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Abstract
This study addresses the multi-source uncertainties—demand, logistics, and exchange rates—in the
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design of cross-border e-commerce overseas warehouse networks by constructing a stochastic opti-
mization model integrated with Monte Carlo simulation. Taking major European markets as an exam-
ple, the study compares various network configurations, including a centralized pattern (Poland-only
warehouse), a dual-warehouse pattern (Poland + Germany), and multi-warehouse patterns. Through
tens of thousands of random scenario simulations, the expected total cost, risk cost (95th percentile),
and service level of each scheme are quantified. The findings indicate that the dual-warehouse scheme
increases the expected cost by only about 15% while reducing extreme risk by more than 30% and
ensuring that over 95% of orders are delivered within five days, representing the optimal trade-off
among cost, risk, and service level in the current market environment. This research provides enter-
prises with a data-driven decision-making framework, demonstrating that the “optimal solution” de-
rived by ignoring uncertainties may conceal substantial risks in practice.
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Figure 1. Risk probability distribution plot
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Figure 2. Scatter plot of three-dimensional trade-off analysis among cost, risk, and service
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Figure 3. Performance analysis of demand volatility
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