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ABSTRACT
Eco-routing offers a promising approach to reducing carbon emissions.
However,most routing systems theoretically overlook thepotential conflict
between emission reduction and traffic efficiency, leading to either ‘eco-
friendly but slow’ or ‘fast but eco-unfriendly’ outcomes; In practice, existing
systems generally rely on real-time or historical data, potentially causing
‘navigation-induced emission/congestion’ as many vehicles are directed
toward temporarily ‘good route’. To address this, this paper introduces a
multi-agent Markov decision process (MMDP) for dynamically optimising
system-wide route guidance (RG) strategies. The framework models both
eco-RG and delay-RG for urban expressway systems and reduces conges-
tion by providing differentiated RG information. A case study demonstrates
that the proposed model effectively balances traffic flow, improves effi-
ciency, and reduces emissions. The eco-RG strategy achieves the great-
est emission reductions while maintaining efficiency. Notably, the study
reveals a trade-off between eco-RG and delay-RG and compares the pro-
posed method with app-based RG systems, offering insights for eco-
friendly navigation.
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1. Introduction

Transportation carbon emissions, which constitute a substantial share of global emissions and are
experiencing rapid growth, are a major contributor to carbon emissions in human society (Interna-
tional Energy Agency 2023). Transportation accounts for over 20% of global energy-related carbon
dioxide (CO2) emissions (Creutzig et al. 2025). The continuous rise in themotor vehicle population has
made road transportation the dominant source of CO2 emissions in the transportation sector for an
extended period (Ferrer and Thomé 2023; Xia et al. 2023). As a result, reducing carbon emissions from
road transportation is essential for achieving sustainable, high-quality development goals.

Emissions and fuel efficiency are collectively influenced by factors such as traffic congestion
(Choudhary and Gokhale 2016), speed fluctuations, and driver behaviour (Mohammadnazar, Khat-
tak, and Khattak 2024). Previous research on road transportation emissions analysis has demonstrated
that route selection significantly affects vehicle fuel consumption and emissions (Jiang, Guo, and Zhao
2025; Maden, Eglese, and Black 2010). Given the high variability of traffic conditions and emissions in
urban areas (Xu et al. 2023), there is a strong need for dynamic route selection focused on emission
reduction, which can be achieved through dynamic route guidance (RG). RG systems provide drivers
with up-to-the-minute traffic updates and optimised driving routes through information systems (e.g.
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