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The COVID-19 pandemic has significantly disrupted public transportation (PT) systems,
highlighting the need for a comprehensive approach to assess its impact. This research introduces
the concept of 'vitality' to capture changes in station activity during the pandemic, incorporating
factors such as commercial activity, major events, and passenger ridership. The study focuses on
major Japanese railway stations, using Mobile Spatial Statistics (MSS) data to analyze these
changes.

This research has two main objectives. Firstly, it aims to understand the patterns of changes in
station vitality and the influencing factors during a pandemic. By employing clustering analysis
and multinomial regression models, the study identifies key factors such as demographic shifts,
travel behavior, and economic conditions that impact station vitality. Secondly, the research seeks
to forecast long-term demand and balance service quality with operational constraints. ARIMAX
and LSTM models are evaluated for their effectiveness in predicting post-pandemic demand trends,
providing insights for PT operators to optimize service frequencies and resource allocation.

The findings reveal that the number of lines serving a station and the ratio of local population
using the station have a significant impact on demand loss. The advanced forecasting models
demonstrate fairly high accuracy in predicting future demand patterns if there is sufficient amount
of training period data, helping PT operators develop resilient service plans. This research hence
offers some practical solutions to enhance the resilience and sustainability of PT systems during
and after pandemics, contributing to the existing body of knowledge by providing a detailed
analysis of station vitality.

The thesis is organized as follows.

Chapter 1 Introduction

Chapter 1 describes the background and motivation for this research, emphasizing the critical
need to address the impact of COVID-19 on PT systems. It reviews the challenges faced by major
railway stations during the pandemic and outlines the primary objectives and contributions of the
thesis. The chapter sets the stage for a comprehensive analysis by introducing the concept of
'vitality' and its relevance in understanding station activity.

Chapter 2 Literature review

Chapter 2 provides an extensive review of existing literature on the global and regional impacts
of COVID-19 on public transportation. It discusses various data sources such as MSS, smart card
data, and mobile phone data used to quantify these impacts. The chapter also highlights significant
gaps in current research, particularly the need for a detailed understanding of station vitality and
long-term demand forecasting.

Chapter 3 Urban resilience framework

In Chapter 3, a novel analytical framework based on the 4R theory (Robustness, Redundancy,
Resourcefulness, Rapidity) is introduced to evaluate PT operator responses to the pandemic. The
framework considers multiple dimensions, including institutional, physical, social, economic, and
environmental factors, providing a structured approach to resilience. This chapter lays the
foundation for subsequent data analyses and forecasts.
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Chapter 4 Station clustering and demand analysis

Chapter 4 details the methodology for clustering major railway stations based on changes in
vitality using MSS data. It identifies five distinct clusters with varying levels of impact and explores
the factors influencing these changes, such as demographic shifts, travel behavior, and geographic
factors. The chapter provides a comprehensive analysis of short- and medium-term changes in
station vitality, helping to identify key predictors of recovery.

Chapter 5 Impact of land-use and other factors

This chapter conducts a multinomial regression analysis to examine the influence of land-use
factors, POI density, and other variables on station vitality. It delves into how different land-use
types and the presence of various POIs affect station dynamics. The results indicate significant
impacts from the number of service lines, the local population ratio, and other factors on demand
loss and recovery, providing actionable insights for PT operators.

Chapter 6 Long-term forecasting

Chapter 6 evaluates the effectiveness of ARIMAX (Autoregressive Integrated Moving Average
with Exogenous variables) and LSTM (Long Short-Term Memory) models for long-term demand
forecasting. The analysis highlights the input data needed in order to obtain high accuracy of these
models in predicting post-pandemic demand trends and optimizing service frequencies. The
chapter also discusses the integration of external variables such as COVID-19 cases and policy
measures into the forecasting models.

Chapter 7 Service-level reduction trade-offs

In Chapter 7, a theoretical model is developed to balance service quality and operational
constraints during the pandemic. The chapter discusses the trade-offs between maintaining high
service quality to stabilize demand and reducing operational costs to ensure financial sustainability.
The model partially uses results of Chapter 6 to obtain demand recovery speed estimates. The
results illustrate that the approach can be used to derive recommendations for PT operators to make
informed decisions that ensure both cost efficiency and demand retention during and after crises.

Chapter 8 Conclusions

The final chapter summarizes the key findings and contributions of this research. It emphasizes
the importance of station vitality in understanding PT resilience and provides recommendations
for enhancing service planning and management during and after pandemics. The chapter also
outlines future research directions, building on the findings of this study to further enhance the
resilience and sustainability of public transportation systems.
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