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		Abstract

		Vertical collaboration for multi-modal and multi-carrier transportation chains bears great synergy potential, enabling the integration of otherwise isolated proprietary transport networks, and thus facilitating the flow of goods and creating a more efficient and flexible transport system. However, collaboration requires close alignment in the form of data exchange and integration of information systems, which creates dependencies and a risk of disruption through technical failure, cyber attacks, or organizational conflicts. Earlier works has shown that disruption in interdependent networks can propagate and lead to a cascade of failure, which casts doubt on the claim that more collaboration has a solely positive impact. This research aims at identifying and quantifying a trade-off in collaborative transport systems between synergies and vulnerabilities depending on the level of collaborative connectivity. Therefore, a multi-layer network model for collaborative transport systems is coupled with a model for propagation of intended or unintended data disruption, and the impact on network performance under varying levels of collaborative connectivity is observed for two classes of random networks as well as for the European intermodal transport service network. We find that increasing collaborative connectivity does not have a monotone effect on performance, but there is a threshold, beyond which additional collaborations have an adverse impact on the robustness of the system. Below this threshold, more collaborations have a mostly positive impact on performance, since unused synergy potential is high while the risk of disruption causing a cascade is low. Above it, failure cascades become larger and more likely while the marginal added synergies are diminishing. The formation of highly connected cliques of carriers in the collaboration network facilitates the propagation of failure and leads to a lower threshold beyond which vulnerabilities offset synergies. 
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