
Network Robustness and Resilience: 

Theory and Applications in Human, Natural, and 

Infrastructure Systems

Our world is increasingly fragile: cascading failures in power grids, breakdowns in global supply

chains, species extinction in ecosystems, and intensifying climate shocks now routinely disrupt

the systems we depend on. Yet many complex systems also surprise us with their ability to

recover, reorganize, and even improve after disaster. In this talk, I explore how and why this

happens. I will first unpack what “robustness” and “resilience” really means across social

science, ecology, and infrastructure systems. I then introduce dimension-reduction approaches

that help us predict system resilience and strategically guide network restoration after major

disruptions. Drawing on cases from social, ecological, and infrastructural systems, I show how

network structure and adaptation together determine whether systems collapse, bounce back,

or transform. Finally, I will also introduce how machine learning improve our understanding and

inferencing the resilience of complex networks. The talk argues that resilience is not just about

surviving shocks, it is about learning to adapt with uncertainty in a rapidly changing world.
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