that can either accelerate or decelerate the virus’s transmission. 
The demand for various transportation modes is also influenced 
by the virus’s spread (Márquez et al., 2019), the restrictive 
measures imposed by governments, and individuals’ percep-
tion about their own safety (Bhaduri et al., 2020). For instance, 
individuals’ attitudes and mindsets can affect travel patterns 
and users’ choices (Hatamzadeh et al., 2020, 2021; Khalilikhah 
et al., 2016). Given the uncertainty about the infections means 
of this virus, people’s reactions and choices, have had a direct 
impact on transportation mode choice and travel behavior; one 
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of the most notable outcomes has been the decline in public 
transportation ridership (Tiikkaja & Viri, 2021).

It is very important to note, in contrast to previous research 
that correlated travel behavior change to socioeconomic vari-
ables (e.g., age, gender, and income), more specific factors need 
to be included such as personal attitudes (e.g., health concern 
and fear) as well as government policies and legal measures 
(Elias & Zatmeh-Kanj, 2021; Qi et al., 2021). In early 2020, 
cases were officially reported in Iran, a government committee 
was established to make decisions on controlling the virus’s 
spread, announcing them as measures of the National Task 
Force Against Coronavirus. These measures include various 
measures such as social distancing, school closures, and the 
cancellation of cordon pricing in the cities (The National Task 
Force Against Coronavirus in Iran, 2021). Considering the ini-
tiation of vaccination in February 2021, it can be argued that 
these measures could have been considered a major obstacle 
to decreasing the number of COVID-19 cases in Iran.

While there is a considerable amount of research conduct-
ed in this area, most studies focus on mode choice before, dur-
ing, and after COVID-19. They aim to investigate the factors 
related to these choices or conduct behavioural analyses of 
their decisions and try to investigate the effect of socioeco-
nomic variables on people’s travel behaviour. Hence, still, 
there is a considerable gap between the effect of government 
policies and personal travel attitudes during pandemics like 
COVID-19. Therefore, our study aims to analyze the impact 
of measures imposed by the Iranian government, as well as 
specific events, on the spread of COVID-19 in Tehran, Iran. 
The examined measures in this study encompass restrictions 
on business activities and traffic prohibitions. Their impacts 
on the number of patients are compared with vaccination, 
which was implemented at a later stage. 

This research will commence with a review of prior stud-
ies, an explanation of the research methodology, details on 
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the selection of measures and dates under scrutiny, an as-
sessment of the effects of these measures and events during 
specified time intervals, and a discussion of the findings. In 
the final phase, we will draw conclusions from the study and 
provide recommendations for future research.

2. LITERATURE REVIEW

With the rising rate of the COVID-19 virus in urban communi-
ties, researchers from various fields have delved into examining 
the impact of the virus on human lives, including assessing its 
influence on the urban transportation systems. For instance, 
understanding modal shifts during the COVID-19 pandemic is 
important for assessing the impacts on various transportation 
modes, infrastructure planning, and policy-making (J. Zhang 
et al., 2021). Besides, some research used the stringency index 
based on nine response indicators (workplace closures, school 
closures, closures of public transportation, restrictions on in-
ternal movements, international travel controls, cancellation of 
public events, restrictions on public gatherings, stay-at-home 
requirements, and public information campaigns to analyze the 
impact of COVID-19 on transportation sectors (Li et al., 2024; 
Sekadakis et al., 2023).  

A worldwide survey conducted by the WCTRS COVID-19 
Taskforce revealed a significant global modal shift from public 
transportation to other modes. Cars claimed the largest share, 
followed by walking, cycling, and motorcycles, with geographi-
cal variations indicating diverse changes in transportation 
behavior (J. Zhang et al., 2021). The emergence of COVID-19 led 
to decreased mobility in the United States (Warren & Skillman, 
2020) and a study in India by (Bhaduri et al., 2020) showed 
a propensity to shift towards remote work and online shop-
ping, with a preference for private modes of transportation. 
Similarly, Abdullah et al. (2020) found a significant shift from 
public transportation to personal and non-motorized modes, 
particularly for shopping purposes. Sahraei et al. (Sahraei et 
al., 2021), observed a 90% decrease in public transportation use 
across 12 countries from January to March 2020, accompanied 
by improved air quality. Arellana et al. (Arellana et al., 2020), 
studied the impact of COVID-19 regulations in Colombia, re-
vealing decreased use of all transportation modes. Aaditya and 
Rahul (Aaditya & Rahul, 2021), emphasized significant shifts 
in mode choice behavior during the pandemic, influenced by 
increased disease awareness and safety concerns. Policymak-
ers should consider these psychological impacts to provide safe 
and reliable transportation options post-lockdown.

The COVID-19 pandemic induced a shift in travel behav-
ior as individuals actively avoided public spaces due to vi-
rus-related concerns, resulting in significant travel decrease 
(Atombo et al., 2023). Studies in China emphasized the role 
of holiday travel as a major contributor to mobility chang-
es and virus spread compared to impending travel restric-
tions (Gibbs et al., 2020). In India, research on travelers’ 
perceptions during and after the lockdown phase revealed 
substantial changes in travel behavior, with a prevailing 
belief in the safety of private cars over other transporta-
tion modes, particularly among older and higher-income 
individuals (Rankavat et al., 2022). Similar findings in India 
by Das et al. (Das et al., 2021), linked changes in travel mode 
to socioeconomic variables, including age, gender, and in-
come. Borkowski et al. (Borkowski et al., 2021), highlighted 
an inverse relationship between travel times and the fear of 
contracting COVID-19 due to quarantine measures. In Iran, 
Shaer et al. (Shaer et al., 2021), explored the relationship 
between active travel modes and built environment variables 
in Shiraz, noting increased walking and cycling times in the 
central business district compared to other areas. Another 
study (J. Zhang et al., 2021), investigated travel behavior 
changes across age groups in Hong Kong, revealing decreases 

in intracity travel for adults, children, students, and the el-
derly from the virus outbreak to March 2021 in China (42%, 
86%, 73%, and 48%, respectively).

Ongoing studies on the impact of the COVID-19 pandemic 
on travel patterns reveal sustained changes. Italy, the first 
European country to enforce a lockdown, witnessed a sig-
nificant decrease in road traffic, notably in public transporta-
tion demand during the initial pandemic phase (Costa et al., 
2022). In Lisbon’s 2022 lockdown, socioeconomic activity 
and mobility patterns shifted. Post-lockdown, cycling in-
creased for recreational purposes, while work and school 
trips decreased (Costa et al., 2022). Another study on para-
transit operators during the pandemic highlighted safe but 
60% more expensive transportation services, impacting users 
based on travel purposes and demographics (Nie et al., 2022). 
Californian e-commerce and shopping patterns were affected 
by the pandemic, leading to changes in car miles driven and 
trips taken. Notably, 30% maintained pre-pandemic habits, 
54% increased e-commerce dependence, and 16% decreased 
reliance (Luo et al., 2023). In Massachusetts, societal disrup-
tion prompted increased reliance on cars for commuting, 
while on-site work likelihood rose for those who bought cars 
during the pandemic (Zheng et al., 2023). Another study in 
Pasig, Philippines, explored how proximity to green spaces 
influenced active travel behavior, highlighting significant 
contributions to walking and cycling. Green spaces were 
shown to promote well-being and active lifestyles during 
stressful times (Barquilla et al., 2023).

Developed nations have established policy frameworks 
to address various macroeconomic shocks, while develop-
ing countries, vulnerable to the devastating COVID-19 pan-
demic, respond on different scales due to institutional im-
pediments (Mogaji et al., 2022). The transportation sector, 
not significantly affected globally, raises concerns for coun-
tries grappling with limited options, high private automobile 
ownership, air pollution, and car accident-related fatalities 
(Khadem Sameni et al., 2021). Atahan and Alhelo’s study in 
Istanbul analyzed human mobility changes throughout one 
year of the COVID-19 pandemic, emphasizing its substantial 
impact on mobility patterns. They found a trend towards using 
personal automobiles for daily excursions, highlighting the 
importance of effective measures like staggered work hours 
and decreased transit capacity for sustainable transporta-
tion solutions (Atahan & Alhelo, 2022). In Indonesia, another 
study evaluated the government’s transportation policy dur-
ing the COVID-19 outbreak, revealing a decrease in effective-
ness over time. The greater costs associated with maintaining 
social distancing measures and the diminishing strictness 
of imposed mobility limitations may have a more significant 
impact on rising countries with large informal sectors, such 
as Indonesia (Khoirunurrofik et al., 2022). Another study’s 
investigation into the impact of the pandemic on Bangladeshi 
citizens’ travel choices revealed significant changes in travel 
mode preferences. Men, working and shopping outside, faced 
greater risk, with recreational trips decreased while work trips 
remained unaffected. Online work, education, and shopping 
grew in popularity, primarily in urban areas, with buses being 
the preferred mode of transportation for both short- and long-
distance recreation and market visits during the pandemic 
(Anwari et al., 2021). Since, the pandemic caused a significant 
decrease in global travel demand, with preferences shifting 
toward private vehicles, bicycles, walking, telecommuting, 
and online activities, some researchers tried to investigate the 
effect of telecommuting on COVID-19, and vice versa (Brůhová 
Foltýnová & Brůha, 2024; Javadinasr et al., 2022; Kogus et al., 
2022; Ton et al., 2022). 

Other authors explored the impact of travel demand man-
agement policies during the COVID-19 pandemic in Tehran, 
Iran, revealing shifts in travel behavior, mode choices, meas-
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ures, and infrastructure planning. They found that fear of 
virus exposure led to decreased public transportation use 
and increased reliance on private cars, potentially caus-
ing long-term declines in public transportation trips and 
changes in trip frequencies. To ensure a more sustainable 
transportation future, adaptable measures and strategies 
are crucial (Baghestani et al., 2023). In a study by Lak et al., 
analyzing 43,000 COVID-19 patients in Tehran during the 
first five months of the pandemic, spatiotemporal modeling 
and regression analysis investigated variables related to the 
pattern of COVID-19 infection across 22 districts. Population 
density, neighborhood scatter, pharmacies, stores, and factors 
linked to healthcare facilities and public transportation, such 
as bus stations, emerged as significant variables influencing 
the increased infection rate (Lak et al., 2021). 

This study addresses a significant gap in the literature 
by investigating the effect of urban transportation policies, 
governmental measures, and vaccination rates on COVID-19 
infection rates, a topic that has been largely neglected in prior 
studies. Whereas previous research has generally related 
changes in travel behaviour to socioeconomic issues, our 
analysis investigates the direct effects of specific transporta-
tion policy and public health measures on pandemic dynam-
ics. Our findings, which correlate traffic measures, events, 
and vaccination progress with infection trends in Tehran, 
Iran, provide new insights into the potential for targeted 
transportation policies and vaccine initiatives to affect pan-
demic outcomes. This study emphasizes the significance of 
combining urban transportation planning with public health 
measures, offering significant recommendations to policy-
makers and urban planners in pandemic management.

3. METHODOLOGY

In this study, the correlation between the COVID-19 infec-
tion rate and the various measures or events influencing it 
is explored in Tehran, Iran. The daily infection rate data have 
been published officially for each city of Iran (Ministry of 
Health and Medical Education, 2021). In the rest of this sec-
tion, the details of the measures and events under study are 

introduced, and the analytical approach of this research is 
also presented.

3.1 Measures, Events, and Vaccination Rate

As mentioned, one set of the investigated data comprises 
measures and some events. Since the movements can boost 
the infection rate of COVID-19 (Ahmadi et al., 2020), the gov-
ernments have tried to limit people’s movements to decrease 
the infection rates.

It should be noted that other factors can also influence the 
outbreak of COVID-19. However, in line with the purpose of 
this research, which aims to investigate the impact of trans-
portation-related factors and vaccination rates on the daily 
infection rate of COVID-19, we have examined three groups of 
measures, specific events, and vaccination rates that influence 
the volume of people’s movements (Figure 1).

3.1.1 Executive orders on work activities

As mentioned above, the first group of measures is “Executive 
orders on work activities,” which determine the type of activ-
ity in organizations and departments in the form of on-site 
or teleworking during the COVID-19 outbreak (Ministry of 
Health and Medical Education, 2021). The aforementioned 
measures align with the teleworking policy that decreased 
movements.

3.1.2 Traffic measures

The second category of measures affecting the number of 
patients under evaluation includes traffic-related measures, 
which include two main groups. The first one is related to 
the cordon pricing of Tehran city’s Central Business District 
(CBD), which has been implemented for private cars to address 
traffic congestion (Habibian & Rezaei, 2017).  For this aim, 
before the emergence of COVID-19, the cordon pricing policy 
was implemented in an area of 96 square kilometres within 
the CBD. According to this policy executed in Tehran, the 
people must pay entrance tolls to enter the CBD zone (Fowri 
& Seyedabrishami, 2020). However, during the COVID-19 era, 
this policy has been intermittently suspended and reapplied 
multiple times as a measure to control the spread.

Figure 1. Classification of measures/special events/vaccination rate affecting the infection of COVID-19
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3.1.3 Events
In this research, in addition to the aforementioned factors, 
the effect of some historical events, e.g., the Nowruz1 holidays 
and holidays over three days, as well as long weekends, has 
been investigated. It must be mentioned that those holidays 
usually resulted in more movements which could affect the 
number of COVID-19 patients.

3.1.4 Vaccination

The final category explores the effect of the vaccination rate of 
people who received two doses of the vaccine on the number 
of COVID-19 patients. The vaccination process in Iran started 
with a delay compared to other countries. The first dose of 
the vaccine was administered to medical staff in February 
2021, and after a time gap, the injection process for the entire 
population commenced. By October 2021, the vaccination 
rate had reached 30% of the population.

3.2 Correlation analysis

The correlation analysis is usually used to investigate the 
degree of correlation between two sets of variables. The lin-
ear correlation coefficient (r or R) is a measure that provides 
information on the extent to which two variables have a very 
close association (Senthilnathan, 2019). Fundamentally, the 
coefficient of correlation “R” will range between -1 and +1, i.e., 
-1≤R≤+1. According to (Gogtay & Thatte, 2017) by measure, 
the correlation coefficient can be interpreted based on its 
value. The positive value of R, i.e., (0<R≤+1), shows a positive 
correlation, and the negative value of R, i.e., (-1≤R<0), shows 
a negative correlation. It must be noted that the closer the 
correlation is to the absolute value of 1, the stronger the cor-
relations between the two variables.

In this study, the correlation between the number of infected 
individuals (i.e., daily confirmed new infection case) and the 
implementation time of measures by ‘The National Task Force 
Against Coronavirus in Iran,’ specific events, and the vaccina-
tion rate has been evaluated at a significance level of 1%. It is 
important to note that, in accordance with previous studies and 
guidelines in the field of controlling and containing the spread of  
COVID-19, a 14-day duration following the implementation 
of measures and events has been considered for studying 
the correlation (The Centers for Disease Control and Pre-
vention, 2021). In this way, during the implementation of 
each of the measures, the occurrence of events, or reaching 
a certain percentage of vaccination, the correlation between 
two categories of variables has been investigated. The first 
category, which represents the time frame, is an ascending 
14-day period containing 14 record set of data from 1 to 14. 
The second category, which can be ascending, descending, or 
a combination of the two, is the number of people infected with  
COVID-19 according to the mentioned period from day 1 (im-
plementation of measures, events, or vaccination) to day 14. 
It is on this basis that the relationship between the number 
of COVID-19 infections and the implementation of each of the 
actions and events is measured. The subsequent section will 
provide detailed information on the mentioned variables.

3.3 Overlook

Figure 2 shows the daily infection rate of COVID-19 in Tehran 
from the beginning of the COVID-19 outbreak to the end of 
2021. In the mentioned time in Tehran, there are five peaks of 
COVID-19, which are marked in red boxes. It is obvious that 
various factors can cause these peaks of COVID-19 infection, 
and measures, events, and vaccination processes are a signifi-
cant part of these factors. In this study, 23 measures of the 
National Task Force Against Coronavirus, events, holidays, 

1	 Nowruz is the Iranian (Persian) New Year starting usually on March 21st.  

and vaccination have been evaluated for their effectiveness, 
and the implementation time is illustrated in Figure 2. The 
approach of this study is to investigate the effectiveness of 
the mentioned factors that are effective in the infection rate 
with the COVID-19 virus, which will be analyzed in five time 
periods, and the results will be presented in the following 
parts. In some periods, to clarify the changes, the traffic sta-
tistics extracted from the analysis of the information of Teh-
ran’s Automatic number-plate recognition (ANPR camera) 
have also been used (Consortium of Amirkabir University 
of Technology and Tarbiat Modarres University, 2021). This 
information is taken from the output of Tehran traffic cam-
era records, based on which, the changes in modes between 
the dates of the measures of the cordon pricing (during the 
outbreak of COVID-19) and one year before (days without 
COVID-19) have been compared.

4. RESULTS

This section analyses the period studied from the beginning of 
the virus outbreak to the end of 2021 in five shorter periods. 
Also, in the first two periods, the traffic statistics of modes 
within the scope of cordon pricing of Tehran are used to evalu-
ate the effect of traffic measures on the rate of infections.

4.1 Time period 02/19/2020 to 06/20/2020

In examining the trend of changes in the number of infected 
people, the period from the beginning of the virus outbreak 
to the end of June 2020 in Tehran is analysed (Figure 3). The 
outbreak process exhibited fluctuations during this period, 
marked by two peaks. Through correlation, Table 1 analyses 
the effect of the mentioned items numerically. It is important 
to note that the effect period of each measure or event is 
considered two weeks, as indicated by green and red arrows 
in the figure.

Due to the unknown characteristics of the virus, and the 
lack of accurate information on how to manage it, the virus has 
developed rapidly at the beginning of its outbreak. To control 
the spread of the virus during the Nowruz holiday of 2020, the 
relevant authorities banned intercity travel. Consequently, the 
number of people infected with the virus decreased by 50% 
two weeks after the peak period. Another reason contributing 
to the decrease in infection rates was the suspension of cor-
don pricing in the middle of April 2020. The number of virus-
infected people has dropped from 356 to 213 after the cordon 
pricing suspension. Table 1 also shows the significance of the 
decreasing trend that these two measures have caused.

Businesses gradually started working after passing through 
the first peak period, and the intercity travel ban was lifted 
simultaneously. These measures gradually prepared the con-
ditions for the second peak period. According to Figure 3, the 
number of infected people has increased by over 60% in less 
than 20 days since implementing the above measures in the 
third week of April 2020. Nevertheless, a correlation analysis 
over a 14-day interval did not show a significant increase 
in infected. During May 2020, a multi-day holiday allowed 
citizens to travel to other cities, contributing to increased 
COVID-19 infections. This event, as well as the reapplying of 
cordon pricing and the full-time activities of organizations 
and departments, have also contributed to the upward trend 
in the number of infected in less than 10 days.

Traffic statistics confirm the effects of traffic measures on 
the number of infected with COVID-19. Table 2 shows the 
share of different vehicles in the cordon pricing rings of Tehran 
city before and after the implementation of traffic measures. 
Due to the suspension of cordon pricing, the share of non-pri-
vate vehicles (public transportation and taxis) has decreased 
by 4.8%. In contrast, the share of these vehicles increased by 
2.8% after cordon pricing was reestablished.
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According to Table 2, it can be concluded that if cordon 
pricing is canceled, more people will use their private cars 
for trips. A decrease in the accumulation of people in other 
vehicles, which serve as centers for transmitting the virus 
from one person to another, has been observed. However, with 
the reapplication of cordon pricing, this pattern changes, and 
the gathering of people in public transportation and taxis 
increases, becoming a contributing factor to the long-term 
increase in the number of patients (Gkiotsalitis & Cats, 2021; 
Rahimi et al., 2021).

4.2 Time period 06/21/2020 to 10/06/2020
Some measures and events have caused changes in the num-
ber of people infected with COVID-19 between the second 
and third peak periods of the virus. Figure 4 shows these 
changes from June 2020 to the first week of October. Dur-
ing the first week of August 2020, cordon pricing was again 
suspended, resulting in an 18% decrease in infected peo-
ple. After this measure, in the fourth week of August, the 
authorities decided to reapply the cordon pricing, which 
resulted in increasing the number of infected by 6%. Traffic 

Figure 3. Daily statistics of Tehran’s COVID-19 infection from 02/19/2020 to 06/20/2020

Item Class Measures/ Events Date Correlation analysis

Correlation 

coefficient

Significance 

level

1 C2, C3 Intercity travel ban, Nowruz holidays The fourth week of March 2020 -0.908 0.000

2 C2 Cordon pricing suspension The second week of April 2020 -0.940 0.000

3 C2 Intercity travel reapplying The third week of April 2020 -0.534 0.049

4 C3 Holidays more than three days and long weekend The fourth week of May 2020 0.881 0.000

5 C1, C2 Full-time activities of organizations and 

departments (Without any teleworking), Cordon 

pricing reapplying

The fourth week of May 2020 -0.530 0.051

Table 1. Correlation analysis between measures/events and the number of infected people (02/19/2020 to 06/20/2020)

Measures Date Share of  

private car (%)

Share of taxi (%) Share of public 

transportation (%)

Changes in the 

share of non-private 

vehiclesBI* AI** BI* AI** BI* AI**

Cordon pricing suspension The second week of April 2020 85.2 90 12.3 8 2.5 2 -4.8

Intercity travel reapplying The fourth week of May 2020 88.4 80.2 9.2 17 2.4 2.8 8.2

*BI: Before Implementation

**AI: After Implementation

Table 2. Share of different vehicles before and after implementation of traffic measures from 02/19/2020 to 06/20/2020
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measures in this period had no significant impact on infec-
tion rates, as indicated by Table 3. During this period, the 
four-day holiday at the end of August led to an increase in 
the number of infected people from 377 to 460 in two weeks, 
and the correlation analysis in Table 3 demonstrates that 
the trend is significant. All departments and organizations 
began operating at total capacity starting in the second week 
of September, contributing to the increase of 306 infected 
individuals in just two weeks.

In this period, changes in the share of different vehicles 
in the cordon pricing rings have occurred due to the imple-
mentation of traffic measures. According to Table 4, after the 
suspension of cordon pricing in the first week of August 2020, 
the share of non-private vehicles decreased by 6.1%, and with 
the reapplying of this plan in the fourth week of August, the 
share of these vehicles has increased by 2.6%.

4.3 Time period 10/07/2020 to 01/31/2021
Figure 5 shows the statistics of virus infections in Tehran 
from October to the end of January 2021. The figure indicates 
that the appropriate measures were not implemented before 
COVID-19 reached its third peak. In addition, two holidays 
in the last weeks of October have helped to aggravate the 
unfavourable conditions. As a result, the number of infected 
people increased two weeks after the second holiday from 
1249 to 2031 (63%). Table 5 also shows a strong correlation 
between the mentioned holidays and infection rates. The 
number of infected people reached its peak in November 2020 
as a result of the virus spreading during this time. This is why, 
for a week in November, the authorities shut down Tehran 
completely and teleworked all businesses. Within two weeks 
of this measure, the number of infected people decreased 
by 44%. With the decrease in the spread of the virus at this 

Figure 4. Daily statistics of Tehran’s COVID-19 infection from 06/21/2020 to 10/06/2020

Table 4. Share of different vehicles before and after implementation of traffic measures from 06/21/2020 to 10/06/2020

Measures Date Share of  

private car (%)

Share of taxi (%) Share of public 

transportation (%)

Changes in the 

share of non-private 

vehiclesBI* AI** BI* AI** BI* AI**

Cordon pricing suspension The first week of August 2020 83.6 89.7 13.5 8.3 2.9 2 -6.1

Intercity travel reapplying The fourth week of August 2020 87.8 85.2 9.7 12.1 2.5 2.7 2.6

*BI: Before Implementation

**AI: After Implementation

Item Class Measures/ Events Date Correlation analysis

Correlation coefficient Significance level

1 C2 Cordon pricing suspension The first week of August 2020 -0.453 0.104

2 C2 Cordon pricing reapplying The fourth week of August 2020 -0.625 0.017

3 C3 Holidays more than three days and long 

weekend

The fourth week of August 2020 0.862 0.000

4 C1 Full-time activities of organizations and 

departments (Without any teleworking)

The second week of September 

2020

0.801 0.001

Table 3. Correlation analysis between measures/events and the number of infected people (06/21/2020 to 10/06/2020)
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peak and at the same time as a holiday in January 2021, the 
ban on intercity travel has been cancelled, and travel during 
this holiday has been another factor in the increase in the 
number of infected people.

4.4 Time period 02/01/2021 to 05/19/2021

Statistics show an increase in virus infections in the win-
ter of 2021 (Figure 6). Like previous multi-day holidays, 
February holidays have led to a significant increase in the 
number of infected people during two weeks, which can be 
seen in Table 6. Tehran shows its fourth peak of COVID-19 
due to a series of factors at the end of March 2021 and the 
start of the Nowruz holiday. We can mention lifting the 
intercity travel ban in Tehran, which led to many trips from 
or to Tehran. At the same time as this holiday, the English 
variant of COVID-19, known as Alpha, entered Iran and 
spread quickly. In Figure 6, it is seen that two weeks after 
the last day of the holiday, the highest infection rate since 
the beginning of the outbreak, 5497 people per day, has 
been recorded, showing a growth of 120% in two weeks. 
To control the virus in the fourth peak of COVID-19, in the 
first week of May 2021, cordon pricing was suspended in the 
city of Tehran, which resulted in a 55% decrease in infection 
cases after two weeks.

4.5 Time period 05/20/2021 to 12/31/2021
This period from May to December 2021 includes the fifth 
and last peak of COVID-19 (Delta), which was investigated 
in this study. It is worth noting that only in this period the 
vaccination of people with the COVID-19 vaccine has reached 
an acceptable level, and its positive effect has been shown 
(Figure 7). At the beginning of this period (the first week of 
June 2021), a four-day holiday, like other previous holidays, 
increased the number of patients by 57% within two weeks. 
However, this issue is not significant according to the re-
sults of the correlation analysis in Table 7. At the same time 
as this holiday, the dangerous variant of Delta has arrived 
in Tehran, which has prepared the conditions for entering 
the fifth peak of COVID-19. With the intensification of the 
spread of COVID-19 and reaching the highest infection rate 
in Tehran (11,000 people per day) to control the virus, it was 
decided to completely close all businesses, including offices, 
organizations, and guilds, for 5 days. During this period, 
intercity travel was also prohibited, and the suspension of 
cordon pricing was implemented in Tehran. These approvals 
have shown their positive effects in the next two weeks in 
such a way that the number of infections has decreased by 
about 40% (about 4000 people). The high coefficient value 
of -0.804, as shown in Table 7, indicates a significant nega-

Figure 5. Daily statistics of Tehran’s COVID-19 infection from 10/07/2020 to 01/31/2021

Item Class Measures/ Events Date Correlation analysis

Correlation coefficient Significance

1 C3 Holidays more than three days and long 

weekend

The third week of October 2020 0.957 0.000

2 C3 Holidays more than three days and long 

weekend

The fourth week of October 2020 0.921 0.000

3 C1, C2 Closure of organizations and departments, 

Intercity travel ban

The fourth week of November 2020 -0.925 0.000

4 C2, C3 Intercity travel reapplying, Holidays more 

than three days and long weekend

The third week of January 2021 0.706 0.005

Table 5. Correlation analysis between measures/events and the number of infected people (10/07/2020 to 01/31/2021)
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tive correlation between this measure and the infection rate, 
confirming the effectiveness of the implemented measures 
in decreasing infections.

With the decline of the fifth peak of COVID-19 and reaching 
stable conditions in October 2021, two multi-day holidays at 
the beginning and end of this month could lead to an increase 
in the number of patients, but this did not happen, and the 
results of Table 7 show that this trend is not significant. One 
of the main reasons for these conditions is the achievement of 
a suitable level of vaccination for people with the COVID-19 
vaccine. The vaccination process, which had started months 
ago, intensified at the same time as the number of infections 
dropped to the fifth peak in Tehran. About 30% of the city’s 
people were vaccinated in the third week of October. This 
vaccination rate of people helped to prevent the increase in 
the number of infections and the beginning of a new peak. It 
should be noted that the significance of decreasing infection 
statistics through 30% vaccination is not significant at the 
99% confidence level but at the 95% confidence level.

With the increase in the vaccination rate of people, the 
improvement of the conditions of COVID-19 and the decrease 
of people infected with this virus have continued during No-
vember 2021. About 45 days have passed since the vaccina-
tion of 30% of people; in the first week of December 2021, 
the rate of vaccinated people has reached more than 57% 
(almost doubled). This vaccination rate, which is correlated 
with a coefficient of -0.771, is one of the reasons why the trend 
of contracting the virus continues to decline, although the 
activity of all businesses resumes with 100% attendance of 
employees at work in the second week of December.

Correlation analysis results for significant cases are pre-
sented in Table 8, ranging from the highest decrease impact 

to the highest increase impact. The cordon pricing suspension 
has highest impact on decreasing the infection rate (with 
correlation coefficient equal to -0.940), and holidays more 
than three days and long weekend has highest impact on 
increasing the infection rate (with the correlation coefficient 
equal to 0.957).

5. CONCLUSIONS

With the emergence and spread of COVID-19 around 
the world, human societies have undergone fundamen-
tal changes in lifestyle. The change in travel patterns is 
one of the most significant examples of such changes.  
In order to minimize the spread of the virus and enhance 
community health, authorities and decision-makers have 
been compelled to approve and implement new regulations, 
such as social distancing and quarantine. Despite existing 
studies, the impact of transportation measures on the num-
ber of infections has been less considered. The aim of this 
study is to investigate this impact and associate it with vac-
cination records through correlation analysis. The evalua-
tion of transportation measures over a 14-day period reveals 
that, at a significance level of 1%, the majority (67%) of these 
measures had an impact on the number of infections (either 
increasing or decreasing). 

Based on results, traffic-related measures (Class C2) have 
had the greatest impact on decreasing the trend of infections. 
Cordon pricing suspension, combined with an increase in 
preference for personal vehicles, led to a decrease in infec-
tions as a result of decreasing crowding among non-personal 
vehicles. This conclusion is evident in the correlation coef-
ficients associated with these measures. As another traffic-

Figure 6. Daily statistics of Tehran’s COVID-19 infection from 02/01/2021 to 05/19/2021

Item Class Measures/ Events Date Correlation analysis

Correlation coefficient Significance

1 C3 Holidays more than three days and long weekend The second week of February 2021 0.875 0.000

2 C2, C3 Intercity travel reapplying, Nowruz holidays The fourth week of March 2021 0.901 0.000

3 C2 Cordon pricing suspension The first week of May 2021 -0.755 0.002

Table 6. Correlation analysis between measures/events and the number of infected people (02/01/2021 to 05/19/2021)
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Figure 7. Daily statistics of Tehran’s COVID-19 infection from 05/20/2021 to 12/31/2021

Item Class Measures/ Events Date Correlation analysis

Correlation coefficient Significance

1 C3 Holidays more than three days and long weekend The first week of June 2021 0.605 0.022

2 C1

C2

Closure of organizations and departments, 

Intercity travel ban, Cordon pricing suspension

The third week of August 2021 -0.804 0.000

3 C3 Holidays more than three days and long weekend The first week of October 2021 0.257 0.374

4 C4 Vaccinated people with two doses related to total 

population (29.9 %)

The third week of October 2021 -0.606 0.022

5 C3 Holidays more than three days and long weekend The fourth week of October 2021 -0.250 0.389

6 C4 Vaccinated people with two doses related to total 

population (57.3 %)

The first week of December 2021 -0.771 0.001

7 C1 Full-time activities of organizations and 

departments (Without any teleworking)

The second week of December 2021 -0.649 0.012

Table 7. Correlation analysis between measures/events and the number of infected people (05/20/2021 to 12/31/2021)

Item Class Measures/ Events Date Correlation analysis

Correlation coefficient Significance

1 C2 Cordon pricing suspension The second week of April 2020 -0.940 0.000

2 C1, C2 Closure of organizations and departments, 

Intercity travel ban

The fourth week of November 2020 -0.925 0.000

3 C2, C3 Intercity travel ban, Nowruz holidays The fourth week of March 2020 -0.908 0.000

4 C1, C2 Closure of organizations and departments, 

Intercity travel ban, Cordon pricing suspension

The third week of August 2021 -0.804 0.000

5 C4 Vaccinated people with two doses related to total 

population (57.3 %)

The first week of December 2021 -0.771 0.001

6 C2 Cordon pricing suspension The first week of May 2021 -0.755 0.002

7 C2, C3 Intercity travel reapplying, Holidays more than 

three days and long weekend

The third week of January 2021 0.706 0.005

8 C1 Full-time activities of organizations and 

departments (Without any teleworking)

The second week of September 2020 0.801 0.001

9 C3 Holidays more than three days and long weekend The fourth week of August 2020 0.862 0.000

10 C3 Holidays more than three days and long weekend The second week of February 2021 0.875 0.000

11 C3 Holidays more than three days and long weekend The fourth week of May 2020 0.881 0.000

12 C2, C3 Intercity travel reapplying, Nowruz holidays The fourth week of March 2021 0.901 0.000

13 C3 Holidays more than three days and long weekend The fourth week of October 2020 0.921 0.000

14 C3 Holidays more than three days and long weekend The third week of October 2020 0.957 0.000

Table 8. Significant correlation analysis between measures/events and the number of infected people within the studied period
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related measure, the intercity travel bans also contributed 
to a decrease in infections. This measure can be strategi-
cally utilized in events such as holidays to decrease travel. 
Additionally, the results indicate that measures related to 
work activities (Class C1) did not show sufficient effective-
ness compared to other categories. Among them, only the 
complete closure of businesses had a significant impact on 
decreasing the number of infections. These findings suggest 
that one-third and two-third work shifts did not have suffi-
cient executive efficacy to decrease infection rates.

Holidays (Class C3) have led to the greatest increase in 
infection statistics of all the measures and events identified 
as contributing to the trend. This increase in virus infections 
can be attributed to several factors, including gatherings 
with limited physical distances and better travel conditions 
for Tehran residents to other cities. Another notable result of 
this study is that the absence of restrictions (such as intercity 
travel bans) during official holidays, especially during the 
Nowruz holiday, substantially increases infection rates, as 
clearly observed during the Nowruz holiday of 2021. Among 
work activities, only full-capacity operation of offices has led 
to a significant increase in infection rates.

The research was faced with some limitations, mainly due 
to the nature of the data and the employed analysis. Given 
that the adopted measures are dependent on decisions made 
by the National Coronavirus Headquarters and various tem-
poral events, it is evident that, with access to more compre-
hensive data and the removal of data constraints, statistical 
models can be employed for a more accurate prediction of 
the trends in the changes of infection statistics. Because 
multiple resolutions were implemented at the same time, this 
study is limited by the lack of differentiation in the source of 
trends. Furthermore, city-level cameras for personal vehicles 
were used in this research. The combination of registered 
travel data and public transportation data can be used in 
future studies to conduct more in-depth analyses. Examin-
ing the relationship between events and policies (measures) 
and changes in travel mode can also be discussed in future 
studies. Employing other measures such as Stringency index 
can also be suggested for future similar research to include 
the strictness of government policies. 
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