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The Coastal Groundwater “Squeeze”

Michael et al., Water Resources Research, 2018



Mechanisms of Saltwater Intrusion

 Only 2% seawater 
ruins a freshwater 

resource!

Sea Level-Rise
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Figure credit: Anner Paldor



Saltwater intrusion occurs on all coasts of the US



>600 million people live within 10m of sea level
~2.4 billion people live within 100 km of a coastline 

…and is a major problem globally

https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf



Saltwater intrusion & Sea-level Rise 
 Ecological Change

Salinization

Rising water levels lead to drowning of the root zone



Forest ecosystem effects

NBC News



Agricultural effects

The Southern Maryland Chronicle



• Research to understand problem scope, mechanisms, economics, social 
feedbacks, predict future scenarios

• Communication and education

What to do? 



• Research to understand problem scope, mechanisms, economics, social 
feedbacks, predict future scenarios

• Communication and education
• Monitoring

Water levels
 Salinity of surface water, groundwater
 Contaminant levels and mobility

What to do? 

Photo Credit: David Fisher (USGS contractor)

https://www.usgs.gov/media/images/h
elicopter-surveys-delaware-bay-usgs-
groundwater-research



• Research to understand problem scope, mechanisms, economics, social 
feedbacks, predict future scenarios

• Communication and education
• Monitoring

Water levels
 Salinity of surface water, groundwater
 Contaminant levels and mobility

• Develop solutions
Management!
 Engineering solutions (hydraulic barriers, gray/hardened infrastructure)
 Green infrastructure – reduce feedbacks with climate change
 Science-based policies!

What to do? 



Desalination - Engineering Solution 
High energy requirement, costly maintenance
Example: Cape May, NJ, 1998 installation



USGS California Water Science Center-
https://ca.water.usgs.gov/sustainable-
groundwater-management/seawater-
intrusion-california.html

Artificial Recharge – Engineering solution
Inject freshwater to raise freshwater level, slowing or reversing saltwater intrusion
Example: Los Angeles, CA
High energy requirement, requires water



NOAA Digital Coast-
https://coast.noaa.gov/data/digitalcoast/pdf/gi-benefits.pdf

Green vs. Gray Infrastructure – natural vs. hardened shorelines
Green infrastructure has benefits beyond flood protection

NOAA green infrastructure examples



Mitigation and prevention requires collaboration among 
policy makers, scientists, and local communities 

Saltwater intrusion is a complex and growing issue in 
the U.S. and worldwide 
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• Our lab website: https://sites.udel.edu/michaelhydrolab/
• Our Coastal Critical Zone Project- https://czn.coastal.udel.edu/

And short film, “Salted Earth”- https://czn.coastal.udel.edu/salted-earth/
• USGS information on saltwater intrusion- https://www.usgs.gov/mission-

areas/water-resources/science/saltwater-intrusion
• EPA information on Climate Adaptation and Seawater Intrusion-

https://www.epa.gov/arc-x/climate-adaptation-and-saltwater-intrusion
• Barlow (2003)- https://pubs.er.usgs.gov/publication/cir1262 
• https://coast.noaa.gov/digitalcoast/topics/green-infrastructure.html

Resources



New Jersey water levels after 
>100 years of pumping

Groundwater Management
Example: New Jersey reversal of overpumping

New Jersey water levels after 
pumping reductions

(>120 ft recovery in some areas)

1988 1993

Strategies:
 Reduced Pumping 
 Surface water use


