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1. Introduction 

Coastal aquifers are lifelines for 

communities and ecosystems 

worldwide, supplying freshwater for 
drinking, agriculture, and industry. 

However, these vital resources face a 

critical threat: saltwater intrusion. Did 
you know that for every 1-meter drop 

in freshwater levels, saltwater 

advances 40 meters closer to the 
surface within coastal aquifers? This 

startling phenomenon not only 

highlights the delicate balance of 
coastal ecosystems but also 

underscores the urgency to address 

this issue before irreversible damage 

occurs.  

2. Understanding Saltwater 

Intrusion in Coastal Aquifers 

Saltwater intrusion occurs when 

saline water encroaches into 
freshwater aquifers, typically near 

coastlines. This process often results 

from over-extraction of groundwater, 
rising sea levels, or reduced 

freshwater recharge. The balance 

between freshwater and saltwater in 
coastal aquifers relies on a delicate 



 

equilibrium: freshwater, being less 
dense, naturally “floats” above 

saltwater. However, when the 

pressure of freshwater decreases due 
to factors like excessive pumping, 

saltwater advances inland and 

upward, contaminating the aquifer. 

3. The Ghyben-Herzberg Principle 

The Ghyben-Herzberg principle 

explains the relationship between 

freshwater and saltwater in coastal 
aquifers. According to this theory, the 

depth of the freshwater lens below 

sea level is approximately 40 times 
the height of the freshwater table 

above sea level. This principle forms 

the foundation of our understanding 
of how small changes in freshwater 

levels can cause significant shifts in 

the position of the saltwater interface. 
It also highlights the critical need for 

sustainable groundwater management 

to maintain this delicate balance. 

4. Causes of Saltwater Intrusion 

1. Over-pumping of Groundwater: 

Excessive extraction reduces 

freshwater pressure, creating space 

for saltwater to intrude. 

2. Sea Level Rise: Climate change-

induced sea level rise increases the 

hydraulic pressure of saltwater, 

forcing it further into aquifers. 

3. Reduced Recharge Rates: 

Urbanization, deforestation, and poor 
water management decrease the 

natural replenishment of aquifers. 

4. Extreme Weather Events: Storm 
surges and coastal flooding can 

accelerate saltwater contamination. 

5. Impacts of Saltwater Intrusion 

Saltwater intrusion has far-reaching 

consequences: 

• Agricultural Damage: High salinity 

levels in groundwater harm crops and 
reduce soil fertility, threatening food 

security. 

• Economic Losses: Industries reliant 
on freshwater, such as tourism and 

fishing, face increased costs or 

closures. 

• Health Risks: Salt-contaminated 

drinking water poses severe health 

risks, including hypertension and 

kidney problems. 

• Environmental Degradation: 

Wetlands, estuaries, and other 
ecosystems lose their biodiversity as 

salinity levels rise. 

6. Frequently Asked Questions 

(FAQs) 

How can saltwater intrusion be 

detected? 

Saltwater intrusion is detected using 

geophysical surveys, monitoring 
wells, and salinity testing. 

Technologies like electrical resistivity 

imaging (ERI) and electromagnetic 
induction also help map the extent of 

saltwater intrusion. 

 



 

Which regions are most vulnerable? 

Low-lying coastal areas, such as river 

deltas, islands, and regions with high 

groundwater extraction rates, are 
particularly vulnerable. Examples 

include parts of Southeast Asia, the 
Mediterranean, and the Gulf Coast in 

the United States. 

Can saltwater intrusion be reversed? 

Yes, though challenging. Methods 

like artificial recharge (injecting 

freshwater into aquifers), reducing 
groundwater extraction, and creating 

physical barriers (e.g., underground 

walls) can mitigate or reverse 

saltwater intrusion. 

How does climate change exacerbate 

the problem? 

Rising sea levels increase the 

hydraulic pressure of saltwater, 

pushing it further into aquifers. 
Additionally, higher temperatures 

reduce freshwater availability, 

intensifying the imbalance. 

What is the role of the Ghyben-

Herzberg theory in addressing 

saltwater intrusion? 

The Ghyben-Herzberg principle 

provides a scientific basis for 

understanding and predicting the 
behavior of saltwater-freshwater 

interfaces in coastal aquifers. By 

applying this theory, water managers 
can make informed decisions to 

prevent or mitigate saltwater 

intrusion. 

7. Solutions to Mitigate Saltwater 

Intrusion 

Sustainable Groundwater 

Management: 

Implement policies to regulate 
groundwater extraction, ensuring 

aquifers maintain adequate freshwater 

pressure. 

Artificial Recharge Projects: 

Replenish aquifers with treated 
freshwater or stormwater to 

counteract saltwater intrusion. 

Nature-Based Solutions: 

Restore wetlands and mangroves, 

which act as natural barriers against 

saltwater intrusion. 

Innovative Technologies: 

Utilize desalination plants and water 

recycling to reduce dependence on 

groundwater. 

Climate Adaptation Strategies: 

Develop coastal infrastructure to 
manage rising sea levels and improve 

urban drainage systems. 

8. Case Study: The Mediterranean 

Basin 

The Mediterranean Basin is a prime 
example of saltwater intrusion’s 

impact. In many regions, decades of 

over-pumping groundwater for 
agriculture have allowed saltwater to 

infiltrate aquifers, reducing water 

quality and agricultural productivity. 
Governments and researchers are now 



 

focusing on artificial recharge and 
better irrigation practices to mitigate 

the damage. 

9. Conclusion 

The relationship between freshwater 

and saltwater in coastal aquifers is 
fragile yet vital. Understanding the 

1:40 rule and applying principles like 
the Ghyben-Herzberg theory brings 

into focus the urgent need to protect 

these aquifers from saltwater 
intrusion. Through sustainable 

practices, innovative technologies, 

and global cooperation, we can 
preserve this invaluable resource for 

future generations. Let’s act now to 

ensure the balance of coastal 

ecosystems remains intact. 

 


