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Climate change-induced groundwater salinization: 

Å  Reduced groundwater recharge  
Å  Sea level rise (vertical and lateral intrusion) 
Å  Storm surges ς increased frequency and intensity 
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Part 1: Typology for lateral intrusion vulnerability 

Ą Deltas are highly vulnerable to lateral intrusion 

Vulnerability depends on: 

ÅHydrology/climate   
ÅHydrogeologic properties  
ÅSystem geometry (topographic slope, hydraulic divides) 
ÅType and scale of potential changes (sea level rise and climate) 
ÅHuman impacts (pumping) 

Part 2: Example of Coastal Bangladesh 



25-9-2014 

5 

Vulnerability depends on: 
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ĄHow do each of these factors affect vulnerability to 
different modes of salinization? 
 

ĄCan we classify coastal vulnerability using these factors? 

See Also:  
Werner and Simmons, Ground Water, 2009 
Michael et al., 2013 

Recharge-Limited Systems 

Topography-Limited Systems 

A typology for vulnerability to lateral salinization? 
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Topography-Limited Systems 

A typology for vulnerability to lateral salinization? 

Deltas 

Low topographic gradients 

Often high recharge 

(Dense populations and groundwater use) 

Typology Ą Boundary Condition 

Topography-Limited Recharge-Limited 
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Typology Ą Boundary Condition 

Numerical simulations of variable-density groundwater flow 
and transport (SUTRA) 
 

Considered (after 1m SL rise, no transgression): 
ÅRate of salinization (movement of toe) 
ÅArea salinized after 200 y 
ÅChange in groundwater flow to sea, fresh and saline (Ecosystem, 

ocean chemistry impacts) 
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Typology Ą Boundary Condition 

Numerical simulations of variable-density groundwater flow 
and transport (SUTRA) 
 

Sensitivity to: 
ÅRecharge 
ÅPermeability 
ÅVertical anisotropy in permeability 
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Low Recharge Ą Salinization 

Area Salinized after 200 years 
 Ą Recharge sensitivity 

Not at equilibrium 

0.5 km2 

0.04 km2 

Area Salinized after 200 years 
 Ą Recharge sensitivity 

Low Recharge Ą Salinization 
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Area Salinized after 200 years 
 Ą Recharge sensitivity 
 Ą Permeability sensitivity 

Low Recharge Ą Salinization High k Ą Salinization 

{ƛƳƛƭŀǊƭȅΧ 
Topography-limited vulnerability >> Recharge-limited for: 

Rate of Salnization 

Change in groundwater flow to the sea 
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See Also:  
Werner and Simmons, Ground Water, 2009 

Recharge-Limited Systems 

Topography-Limited Systems 

A typology for vulnerability to lateral salinization? 

How might these system types be distributed globally? 
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Recharge Rates: Döll, 2009 

k: Gleeson et al., 2011 
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R: Döll, 2009 
k: Gleeson et al., 2011 
q0: Defined by 10km hydraulic divide 

32% Recharge-Limited 
68% Topography-Limited 

Michael et al., WRR, 2013 

System type depends more on local aquifer conditions than 
the magnitude of sea-level rise or change in recharge: 

Permeability 

[m2] 

Current Sea Level 1 m Sea-Level Rise 

Current 

Recharge 

Future 

Recharge 

Current 

Recharge 

Future 

Recharge 

10-10 16% 16% 24% 24% 

10-12 40% 41% 42% 42% 

10-13.4 (Distributed) 68% 68% 69% 69% 

10-14 75% 76% 76% 76% 

k is important Future R 
uncertainty less 

important 

Sea-Level Rise 
uncertainty less 

important 

% Topography-Limited 

Michael et al., WRR, 2013 
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Images from Syvitski and Saito, 2007 

Deltas are generally topography-limited 

Deltas are generally topography-limited: 

Mississippi River Delta 


