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Executive summary 
COVID-19 has affected transit ridership worldwide, with many or all transit services such as subways, light rail, and city 

buses experiencing steep declines in use. Until a vaccine is widely available, transit authorities will need to adapt their 

transit services so they can move people efficiently while respecting the need for adequate physical distance between 

individuals. Thus, transit authorities will need to plan for passenger flows and capacities that allow for adequate physical 

distance, optimise the efficient use of transit infrastructure, and adapt quickly as circumstances change.  

Dynamic Pedestrian Simulation offers a powerful, low-cost means of modelling pedestrian movement into, out of, and 

within stations, transit cars, and buses. It incorporates realistic characteristics of pedestrian behaviours such as fatigue to 

produce precise, reliable models that can be used to guide transit decisions. Simulation results can be output both as 

data tables and as easy-to-understand visuals such as heat maps and bar graphs that support nimble transit planning. 

Modellers can choose between microscopic and mesoscopic models to suit the scale of the problem. Dynamic 

Pedestrian Simulation offers a means of planning and designing public transit that accounts for the new and quickly 

changing circumstances of COVID-19, enabling transit authorities to optimise their routes, stations, and schedules while 

maintaining the greatest possible ridership and revenue. 
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1. Introduction 
After the World Health Organization declared the COVID-19 pandemic on March 11, 2020, demand for public 

transit dropped precipitously in late March 2020, by an average of 76 percent for 106 cities in 11 countries. The 

average drop was 70 percent in the United States and 83 percent in Canada (CBC 2020). Since then, ridership 

has stayed low, in many jurisdictions up to 70 or 80 percent less than normal, as governments have asked or 

told citizens to stay home, many businesses and services have remained closed, and travellers and transit 

authorities continue to respect physical distancing requirements out of fear or obligation (Transit 2020).  

The steep drop in usage due to COVID-19 poses grave problems for transit authorities. Although public transit is 

vital for cities, transit authorities are struggling to keep transit financially sustainable given the drastic drop in 

revenue for the foreseeable future. Therefore, until a vaccine becomes widely available, transit authorities must 

find ways to maximise ridership and corresponding revenue while mitigating COVID-19 risk factors and 

upholding commuter health. Additionally, the effects of COVID-19 on transit ridership will likely outlast the 

pandemic itself and extend beyond the date of a vaccine.  

In this paper, we present examples of the declines in ridership, discuss the implications of declines for transit 

authorities, and present numerical modelling solutions that are available to assist transit authorities and related 

enterprises as they plan for and design sustainable, effective public transit during and after the COVID-19 

pandemic.  

2. Declines in transit ridership around the world 
Declines in public transit ridership follow much the same pattern around the world, with steep declines starting 

on March 12, 2020, and with a continuation of greatly reduced ridership after that. The following sections 

illustrate these patterns in various jurisdictions based on data provided by the web-based transit usage and trip 

planning applications Transit (transitapp.com) and Moovit (moovitapp.com). Each of these applications 

aggregates transit search data from transit users and thus obtains information about ridership rates. 

2.1 Global declines 
On May 24, 2020, two and a half months after the World Health Organization had proclaimed the pandemic, 

declines relative to the same date one year earlier ranged from 57 percent to 83 percent for selected cities in 

North America, South America, Australia, and Asia (Figure 1), as governments asked or ordered many citizens to 

stay home and many industries, businesses, and services to remain closed or only partially open. Also, on May 

24, 2020, the decline in ridership averaged 69 percent for the remaining 98 cities that Moovit assesses (Moovit 

2020) (Figure 1). Data from ridership in France, the United States, London, and Canada showed similar declines 

(Transit 2020) (Figure 2). In Figure 2, the trend for “All Cities” represents an average for the other 95 cities that 

the Transit app (Transit 2020) lists. 

 



Dynamic pedestrian simulation White paper 

 

 

 September 14, 2020 Page | 5 

Figure 1  Decline in demand for public transit in selected cities in North America,  
South America, Australia, and Asia compared to one year earlier (Moovit 2020) 

 
 

Figure 2  Decline in demand for public transit in France, London (UK), the United States, and  
Canada compared to one year earlier (Transit 2020) 
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2.2 North America declines 
Trends were similar across North America, where several jurisdictions saw a steep decline in ridership starting 

on or about March 11, 2020, a decline that continued at least into May 2020 (Transit 2020) (Figure 3). New York 

and Seattle (United States), and Toronto, Montreal, and Vancouver (Canada) experienced declines of 72 to 86 

percent on April 22, 2020, relative to the same date one year earlier. In Figure 3, “All Cities” represents data from 

62 other North American cities in Transit’s list (Transit 2020). 

 

Figure 3  Decline in demand for public transit in Canadian and American Cities compared to one year earlier 
(Transit 2020) 

 

Comparing transit usage on a particular day of the week during COVID-19 with normal transit usage on the same 

day of the week tells a similar story of greatly reduced usage during the COVID-19 pandemic. For example, in 

Canada, aggregate Monday ridership for all transit systems was approximately 20 percent of normal on May 11 

and May 18, 2020 (Transit 2020) (Figure 4). 
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Figure 4  Demand for public transit in Canada in May 2020 compared to normal demand (Transit 2020) 

2.3 Regional variations 
An additional layer of complexity for transit planning during COVID-19 is that transit usage may exhibit regional 

variations within a country. Taking Canada as an example, cities in the provinces of Quebec and Ontario 

generally saw the greatest declines in usage, while cities in the province of British Columbia saw smaller 

declines (Transit 2020). This result is based on aggregated ridership numbers from 50 transit agencies in 31 

metropolitan areas across Canada, covering buses, subways, and commuter rail. 

3. Implications for transit planners 
The precipitous drop in usage due to COVID-19 does not bode well for transit authorities or for those who rely on 

public transit. Although public transit is vital for many cities, unless expertly managed, it could become 

financially unsustainable for the foreseeable future due to the drastic drop in revenue and the requirement for 

costly safety measures such as cleaning stations and cars and directing the flow of pedestrian traffic (TransLink 

2020).  

Therefore, until a vaccine becomes widely available, and likely for some time thereafter, transit authorities must 

plan for and achieve flows that will allow physical distancing, thus increasing public confidence and ridership 

and helping transit authorities stay financially sustainable. To achieve and maintain the required physical 

distancing, they must optimise efficient use of transit infrastructure, and they must do so nimbly, adapting 

quickly and expertly to changes in ridership, new or changing government requirements, or changes in public 

attitudes.  

Simply put, transit authorities must respond to the new situation (the pandemic and decreased ridership) by 

mitigating corresponding health risks while optimising the use of assets such as stations, trains, and buses. If 

transit authorities can achieve this, they can hope to regain the trust of the people, who will gradually increase 

their use of transit.  
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3.1 Implications for long-term strategic planning 
As people turn away from public transit, they commonly turn towards walking, cycling, or driving. These changes 

in habit tend to disrupt established trends, creating uncertainty with respect to cities’ long-term strategic plans. 

The following example is from the City of Vancouver in the province of British Columbia, Canada.  

Transportation 2040, the long-term strategic transportation plan for the City of Vancouver, includes a target for 

the motor vehicle (individual car) share of all trips in the city to drop to one-half by 2020 and to one-third by 2040 

(City of Vancouver 2012) (Figure 5). However, because of COVID-19, the preference of many people will likely be 

to use their own cars rather than public transit, and the City of Vancouver may see the mode share revert back to 

2008 levels, when fully 60 percent of all trips were made by car. By the time restrictions ease and more 

businesses restart, a higher volume of traffic will likely be present on roads and streets, increasing the demand 

for parking and driveable roads. 

 

Figure 5  Mode share targets for Vancouver, Canada (City of Vancouver 2012) 

 

3.2 Summary of implications for transit authorities 
In summary, to continue operating during and after the COVID-19 pandemic, transit authorities need to: 

• Plan passenger flows and capacities that will allow physical distancing, thus increasing public confidence 
and ridership, which will in turn help transit authorities stay financially sustainable 

• Optimise efficient use of transit infrastructure such as stations, trains, and buses while respecting 
physical distancing requirements 

• Adapt quickly and expertly to new circumstances such as increases or decreases in ridership, new or 
changing government requirements (including changing requirements for physical distancing), or 
changes in public attitudes about using transit.  



Dynamic pedestrian simulation White paper 

 

 

 September 14, 2020 Page | 9 

4. Specific transit challenges and goals  
Following from the implications listed above, in this section we will look more closely at the specific factors that 

transit operators must consider in transit planning.  

4.1 Maintaining physical distance between pedestrians 
The need to allow for physical distance between individuals will have repercussions on many aspects of daily 

trips using public transit. The many aspects that must be analysed can be loosely grouped into two categories:  

• The management of passenger flows through confined places such as subway stations, which in turn 
requires an assessment of the station’s holding capacity 

• The occupancy of subway cars and buses, which will be reduced in compliance with distancing rules.  

Addressing the need for physical distance while increasing transit usage and controlling costs will require a 
system-wide approach that takes into account station holding capacity, train and bus occupancy, and rates of 
passenger flow. This system-wide approach will help transit authorities avoid such problems as long queues 
and waiting times or overcrowded stations or train cars. 

Any system-wide analysis of pedestrian movement (solution) will need to consider the following factors: 

• Maintaining physical distance between people, as some public transit agencies have started to do  

• Guiding pedestrian flow paths by ground marking or physical barriers 

• Changing behavior during boarding and disembarking 

• Creating new intermediate waiting/queueing areas 

• Changing the layout of stations 

• Switching off every other ticket control machine or electronic gate to maintain required physical distance 
between users 

• Installing devices for managing flow and queues 

• Implementing unidirectional corridors and avoiding flow crossing as much as possible 

• Allowing for shorter times between the arrival of trains at the station  

• Decreasing the capacity of trains and buses 

• Closing some stations to speed up trains and eliminate demand by short-distance commuters 

• Creating a mobile application for seat reservation to manage to number of commuters in public transit.  

4.2 Assessing related effects on other modes of transport 
As pedestrian flows into and out of transit stations change, changes will also occur in interactions between 

pedestrian flow and other modes of transport, including micro-mobility options (bicycles, electric bicycles, 

scooters, and electric mopeds), cars, and buses. To account for changes in these interactions, city planners will 

need to analyse pedestrian and non-pedestrian traffic on nearby streets and sidewalks.  

Additionally, experts say it is crucial to encourage walking and cycling because physical distancing is impossible 

on crowded public transport. This realisation has led some cities to eliminate car traffic on streets, instead 

making the streets available only to buses, pedestrians, and cyclists (Taylor 2020) (Figure 6). Other cities have 

allowed cars to remain but have created new bike lanes (Buckner 2020) (Figure 7). 
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Figure 6  Several main streets in London, UK, will be limited to buses, pedestrians, and cyclists  
(Taylor 2020)  

 

 

Figure 7  Dedicated bike lanes designated in response to COVID-19 in Vancouver, Canada (Buckner 2020) 
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For any assessment of pedestrian, bike, and car traffic at the street level, typical questions will be:  

• How will maintaining pedestrians’ physical distance affect the flow of pedestrians, micro-mobility options, 
and car traffic? 

• How can one-way pedestrian traffic be implemented? 

• Will additional micro-mobility options and wider sidewalks cause congestion on the streets?  

• Will new storage facilities be needed for bikes, scooters, and mopeds? 

• Will there be an increased demand for parking or increased Park and Ride facilities? 

To implement physical distancing in public transit while meeting demand, more frequent service will be needed 

to create more supply. Buses will need dedicated lanes to serve riders better and more safely.  

Finally, COVID-19-related changes in transit and traffic patterns will cause regional transportation and traffic 

problems such as new bottlenecks. Thus, it will be necessary to set priorities regarding new infrastructure 

projects. 

5. Dynamic pedestrian simulation 
Dynamic Pedestrian Simulation is a low-cost, versatile, scalable tool for evaluating and predicting pedestrian 

behaviour and analysing the corresponding pedestrian flow related to public transit. Using Dynamic Pedestrian 

Simulation, modellers can analyse the impact of decisions and problems related to passenger flow and help 

decision makers evaluate the corresponding policies. This type of simulation can be used to check that 

passengers in line will be safely spaced under various pedestrian traffic flows and other related variables.  

Dynamic Pedestrian Simulation also offers enormous benefits to staff who are responsible for transit 

regulations and health and security issues, because it is possible to configure the model so that staff who have 

no prior knowledge of simulation can evaluate their decisions and various pedestrian scenarios. The model 

outputs include graphics showing pedestrians in stations and other environments (Hassannayebi et al. 2019) 

(Figure 8); these graphics make it easy to see how situations change as variables such as train frequency or 

pedestrian flow change. 

 

 

Figure 8  Dynamic pedestrian simulation of a transit station can help to evaluate the effect of policies 
including physical distancing (Hassannayebi et al. 2019) 
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5.1 Choosing the correct scale for modelling 
A growing body of research exists for assessing the performance of public areas. These assessments typically 

use standard approaches, namely microscopic and mesoscopic methods.  

• Microscopic simulation mimics the real world by creating individual objects (e.g., elevators, cars, 
obstacles) and agents (pedestrians). The agents’ behaviour will depend on individual characteristics such 
as agent speed and age, destination, density of crowd, and others.  

• Mesoscopic simulation is less detailed and works based on the queue/server approach. Mesoscopic 
simulations are useful when the large number of agents renders microscopic models too slow to be 
useful for practical analysis, for example when modelling how to avoid security conflicts between rugby 
fans in a stadium. 

A third method, the macroscopic method, is falling out of use. This quantitative analytical mathematics-based 

method was popular when simulation software and computation speeds were not as developed as they are 

today. It was used to evaluate scenarios based on analytical comparison with similar mathematical or even 

physical models.  

Typical simulation models for Dynamic Pedestrian Simulation studies are microscopic agent-based models that 

make it possible to assign characteristics to each autonomous agent (person) and to have the agents interact 

with each other. All corresponding attributes and behaviour of agents are updated in every simulation step. Since 

conducting simulation models of crowds with huge numbers of agents requires abundant computational power 

and time, researchers have recently introduced hybrid modelling, which integrates microscopic, agent-based 

simulation with mesoscopic, discrete event simulation.  

5.2 Path planning and obstacles analysis 
Path planning is an aspect of Dynamic Pedestrian Simulation modelling that provides the replicated agents a lot 

of routing flexibility, including computation of the shortest path through a corridor, which represents the desire 

of most of commuters or can be used in modelling a crisis. To increase the simulation’s capacity and accurately 

represent a real-world situation, the corridor in the model is enhanced with a collision avoidance mechanism 

between agents. Typically, the avoidance mechanism is visualisation, which the agents use to identify which 

obstacles they must avoid. The visualisation can be modelled as a cone-shaped field of view. The collision 

avoidance algorithm allows each agent to select a speed that is close to its preferred pace, but at which it avoids 

colliding with other agents. Similarly, the agents can be congested by solid obstructions such as pillars or 

signage. 

5.3 Model inputs and assumptions 
The designed simulation model takes into various realistic influencers of pedestrian behaviour, such as fatigue 

factor, pre-evacuation period (i.e., agents’ hesitancy to disembark the train), selection of least-effort exit route, 

agent-to-agent interactions, and agent-to-environment interactions.  

Typical inputs for Dynamic Pedestrian Simulation models are as follows:   

• The layout of the facilities  

• Service times 

• The location of stairs and their physical attributes (width, height, direction, number of stairs, and number 
of flights of stairs)  

• The position of all barriers to movement (size and location) 

• The number, capacity, and speed of escalators and elevators 
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• Passenger demand data, including the maximum number of anticipated passengers coming to the 
station during a regular day and during specific events, e.g., religious celebration days, concerts, or 
sporting events 

• Passenger (agent) data, including agents’ characteristics, e.g., their minimum and maximum possible 
speed, radius of body, route selection criteria, and obstacles in their path 

• Configuration of trains, including number of train cars, capacity, and mean time between the arrival of 
trains at the station 

• Behavior customised for differences in age and sex when responding to disruptions or crises, such as 
differences in pedestrian speed, response time, and fatigue rate.  

5.4 Output and results 
Several types of output are available for Dynamic Pedestrian Simulation models, including animations, 

heatmaps, and bar graphs. One important type of output type is 2-dimensional or 3-dimensional animation, 

which can be used to validate the model against real-world data. A screen shot from a 2-dimensional animation 

is shown in Figure 8. Animation is also useful as a tool for visualising interactions between agents (people) and 

their environment (e.g., a train, bus, station, or obstacle) and for seeing the results of transit decisions.  

Colourful heatmaps are a second type of output (Figure 9). A heatmap uses gradations in colour to show where 

congestion will occur and is a convenient way of showing how implementing a policy will affect congestion 

accordingly. A heatmap such as that in Figure 9 allows a transit analyst to quickly understand where the 

problems are in a transit station. 

 

Figure 9  Heatmap showing predicted areas of congestion, with red representing highly congested areas 
(Hassannayebi et al. 2019) 
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A variety of other reports are available from Dynamic Pedestrian Simulation, including bar graphs of travel time, 

waiting times, queue length, distance travelled, and other results (Hassannayebi et al. 2019). Two examples 

related to simulation of an emergency evacuation are presented in Figures 10 and 11. Figure 10 shows the total 

predicted travel time for individuals from the moment the emergency alarm sounds until the individuals exit the 

station or reach a safe zone, with the highest number of individuals (240) taking 3.5 minutes and all individuals 

taking 11.5 minutes or less. Figure 11 shows the disruption in individuals’ latency during an emergency exit; this 

is a measure of how long individuals take to start moving towards an exit once an emergency has been 

announced. 

Figure 10  Travel time of individual agents through a transit station in an emergency evacuation 
(Hassannayebi et al. 2019) 
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Figure 11  Disruption of passengers’ latency during an emergency evacuation  
(Hassannayebi et al. 2019) 

 

5.5 Assessment of pedestrian-related effects on other modes of 
transport 
It is possible to expand the simulation capacity of Dynamic Pedestrian Simulation to analyse pedestrian and 

traffic flows at the sidewalk and street level, that is, to simulate how pedestrian flow interacts with other modes 

of transport including micro-mobility options, cars, and buses. Figure 12 shows an example of the kind of output 

that can be generated by Dynamic Pedestrian Simulation modelling (Aimsun 2020). In Figure 12, each blue dot 

represents an individual agent (person) spaced 2 metres or more from each other person. The green and red 

boxes represent the entrances and exits to the subway station, and the yellow rectangle is a bus station. 

 



Dynamic pedestrian simulation White paper 

 

 

 September 14, 2020 Page | 16 

 

Figure 12  Interaction of pedestrian flow, cars, micro-mobility options, and public transit (Aimsun 2020) 

6. Other applications for dynamic pedestrian 
simulation 
This white paper has focused on Dynamic Pedestrian Simulation as a planning tool for public transit, but this 

type of modelling can be applied to many other sectors and venues, such as the following:  

• Airports 

• Stadiums 

• Concerts 

• Tourist attraction 

• Cruise ships 

• Museums 

• Stores 

• Casinos 

• Cinemas 

• Drive-through facilities. 
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7. Considerations when seeking expertise in 
dynamic pedestrian simulation 
Adapting to the new challenges presented by COVID-19 is essential for the survival of municipal transit 

programs, and Dynamic Pedestrian Simulation is an ideal tool for low-cost evaluation of many types of transit 

scenario.  

Dynamic Pedestrian Simulation is a sophisticated modelling tool. For it to be deployed effectively in assessing 

public transit situations requires an expert modeller with an extensive background in transportation systems. 

Ideally, a person or organisation that offers to assess public transit using Dynamic Pedestrian Simulation should 

have the following characteristics: 

• Experience with industry-standard Dynamic Pedestrian Simulation software  

• Deep expertise in systems modelling and customisation based on real-world data 

• Access to validated and verified research and studies that have been conducted in compliance with 
various international guidelines 

• Expertise in conducting pedestrian flow analysis for public transportation systems 

• Capability in modelling pedestrian flow while considering interactions with vehicles such as cars, public 
transit, motorcycles, and bicycles.  

8. About Ausenco 
Over the past 30 years Ausenco has built hundreds of network logistics simulations for projects around the 

world to help our clients verify throughput, identify bottlenecks, optimize operations, and make better informed 

infrastructure planning decisions. Specific benefits we offer to transit authorities can include optimizing 

pedestrian throughput while complying with social distancing and safety requirements, optimal fleet deployment 

and reducing operating expenses.  

Our experienced team of simulation engineers and analysts possess the deep breadth of skills, experience and 

know how necessary to carry out robust and defendable studies required by transit authorities. We ask the right 

questions and define the right problems. An approach that has led, time and again, to developing ingenious 

solutions that surpass our clients’ needs.  

Our services include data analytics, simulation studies, customized user interface development, simulation 

videos and software licensing. Examples of our simulation projects can be found on our YouTube page . 

For more information on how Ausenco can help, please contact: Soheil.Mardani@ausenco.com  or 

Jason.Smolensky@ausenco.com  

 

 

 

 

https://www.youtube.com/channel/UCSbxBg9MwR1tdEX0o_MA18w/featured
mailto:Soheil.Mardani@ausenco.com
mailto:Jason.Smolensky@ausenco.com
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