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Abstract: The COVID-19 pandemic has had an unprecedented impact on the transportation sector,
with changes expected to last for a long time. Following the reopening phases, increased use of
private vehicles and continued avoidance of exposure to the infectious virus in public transportation
exacerbated urban traffic and environmental problems. The paper aims to evaluate the impact
of travel demand management strategies during the COVID-19 pandemic in Tehran, Iran. That
city provided a unique case study because of its high COVID-19 contagion and death rates, traffic
congestion, and lack of government restriction plans, which are common in developing countries.
Four scenarios combining various travel demand management strategies were considered during
the pandemic. The findings highlight the importance of considering the tradeoffs between different
performance measures when selecting a suitable travel demand management strategy. Depending
on the goals that decision-makers have set, the strategies may not be additive. While teleworking,
e-learning, and rescheduling working hours all help reduce traffic congestion, the pricing strategy
contributes significantly to meeting environmental and health goals. The findings also highlight the
nonlinear pattern of change associated with each strategy.

Keywords: COVID-19 pandemic; travel demand management; developing countries; traffic and
emission impacts

1. Introduction

COVID-19 has had an unprecedented impact on people’s lives worldwide. It has
claimed millions of lives and overburdened hospitals, and new variants continue to pose
threats to healthcare systems. Transportation systems, like many other systems, have
experienced changes such as different travel behavior and mode preferences, new policies,
and new infrastructure planning [1,2]. During COVID-19 and its lockdown periods, travel
demand plunged by 40 to 90% around the world from Sydney, Australia, to London, UK,
Phoenix, USA, and Pune, India [3,4]. In addition to the overall reduced demand, preferences
for travel modes and patterns also changed [5–8]. The high risk of virus exposure caused
people to cancel their recreational trips or not use mass transport [9,10].

Social distancing, according to public health experts, is one of the most effective
tools for containing the spread of COVID-19. Because of its protective effect, local and
federal governments mandated social distancing via school closures, reduced of mass
transport systems and telecommuting capacity, and more restricted stay-at-home orders.
Traveler behavior also changed because of the perceived risk of contracting the virus. As
a result, the pandemic has had a significant impact on both travel decisions and modes
of transportation [11]. For instance, Zhang et al. indicated that the local travel numbers
for Hong Kong’s Metro Transport Railway were reduced by 43–59% on weekdays and
weekends [12].
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As people realized that COVID-19 is an airborne disease, they tended to avoid public
transport to reduce their risk of exposure to the SARS-CoV-2 virus [13] during lockdowns
and afterward. As a result, private cars, bicycles, walking, telecommuting, and online
shopping/school have replaced public transport trips [14–18]. Even after a year into the
pandemic, twenty metropolitan areas in the US faced a 40–80% reduction in public transport
trips [19]. Besides concerns of contracting the virus from close contact on mass transport,
stay-at-home and lockdown orders and changes in public transport service levels have
resulted in a 75% decrease in public transport numbers [20].

The impacts will not be limited to the short-term; long-term impacts will continue to
affect transportation systems. Similar to current patterns, Salon et al. [21] reported that
public transport trips will decline by 40% in post-pandemic times. Half of that reduction will
mainly derive from changes in trip frequencies, like trips being replaced by telecommuting,
and the remainder from trips shifting to other modes, mostly private cars. The changes will
also extend to deeper layers of travel behavior. As an example, 18% of non-car owners in
Boston, US, have decided to purchase a car for fear of using public transport with its higher
risk of contracting the virus. Using observation and survey data and from a modelling
perspective, Wang et al. [22] showed that New York City will face a 142% increase in car
trips compared to pre-pandemic levels. In contrast, public transport numbers will only
reach 73% of pre-COVID levels. A reduction in public transport trips will eventually
shrink the quantity and quality of mass transport systems. However, that creates equity
concern for the low-income population, who will rely more on them, though it may present
opportunities to promote other transport modes such as bike sharing, which are more
sustainable and do not increase the risk of exposure to the virus [23]. Other studies have
indicated that public transport is also being replaced by private cars in developing countries.
However, other travel patterns, like remote shopping, did not occur as much during the
pandemic because of their weak e-commerce infrastructure [24,25].

The aim is to evaluate travel demand strategies that can mitigate the effects of COVID-
19 (focusing on the first waves, started in January 2020) on the transportation sector and
align systems toward more sustainable transportation goals. It is critical to develop policies
that will allow transport systems to adapt to new changes in travel behavior. Despite all the
challenges the pandemic has brought to transport systems, there is a unique opportunity to
shape a more sustainable future for them [15,26]. For example, positive attitudes toward
telecommuting can help reduce portions of commuter trips that did not appear to be
replaceable previously. Both demand- and supply-side strategies should be considered to
mitigate congestion and the environmental impacts of the shift toward increased private car
usage. Regulations like reducing the carbon intensity of the transportation sector, as well as
demand-side strategies like reducing travel demand, pricing, and telecommuting, can help
mitigate the effects of COVID-19. The window of opportunity to reshape transportation
systems is supported as the public support government decisions for allocating funding
to public transportation [16]. During COVID-19, Tehran, Iran, was chosen as a testbed to
study the effect of urban travel demand management (TDM) strategies. Iran faced peaks of
COVID-19 no later than a month after the first case was reported in February 2020 and thus
ranked among the top ten countries for rates of contagion and death. Tehran, as the capital,
has also experienced congested traffic and negative health outcomes resulting from vehicle
emissions exposure.

As a result, it is critical to quantify the observed changes in travel patterns in Tehran
without a strict stay-at-home order and investigate the factors driving these patterns. While
financial support backed more restrictive plans in developed countries, resulting in more
predictable travel patterns, loose restrictions combined with limited access to vaccines send
contradictory signals to people in developing countries. As a result, the effects of chaotic
events like pandemics on travel patterns in developing countries are more unpredictable.
The findings could help in planning for the long-term impact of COVID-19 as well as similar
unexpected cases in the future. Furthermore, because developing countries are already
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struggling to meet emission reduction targets, it is critical to examine climate change actions
and justice concerns through the lens of a developing country.

The remainder of this paper is organized as follows. Section 2 describes the study area,
while Section 3 presents the methodology, which includes TDM strategies, TDM scenarios,
and their implications for traffic and emissions, followed by a discussion in Section 5. The
paper concludes with a summary of its findings and future research directions.

2. Study Area

Tehran, the capital of Iran, with a population of more than 8.8 million, is the second
most populated metropolitan in the Middle East [27], with a very dense population of
11,800 residents per square kilometer and an average of 1.68 people per room in homes [28].
It has 18.3 million vehicle trips per day, an increase of 23% during the past decade [29].
Despite seven subway and ten Bus Rapid Transit lines, the private vehicle is the first mode
chosen for urban trips (50%), with 21% choosing public transportation, 18% taxi (jitneys),
7% motorcycle, and 4% other modes [30].

Increasing car usage, subsidized gasoline, and other car-friendly policies have led to
severe traffic congestion and air pollution [29,31,32]. Traffic-related emissions are one of
the most significant sources of air pollution in Tehran, the 12th most polluted city among
the world’s 26 megacities in terms of ambient particulate matter less than 10 µm, including
matter at PM2.5 and PM10 [33,34]. To relieve traffic congestion and reduce transportation
pollution, congestion pricing (CP), one of the most effective TDM strategies [27,35,36], has
been implemented for private vehicles in Tehran (Figure 1). The type of congestion pricing
in Tehran is zone-based, which involves setting surcharges for a specific congested area.
Users are charged for either driving within or in/out of that area.
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Figure 1. Study area and congestion pricing zones.

As indicated in Figure 1, the CP scheme consists of two rings, which impose additional
fees on drivers entering them. The charge is composed of a base toll multiplied by various
coefficients based on the vehicle emission type (A technical inspection certificate is assigned
to each vehicle regarding the level of its carbon monoxide emission), residential location,
travel area (first ring, second ring, or outer area), and travel time (peak and off-peak). For
instance, a vehicle with premium certificates for carbon monoxide emissions (e.g., hybrid)
that passes through the rings during off-peak would pay much less. The charging time
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is from 6:30 to 19:00 and there’s a discount for drivers with pre-charged toll accounts.
Due to its congested traffic conditions, the base toll for the first (inner) ring is about twice
higher, while vehicles can enter the second (outer) ring for up to 20 days per season for free.
Exemptions are made for weekends, holidays, and motorcycles, buses, and taxis.

3. Methods

Figure 2 illustrates the framework developed for this study for modeling TDM scenar-
ios using the multimodal transportation planning system. The TDM strategies considered
during the pandemic were defined first, followed by their potential impact on travel pat-
terns. Different sources, such as survey data and policy regulations, were employed to
explain a strategy’s impact on travel patterns. Next, mixed TDM scenarios were proposed,
and variant interactions of the strategies were tested by the bilingual Multimodal Trans-
portation Planning Software known as Multimodal Equilibrium (EMME/2). For instance,
Scenario 1 included teleworking and e-learning, and Scenario 2 consisted of teleworking,
e-learning, and changing the CP scheme. Each scenario impacted different steps of the
transportation plan, such as trip generation or mode choice. As a case in point, trip work
was affected by teleworking since some employees work remotely, so their routine trips
were removed from the applied demand on the network. In this step, the pre-estimated
Origin Destination (OD) matrices for 650 travel analysis zones were changed to reflect the
scenario impacts by trip purpose and mode (including private vehicle, public transport,
taxi, etc.). The updated OD matrices were assigned to the network during the morning
peak hour. The comparative analysis of traffic, emissions, and energy impacts of each
scenario was evaluated for the case study by employing different measures.
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3.1. TDM Strategies

The current study considers the four TDM strategies implemented during the COVID-19
pandemic below.
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3.1.1. Teleworking

Teleworking (sometimes called telecommuting) is a method of organizing and working
from home by using information and technology rather than traveling to a workplace [37].
Teleworking, as a TDM strategy, reduces trip generation and contributes to reduced traffic
congestion, vehicle miles traveled and traffic-related air pollution [38,39]. While telework-
ing may lead to better autonomy, job satisfaction, and a reduction in work-family conflict,
it can harm professional relationships [40]. Due to the COVID-19 pandemic, teleworking
is now more than just a research topic [41]. It is likely to persist to some extent, given
its acceptance and preference among employees and employers [42,43]. It is expected to
control the further spread of the virus by decreasing commuting trips by personal vehicles
and public transport [39].

Because of widespread COVID-19, Tehran, like cities worldwide, used teleworking
during the pandemic. Teleworking was implemented by requiring a certain percentage of
employees, based on their job type, to work from home. The target groups’ percentage was
adjusted based on the number of positive cases in the city. However, due to the economic
crisis and lacking technology infrastructure, it was not feasible to ask a large percentage
of employees to work remotely. A survey of 500 individuals who work as managers or
decision-makers was conducted to evaluate the potential of teleworking based on the
current infrastructure [44]. Overall, the results suggested that teleworking for 10–20% of
employees might be feasible in the current situation. Additionally, analysis of the traffic
camera records for the CP rings showed a reduction of 15–25% of traffic volumes entered
them, which could be attributed to teleworking [45]. Based on these statistics, this study
considered the scenario of 20% of employees teleworking. Indeed, to simulate the policy
impact, a coefficient of 0.8 was applied to the components of the OD matrices of Tehran
work trips.

3.1.2. E-Learning

Education was one of the sectors significantly affected by the COVID-19 pandemic. To
curb the spread of COVID-19, many governments decided to temporarily close educational
institutions [46], including the one for this study. Hence, e-learning, referring to the
design, development and delivery of educational materials by the internet and other virtual
technologies, became more common [47]. In order to take account of the e-learning scenario,
education trip OD matrices were removed from the network assignment.

3.1.3. Changing the Congestion Pricing Scheme

In order to control the spread of virus, some changes were applied to the CP scheme.
The charging time for both CP zones (Figure 1) was shortened. Before the pandemic, private
vehicles paid fees for commuting throughout the pricing zones between 6:30 and 17:00
whereas the new policy imposes fees between 8:30 and 14:00. Consequently, some people
who used to commute by public transport might now prefer to use their own passenger
vehicle. Perhaps they would not be charged anymore (as they entered the pricing zones
before the charging time started and left it after it ended) or wanted to avoid the crowding
in public transport.

A comprehensive analysis was conducted of users’ travel behavior in response to
these changing CP schemes [44]. This paper used the results of its previous analysis, which
included a questionnaire design, net-based and paper-based surveys, and an analysis of
1500 respondent travel patterns. According to the data collected, changing the CP scheme
increased the use of private vehicles by 25% and decreased the use of public transport and
taxis by 18% and 7%, respectively. These modifications were made to the OD matrices of
each mode before assigning matrices to the private and public networks.

3.1.4. Rescheduling Working Hours

Rescheduling working hours is a TDM strategy focused on departure time and aims to
control and manage travel demand throughout the day or for a specific period, such as the
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morning peak. Because of the congested traffic conditions in Tehran during morning peak
periods, which worsened during the COVID-19 pandemic, decision-makers considered
rescheduling working hours by shifting the start-time for some employees earlier by 0.5 to
1 h to reduce the morning peak traffic volume. Because there was a modal shift from public
transportation to private vehicles to avoid crowding and reduce the risk of infection, this
strategy should have alleviated traffic congestion. According to an analysis of traffic camera
records, it reduced the morning peak traffic by 3%, which was used in the simulation’s
related scenario [44,45].

3.2. TDM Mixed Scenarios

In order to simulate the traffic and emission impacts of TDM strategies, specific
scenarios were defined and implemented in the EMME/2 software (Table 1). The frequency
of policies implemented by the authorities during the study was used to select strategies
within each scenario. Teleworking and e-learning, for example, have been considered since
the beginning of the pandemic and are still among the executive policies. Descriptions of
each scenario follow Table 1.

Table 1. TDM scenarios during the COVID-19 pandemic for the case of Tehran.

Strategy
Scenario Teleworking E-Learning Changing the Congestion Pricing Scheme Rescheduling

Working Hours
TDM1 3 3 – –
TDM2 3 3 3 –
TDM3 3 3 – 3

TDM4 3 3 3 3

TDM1: The combination of teleworking and e-learning was considered for this sce-
nario. In this regard, 20% of work trips and all education trips were removed from the base
demand. In the simulation, a coefficient of 0.8 was applied to the components of the work
trip OD matrices while the OD matrices of education trips are not applied to the networks.

TDM2: The combination of teleworking, e-learning, and changing the CP scheme was
considered for this scenario. Besides the previous changes, some modifications were made
to the use of private vehicles, public transport, and taxis. Work trip OD matrices were
multiplied by 0.8, and education trip OD matrices were removed before mode choice. After
determining the OD matrices for each mode, a 25% increase was applied to the private
vehicle matrices, an 18% decrease to public transport matrices, and a 7% decrease to the taxi
matrices to represent the effect of changing the CP scheme. Next, these modified matrices
were assigned to the networks.

TDM3: The combination of teleworking, e-learning, and rescheduling working hours
was considered for this scenario. The education trip OD matrices were removed again. Since
shifting the working hours reduced the traffic by 3%, a 0.8–3% coefficient was applied to the
components of the work trip OD matrices to show the simultaneous effect of teleworking
and rescheduling working hours.

TDM4: This scenario considers the four strategies together. Indeed, to simulate TDM
4, the education trips matrices were removed; 23% of work trips were removed; in the
mode choice process, +25%, −18%, and −7% changes were applied to the OD matrices for
private vehicles, public transport, and taxis, respectively.

3.3. Travel Demand Forecasting Model (EMME/2: Equilibre Multimodal/Multimodal Equilibrium)

In this paper, EMME/2, a multi-mode urban transportation forecasting system, was
used to evaluate the TDM policies. This system was calibrated and used to model Tehran’s
long-range transportation plans [48]. The demand prediction process included steps such
as trip generation, trip distribution, mode choice forecasting, and freight transportation.
The outcome was travel demand in the form of a PCE (passenger-car-equivalent) and
public transport vehicles assigned to the auto and public transport networks. EMME/2
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combined the aggregate demand model with equilibrium type road assignment and transit
assignment methods [49]. The results of simulating TDM scenarios could then be presented
in the form of different network measures such as average PCE speed, total travel time, total
distance traveled, and delay. The emission impacts of the scenarios during the pandemic
were then analyzed by integrating network measures with air pollution models (fuel
consumption and vehicle emissions). The emission and fuel consumption factors were
assigned to links based on their speed and road type, and the final emission inventory or
fuel consumption was calculated by multiplying emission factors by the Vehicle Kilometer
Traveled (VKT) on each link.

4. Results

This section discusses the TDM scenario results by first analyzing traffic conditions,
then emissions and energy impacts.

4.1. Traffic Impact

To investigate traffic conditions in the TDM scenarios, various measures were chosen
like the average speed, total travel time, delay (as a percentage of total travel time), VKT,
and the percentage of the network area whose volume over capacity ratio (V/C) was
greater than one. Table 2 indicates the network measures for the TDM scenarios and the
base scenario of do-nothing. Note that all scenarios were run for the morning peak period
(7:00–9:00) because of the software’s limitation. The values in the base scenario (e.g., a
55% delay) also indicated the need for transportation policies to alleviate Tehran’s traffic
congestion. Overall, the results revealed the positive impacts of all the TDM scenarios on
transportation network performance compared to the base scenario.

Table 2. TDM scenarios impact on traffic conditions in the morning peak period.

Scenario Strategy

Measure

Ave Speed
(Km/h)

Travel Time
(Veh-h)

Delay
(% of Travel

Time)

VKT
(Veh-Km)

V/C > 1
(% of Network

Area)

Base – 24.24 335,515 55.61 8,131,996 13.57
TDM1 Teleworking + E-learning 30.74 208,924 44.93 6,421,552 7.22
TDM2 TDM1 + Relaxed CP 27.47 257,362 50.48 7,070,129 9.72
TDM3 TDM1 + Peak-shifting 31.29 201,887 44.01 6,316,480 6.71
TDM4 TDM2 + TDM3 28.20 246,060 49.23 6,939,494 9.35

Figure 3 better compares the effect of different scenarios on traffic network measures.
For simplification, a change’s direction was ignored. Only the positive effects explicitly
highlighting an increase in average speed or reducing other measures, like travel time,
were noted. According to the results, TDM1 and TDM3 resulted in improved network
performance by the elimination of educational trips (e-learning) and changes in the OD
matrices of work trips (teleworking), which resulted in reduced morning peak trips and
traffic volumes. TDM1 and TDM3 boosted average speed by 27% and 29%, respectively.
Furthermore, their total travel times were reduced by 38% and 40%, respectively. TDM3
had more impact by rescheduling working hours, which caused employees to shift their
departure times before the morning peak.

TDM4 and TDM2 were less effective but, with a distinction, could be considered
equivalent to TDM3 and TDM1. That distinction refers to the increased use of private
vehicles resulting from the changed CP schemes. Because TDM4 and TDM2 increased the
use of private vehicles, their positive impacts trailed those of the other two scenarios. As a
result, their percentage of positive impact on average speed was 16% and 13%, respectively.
These scenarios also had a lower overall impact on travel time (27 and 23%). Furthermore,
the percentage of network area having V/C > 1 varied the most among the different traffic
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measures, from 28% for TDM2 to 51% for TDM3. The shortest range also belonged to delay,
which was reduced by 9 to 21% in various TDM scenarios.
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4.2. Emission Impact

The different TDM scenarios impacted emissions on the transportation network’s
performance. The amount of traffic-related air pollutants (CO, HC, and NOx) per kilometer
was assumed to be a function of vehicle technology, fuel type, and vehicle speed [48].
These functions were defined for each vehicle type and entered into the software’s traffic
assignment model, which then estimated the total emission inventory for each scenario
based on emission rates and traffic volumes by vehicle type (Table 3). According to the
results, implementing the proposed scenarios had significant environmental consequences.
For example, combining teleworking and e-learning (TDM1) reduced CO emissions from
480,068 kg to 326,235 kg. In the case of HC, implementing TDM3 and TDM4 reduced
emissions by 19,690 kg and 13,542 kg, respectively.

Table 3. TDM scenario impacts on emissions in the morning peak period.

Scenario Strategy
Emission (Kg)

CO HC NOx

Base – 480,068 56,598 9847
TDM1 Teleworking + E-learning 326,235 (−32%) 38,034 (−33%) 8183 (−17%)
TDM2 TDM1 + Relaxed CP 388,176 (−19%) 44,657 (−21%) 8665 (−12%)
TDM3 TDM1 + Peak-shifting 316,830 (−34%) 36,908 (−35%) 8105 (−18%)
TDM4 TDM2 + TDM3 375,269 (−22%) 43,056 (−24%) 8568 (−13%)

Figure 4 indicates the percentage of the TDM scenarios’ positive impacts on Tehran’s
traffic emissions. When emission reductions were considered positively, the positive value
in the figure corresponds to a scenario’s reduction. In the same way that traffic measures
had a larger positive impact than TDM2 and TDM4, TDM1 and TDM3 had a larger positive
impact than TDM2 and TDM4. According to the results, TDM3 had the most significant
impact, reducing traffic emissions of CO, HC, and NOx by 34, 35, and 18%, respectively.
Furthermore, the variation in the range of changes could have referred to the assumed
emission rates for the various vehicle types. The findings showed that demand changes
caused by the scenarios that reduced private car traffic volumes had more impact on CO
and HC than NOx.
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4.3. Energy Impact

TDM scenarios could also be evaluated from an energy standpoint, in addition to their
effects on traffic and emissions. Among several possible factors, fuel consumption was
chosen for that analysis. Fuel consumption was assumed to be proportional to vehicle
type and speed. In this regard, the average speed of each link was computed in the
traffic assignment step, followed by the fuel consumption per roadway kilometer for each
vehicle type. The total fuel consumption was calculated by multiplying the calculated
rates by traffic volumes (by vehicle type) and the length of the link. Table 4 shows the fuel
consumption by gas and gas oil for each TDM scenario.

Table 4. TDM scenario impacts on energy in the morning peak period.

Scenario Strategy
Fuel Consumption (Liter)

Gas Gas Oil

Base – 1,358,273 134,045
TDM1 Teleworking + E-learning 964,742 102,168
TDM2 TDM1 + Relaxed CP 1,124,043 104,659
TDM3 TDM1 + Peak-shifting 940,816 101,564
TDM4 TDM2 + TDM3 1,088,232 103,705

The percentage of reduction of fuel consumption for each scenario is shown in Figure 5.
As expected, scenarios that result in higher average speed and lower VKT reduced fuel
consumption (TDM1 and TDM3) more. Furthermore, the range of reduction was not
significantly different for each fuel type. In addition to financial savings, reducing fuel
consumption may prevent damage to the ecosystem and health.
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5. Discussion

Based on the scenarios that changed traffic, emission, and energy conditions, TDM3
appeared to perform best, followed by TDM1 and the other remaining scenarios. Even
though the percentage of positive impacts varied for each measure, the order was the
same due to the interdependence of traffic and emission variables. It was also critical to
understand why one scenario performed better and whether improving traffic and emission
conditions sufficed to implement improvement during the pandemic.

Teleworking and e-learning were implemented by changing the OD matrices directly
for specific trip purposes. That resulted in a particular base improvement in traffic condi-
tions, as shown by TDM1, and would also have been the case in the other scenarios. The
interaction of these policies, together with rescheduling working hours, increased benefits
for the traffic by excluding more trips from the morning peak period (TDM3). Regardless
of these policies, however, relaxing the CP scheme negatively impacted traffic conditions
as it encouraged some users to switch from public transportation to private cars, which
were safer during the pandemic. In this way, relaxing CP decreased the positive effects of
the other policies.

It should be noted that the effects of transportation demand management strategies
during pandemics may differ from those during normal times [50]. In most cases, the
emphasis was on managing private vehicles with strategies aimed at reducing that mode’s
use, particularly single-occupancy vehicles. However, during pandemics like COVID-19,
the goal was not only to manage travel demand but also to reduce the risk of COVID-19
exposure on public transport. Due to the nature of the virus, being in a crowd, especially in
indoor spaces such as public transport, increased the risk of infection significantly [51,52].
Therefore, relieving the traffic conditions and reducing transportation health consequences
were not the only target of the TDM strategies. To increase public health, authorities had to
pay attention to virus transmission in transportation systems.

Figure 6 summarizes the findings of this study. The TDM scenarios, including their
mixed strategies, are depicted on the x-axis, and on the y-axis are the improvement in traffic
and emission measures for the simulations. As previously stated, changing CP schemes
significantly increased the risk of spreading COVID-19, whereas shifting to private vehicles
and managing public transport crowding reduced its transition and improved public health.
As a result, decision-maker priorities directly influenced their strategy selection. Based on
Figure 6, if traffic and emission measures are the primary criteria to improve, the mixed
scenarios of teleworking, e-learning, and rescheduling working hours indicate an optimal
scenario, while taking the pandemic crisis into account would change the story. CP imposes
the usual time/cost constraints in this case, implying that more users will use the public
transport system and face spreading COVID-19. Changing the CP scheme, on the other
hand, reduces the risk of infection while also reducing the positive traffic impacts, as shown
by moving from the left to the right side of the figure.

Decision-makers can use the impact of each scenario on traffic, emissions, and energy,
as well as the number of COVID-19 patients, to identify the appropriate actions. While it
is important to balance the tradeoffs between different performance measures in normal
condition, it becomes vital under emergency conditions like a global pandemic. The
fact that transit agencies are struggling to survive across the world, make the changes
vital to resume the goal of sustainable transportation. This is also true about disruptive
technologies such as autonomous vehicles that may increase driving mode shares and
deteriorates several performance measures such as delay and travel time. TDM strategies
discussed here and the suggested tradeoff mechanism can help to keep the balance between
different goals under such conditions.
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6. Conclusions

COVID-19 has had an unprecedented impact on transportation systems in various
ways. Some changes are expected to last long after the pandemic is over. While early in the
pandemic, travel activities were reduced due to lockdown orders, later, after the reopening
phases, traffic congestion resurfaced again. Cities with congestion and air pollution issues
are now facing a new challenge. People tend to rely more on private vehicles and avoid
exposure to the virus on public transport. This new travel pattern could negatively affect
climate change goals and further exacerbate traffic congestion and public health [22].

A framework was developed to evaluate relevant travel demand strategies for various
metrics such as traffic, emissions, and energy impacts. The findings highlight the impor-
tance of considering the tradeoffs between different performance measures when selecting
a suitable set of TDM strategies. The strategies may not be additive for the goals decision-
makers have set for their plans. While teleworking, e-learning, and rescheduling working
hours helped to reduce traffic congestion, the pricing strategy contributed significantly
to meeting environmental and health goals. The findings also highlighted the nonlinear
pattern of change associated with each TDM strategy.

The study also has limitations. For starters, our analysis only covers one case study.
People did behave differently in other parts of the world. For instance, people’s reaction
to COVID was poles apart in developed versus developing countries. Our goal was to
provide a framework and apply that to a developing country which was less studied in the
existing literature. EMME/2 has only been organized to evaluate transportation projects
during morning peak hours. For example, policies like rescheduling working hours aim to
shift some trips from peak to off-peak periods. As a result, the effect of shifted demand
on off-peak hours should be studied outside the model. Secondly, in modeling the TDM
strategies for this study, simplifying assumptions were made. Teleworking, for example,
necessitates specialized infrastructure that may not be readily available in some developing
countries. Consequently, a rough estimate of 20% teleworking should be regarded as an
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optimistic scenario. Another extension of this study would involve the use of other data
sources to control the change in demand in response to policies. Using public transport
usage data, for example, would help to improve the accuracy of any modal shift during
the pandemic.
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