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Cold-chain distribution routing optimization in
time-dependent road networks considering carbon emissions

CHENG Yuandong, DING Chenyang

College of Economic and Management, Anhui University of Science and Technology, Huainan 232001, China

Abstract; To address the challenges of high transportation costs, elevated spoilage rates, and prominent carbon
emissions in cold-chain logistics, this study develops a fresh-product cold-chain vehicle routing optimization model
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and guide safe construction practices, systematic and high-precision on-site monitoring methods are
implemented. Total station instruments are employed for continuous non-contact measurement of tunnel crown
settlement , surrounding convergence, and surface settlement to precisely capture spatial deformation. Combined
with geophysical radar for early detection of adverse geological formations ahead, automated data acquisition
systems and specialized analysis software enable real-time transmission, processing, visualization, and early
warning analysis of massive monitoring data. Post-excavation monitoring data indicate that the deformation of the
surrounding rock after tunnel excavation follows a three-stage change pattern, transitioning from rapid change to
slow change and finally to basic stability as construction progresses. This validates the applicability of the
designed support parameters in most sections, but indicates insufficient support strength in specific weak
surrounding rock sections. To address challenges including vulnerable monitoring points, significant construction
interference, and humid dust environments, measures such as reinforcing protection points, optimizing
workflows to reduce interference, selecting environment-resistant equipment, and enhancing calibration are
adopted. A real-time monitoring system is established for dynamic analysis and early warning, ensuring data
reliability and guiding construction safety.
Keywords: tunnel engineering; monitor; vault settlement; peripheral convergence; surface settlement
(EAT Gk EH)
S S S G L S S
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over a time-dependent road network, aiming to minimize total cost. The model jointly considers fixed vehicle
usage cost, transportation cost, refrigeration cost, spoilage cost, carbon-emission cost, and time-window penalty
cost. An improved African vulture optimization algorithm ( AVOA ) is proposed to solve the model by
introducing an initialization strategy based on time-window centers and spatial savings, an adaptive parameter-
control mechanism, and a multi-level local search strategy, while incorporating the global search strategy of the
aquila optimizer. Computational experiments show that, when carbon emissions are considered, the improved
AVOA reduces total cost by about 25. 7% compared with the original AVOA and decreases the required fleet
size from 9 to 7 vehicles. Furthermore, the total cost when accounting for carbon emissions is about 1. 13%
lower than when carbon emissions are not considered. The improved AVOA demonstrates markedly superior
route-search capability over traditional algorithms, simultaneously optimizing distribution routes while
internalizing carbon-emission costs to achieve both cost reduction and low-carbon delivery. The proposed
approach provides an effective solution for cold-chain logistics routing.

Keywords: cold chain logistics; time-dependent road network ; path optimization; carbon emission; AVOA
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