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Urban Transport Landscape

• Metro Systems: Backbone of Urban Mass Transit

• Modernisation and Expansion (NYC: $40b, SG: $44b): Fallacy of Increased Reliability

➢ Disruptions still persevere
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New York City

Population: 8.5M (2016)

Daily Ridership: 5.6M (2016)

Singapore

Population: 5.6M (2016)

Daily Ridership: 3.1M (2016)



Urban Mass Transit Disruptions

Irrespective of their age and condition, and despite infrastructure improvements, mass transit systems 

have recorded severe system-wide disruptions with hundreds of thousands of affected passengers.
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A Resilience Perspective to Handling Disruptions

“The ability to prepare and plan for, absorb, recover 

from, and more successfully adapt to adverse events” 

(United States National Research Council, 2012)

➢ Aim: Augment the Draw-down-Draw-up Cycle 

through resourceful use of available transit system 

infrastructure and rolling stock
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Key Research Questions
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UNDERSTAND DESIGNASSESS

How do passengers     

(re-)distribute in a transit 

system?

How do different 

disruption scenarios affect 

passenger flows?

What are the possible 

measures to improve 

system resilience?

1 2 3



Agenda

UNDERSTAND

• Origin-Destination Estimation and Transit System Simulation

ASSESS

• Predicting the Effects of a Real-World Disruption Scenario 

DESIGN

• Testing an Alternative Rescheduling Measure
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UNDERSTAND

Origin-Destination Estimation
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Context
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Purpose

Determine the travel demand 

rates between the stations of a 

transit network

Approach

Infer OD-demand from time series 

measurements of in- and outflow 

counts

Intended Result

OD-matrix estimate consisting of 

the normalized travel demand 

rates

t

Origin-Destination (OD)-Estimation: Why? How? What?



Inference-Based Origin-Destination Estimation

Estimating Model Parameters from Observations

• Key requirement                                                                                                              

Account for estimation uncertainty

• Transit network specificities

− Large number of stations: High-dimensional OD-estimation problem

− Fewer observations than unknowns: Underdetermined problem
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Variability

Measurement error Modelling assumptions

Parameter distribution estimate 
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Testing the Inverse Problem

• Test network: 𝑆 = 15 (210 OD-coefficients), 𝑁 = 30

• MCMC sampling estimates of OD-coefficient posterior distributions

− Confidence interval

− Expectation estimate

Markov-Chain Monte Carlo Sampling (MCMC)
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Real-World OD-Estimation

Applying the MCMC sampling approach to the NYC subway

• 471 stations: 221,370 OD-coefficients

• Publicly available turnstile counts: 𝑁 = 1315 observations of passenger in- and outflows

➢ OD-coefficient posterior means and absolute average OD-demand estimates
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Morning peak (8 AM to 9 AM)

a Origin Destination

Avg. OD-demand

Inbound demand (mean 
predicted exit counts)



UNDERSTAND

Transit System Simulation
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Context
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Purpose

Estimate how passengers and 

operations are affected during 

major disruptions.

Approach

Capture disaggregate passenger 

demand and bi-directional supply-

demand interaction.

Intended Result

Predict passenger travel journeys, 

crowding, congestion, and 

disruption/rescheduling effects.

x

Capturing Transit System Operations



Simulation Components

Agent-Based Modelling

Passenger Agents: Individual entities that can 

each make their own (re-)routing decisions
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Route Finding and Selection

Re-Routing



Simulation Components
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Network and System Controller Model

Capturing Transit System Operations

Train services operate according to a planned timetable

Interfered by (knock-on) delays even without disruptions (e.g., peak demand, track conflicts)

Disruption generator triggers user-specified disruptions: Track blockages, Station Closures

System controller emulates central dispatch and control unit:

− Broadcast passenger announcements (incl. timetable adjustments)

− Invoke rescheduling measures (e.g., cancelling trains, re-timing, short-turning)

Processes (incl. passenger movement) are embedded into a Discrete-Event Simulation
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Passenger Agent Model: Itinerary-Based Assignment

Process flow
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ASSESS

Predicting the Effects of a Real-World Scenario
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Testing the Simulation

All models are wrong but some are useful – George Box (1976)

• How wrong? How useful?

• Test case: NYC Subway Network
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Passenger demand data

• Average weekday demand in May 2016 

• OD-coefficient estimates (morning, midday, evening)



Simulation Validation – Undisrupted conditions

Exit counts
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Predicted link flow levels 

Northbound SouthboundObservation Prediction



The Starting Point

Nominal conditions: Hourly link flow levels (8:30 to 9:30 AM)

22.12.2023Reliability and Risk Engineering Laboratory 33

Northbound

Disruption scenario

Power outage and 

signalling fault at 

DeKalb Ave 

on May 9th, 2017

Reference: https://twitter.com/NYCTSubway

https://twitter.com/NYCTSubway


Dynamic Prediction Results

Disruption Simulation

Based on 1-year ahead 

passenger demand data and 

real-world track blockage 

scenario at DeKalb Ave station
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Train occupancy

empty               full

Station platform occupancy 

(w.r.t nominal condition)

-15x                         15x



Simulation Validation

Testing the Limits – Comparing Relative Changes w.r.t. Nominal Conditions
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Observed Simulated Observed Simulated

Entry count changes Exit count changes



Simulation Prediction

Platform Occupancy, Nevins Street Station
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DESIGN

Testing an Alternative Rescheduling Measure
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Testing an Alternative Rescheduling Measure

What if trains had been short-turned close to DeKalb Ave station?
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Nominal, Standard timetable Disrupted, Short-turning enabledDisrupted, Standard timetable

Hourly link flow levels 

between 8:30 and 9:30 AM
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What if trains had been short-turned close to DeKalb Ave station?

Testing an Alternative Rescheduling Measure
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Time-dependent link flow differences 
(Rolling window hourly link flow difference w.r.t. nominal condition)
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Conclusion
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Take-Aways
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1

2

3

UNDERSTAND

ASSESS

DESIGN

• Developed agent-based transit system simulation model capable modelling the dynamic 

redistribution of passengers during disruptions

• Validated simulation predictions against a real-world disruption scenario

• Tested how rescheduling measures affect the system-wide/local resilience draw-down and 

draw-up cycle

Demand-Responsive Disruption Management in Mass Transit Systems
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