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Background
Environmental flows, from water and air to soil and rock, shape the landscapes and infrastructures in

which we live. Modern human activity has disrupted these natural flows, reducing sediment delivery,
groundwater recharge, natural ventilation and contaminant dispersal, which exacerbates hazards like
floods, droughts, heatwaves and landslides. Understanding and managing these flows is critical for
sustainable urban infrastructure, climate resilience, improved water management and building with
geo-inspired materials. Addressing these challenges requires integrating soft matter, geosciences, fluid
physics, robotics and engineering with advances in distributed sensing, manufacturing, data-driven
modeling and autonomous systems.

The Big Idea

Create a transdisciplinary research and education initiative that advances environmental mechanics in
urban settings, using integrated sensing, modeling and community engagement to address sustainability
and hazard mitigation challenges.

Why does this matter? Urban populations face increasing risks from climate-driven hazards and
environmental degradation. Understanding environmental flows across scales, from microparticles to city
landscapes, enables better management of air, water, soil and energy systems, while supporting
sustainable and resilient urban design.

What will you do? We propose a framework combining adaptive networks of static and mobile
autonomous sensors with data-driven and simulation-based modeling to monitor and predict
environmental flows across particulate, human and landscape scales. This approach links fundamental
mechanics with actionable solutions for urban sustainability, climate adaptation and infrastructure
resilience, while training students in ethical, community-focused research.

How will you do it? The initiative will integrate three research aims: particulates (nm—mm), human-scale
flows (mm—100 m), and landscape-scale dynamics (100 m—10 km). Researchers will advance sensing
technologies, first-principles and data-driven models, and predictive parameterizations for environmental
flows. Cross-cutting themes of sensing, modeling and community engagement ensure that technical
advances are paired with real-world applications, outreach and partnerships with municipal agencies,
K-12 programs and community organizations.

Impact

This initiative will position Penn as a leader in urban environmental mechanics by combining
interdisciplinary expertise across Penn Engineering, Penn Arts & Sciences and Penn Design. Outcomes
include high-resolution monitoring, predictive modeling for urban hazards, sustainable infrastructure
design and the education of a generation of engineers trained to address pressing environmental and
societal challenges through collaborative, community-informed research.
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