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Abstract. The freight transportation sector faces increasing pressure to optimize modal shifts
amidst evolving environmental regulations and economic constraints. This study critically assesses
traditional modal split models, employing advanced statistical techniques and a dataset spanning
multiple countries to evaluate their predictive capabilities. Key findings reveal significant
discrepancies between established models and actual freight behavior in contemporary contexts,
particularly post-pandemic. The paper proposes a refined framework that integrates socio-economic
variables and sustainability metrics, offering a more effective paradigm for predicting modal shifts.
By challenging entrenched assumptions, the study provides actionable insights for policymakers
and industry stakeholders aiming for enhanced logistical efficiency and environmental compliance.
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Introduction

The rapid evolution of global trade dynamics has triggered complex challenges in the
freight transportation sector, necessitating a paradigm shift in how modal shifts are
understood and implemented. As economies grapple with the implications of climate
change and regulatory mandates, the optimization of freight modal split has emerged as a



critical area of concern for sustainability and economic viability. Current models,
predominantly based on historical data and linear assumptions, often fail to capture the
multifaceted nature of modern freight movements, which are influenced by a myriad of
factors including urbanization, technological advancements, and shifting consumer
behaviors. In recent years, the advent of digitalization and the aftereffects of the COVID-19
pandemic have further complicated traditional transportation frameworks. As firms adapt to
unpredictable supply chain disruptions and a growing emphasis on environmental
stewardship, there is an urgent need to re-evaluate established modal split methodologies.
The conventional reliance on deterministic models risks oversimplifying the interplay
between economic activities and modal choices, consequently leading to suboptimal policy
decisions. This paper aims to critically re-examine the established modal split models and
propose a more nuanced approach that accommodates recent developments in freight
transportation. Through a rigorous analysis of cross-sectional and longitudinal data, we will
highlight the limitations of traditional frameworks while introducing new variables that
have emerged in contemporary logistics. The study will not only discuss the theoretical
implications of our findings but also provide practical guidance for industry stakeholders
seeking to enhance freight efficiency while reducing carbon footprints. The subsequent
sections of this paper will be structured as follows: Section 2 will elaborate on the existing
literature surrounding modal shifts, Section 3 will outline the methodological approach
employed in this study, Section 4 will present the empirical findings, and Section 5 will
conclude with implications for future research and practice in freight transportation.
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