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Challenges and Opportunities 
for Urban Seas in the Face of 

Global Change



A Challenge

• Many Urban Seas contain legacies of pollution that persist despite 
improvements in “water quality”

• Climate pressures may prevent restoration actions from being fully 
realized

• There are engineering solutions to these challenges, but we know 
little about their scalability, unintended consequences, and 
resilience/durability



Tuholske et al. 2021

A Global Challenge



Ecosystem Recovery Trajectories 

Duarte et al. 2009

• As we seek to ‘restore’ ecosystems, we envision an overly
 pathway to recovery back to some previous condition

• But physical, chemical, and biological processes in the
 system have been disrupted, and climate is changing

• Why? Warming, altered landscapes, legacy pollutants, etc.



How Do We Unlock Urban Seas From Degradation?

Are there lags in ecosystem recovery due to legacy  
nutrient inputs from sediments?
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How Do We Compensate for Altered Climate?

Prum et al. 2024



Engineering the Sea?

We already engineer land. All of the time. We are comfortable 
engineering the land because we do it in our daily lives.

In the face of increasingly expensive nutrient reductions and 
climate, what other tools do we have to super-charge restoration?

There are limits to engineering, unintended consequences, requires 
scientific study

Many of these activities are already occurring. In some ways, the 
train has left the station. How can the scientific community keep up?



Engineering the Sea Example 1: Floating Wetlands

WHY?
• Traditionally used in storm water retention ponds
• Tissue nutrient uptake, potential for denitrification 
• Provide habitat, shoreline protection, aesthetic value

Problems?
• How well do they work?
• Do they last?
• Can they be scaled up reasonably



Baltimore, MD Inner Harbor

Boston Harbor, https://emerald-tutu.com/about

Lake Washington, Seattle; https://www.portseattle.org/projects/floating-wetland

Liverpool; www.biomatrixwater.com



Engineering the Sea Example 2: Oxygenation

WHY?
• Oxygen depletion can enhance nutrient recycling
• Highly polluted areas difficult to restore
• Warming will push oxygen lower

Problems?
• How well do they work?
• Do they last?
• Can they be scaled up reasonably?
• Do they have unintended consequences?
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The technology is already being applied at scale, can we better 
understand it in the coastal zone?



Recommendations

• There are opportunities to advance the science, engineering, and 
application of technology to restore urban tidal waters

• Given that the private sector is advancing, the scientific community 
needs to keep up. We are in the midst of this for carbon dioxide 
removal

• Of course, social science questions abound with these solutions, given 
the trade-offs that will need to be made and the potential impacts
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