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1. Introduction 
a) Motivation

b) Research questions



1.a) Motivation

• Operational on-time ≠ passenger-experienced reliability

• Time of the day

• Peaks (AM/PM) align with lower reliability (& higher variability)

• Station context matters 

• Headways, dwell times, and upstream knock-on effects

• Transfer & multi-track

• Goal: 

• pinpoint when/where delay (variability) is the highest

• to prioritize travel information (TI) & operation management.
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1.b) Research questions

oRQ1: How does demand relate to departure delays?

oRQ2: What is the influence of other context factors?

oRQ3: Where is delay variability the highest?

Outcome: Targetet hotspots (in time & space) for more efficient traveler 
information (& operational actions).
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2. Methodology 
a) Case & data

b) Variables & indicators

c) Model specification(s)



2.a) Case & data

• Corridor: 

• Bålsta Nynäshamn (≈105 km), 29 stations

• Period: 

• Oct–Nov 2015 (weekdays)

• Timetable and traffic data: 

• scheduled vs. actual times, headways, dwell time

• Context: 

• station type (transfer/hub), # of tracks, distances

• Demand 

• “typical-day” station inflow (15-min bins) 
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2.b) Variables & indicators

• Outcome (independent variables)

departure delay; day-to-day variability

• Traffic/timetable

• Headway, scheduled dwell 

• Upstream delay 

• Passengers
• inflow at station (15-min)

• Relative inflow (normalized 0–1)

• Other controls
• Distances, station type, day period
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2.c) Model specification(s)

• Ordinary Least Squares (OLS) regressions are applied:

𝑌𝑠𝑡𝑑 = 𝛼 +෍

𝑘

𝛽𝑘𝑋𝑘𝑠𝑡𝑑 + 𝜖𝑠𝑡𝑑

where 𝑌𝑠𝑡𝑑 is the outcome at station 𝑠, time 𝑡 and direction 𝑑, and 𝑋𝑘𝑠𝑡𝑑
are the explanatory variables, and 𝜖𝑠𝑡𝑑 is the error term.

• Key regressors: 
• Demand (inflow), upstream delay, headway, dwell, distance, period of the day

• Generalized Additive Models (GAMs) were also used for potential 
nonlinear correlations.

• Specification controls: 
• heteroskedasticity checks, skew-reduction transforms
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3. Results
a) Descriptive statistics

b) Empirical results

c) Delay variability (& TI)



3.a) Descriptive statistics
• On-time performance (vs demand)

• quieter mid-day; outliers late evening

• two clear peaks (AM & PM);

• lower OTP when relative inflow is high
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3.a) Descriptive statistics: day-to-day variability

• Day-to-day variability distribution: 

• Lower outside peaks; outliers late evening

• right-skewed with a long tail (from late services)

• Need for nonlinear transformations
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3.b) Results: Departure delay

• Passengers (inflow)

• higher relative inflow → higher departure delay 

• Due to longer dwell times (strongest in AM peak)

• Propagation dominates

• larger upstream delay → higher departure delay at 
current stop

• Other factors

• More tracks and longer scheduled headway and dwell 
times reduces delay

13



3.b) Results: Day-to-day variability

• OTP as a proxy for upstream delay

• Demand

• U-shaped relation

• Low and high inflow →more variability

• Other factors

• Time of the day

• Higher variability on services with longer 
distance and longer headways
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3.c) Delay variability (& TI)

• After a certain threshold of 
demand and/or travelled 
distance

• High delay variability

• Where/when to prioritized TI
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4. Conclusions
a) Highlights

b) Next steps



4.a) Highlights

• Demand amplifies delay, especially with short headways and upstream 
delay

• Day-to-day variability

• Peaks in PM (14–19) and late evening (21–23)

• Grows with travelled distance

• U-shape vs inflow (higher at very low and very high inflow)

• Summary

• if (high inflow ∧ short headway ∧ upstream delay), need for prioritized 
TI & ops management
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4.b) Next step(s)

• Data 

• more lines/periods

• add weather/incidents and 

• More passenger data: Onboard/exits, day-to-day variation.

• Test other passenger punctuality metrics

• e.g., Excess Waiting Time (EWT), travel time reliability buffer

• Methodology: explore other specifications, e.g., instrumental variables. 

• Other possible applications: Headway management (e.g., balancing 
headway regularity vs. dwell extensions)
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Thank you!

Questions?

aurelie.le@entpe.fr

mailto:aurelie.le@entpe.fr


Backup slide: regression results 
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Backup slide: regression results 
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Backup slide: Transformations
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