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Apparent lowering 
rates from  
10 year GRACE data 
(2003 – 2012) 
 
Pronounced 
groundwater 
depletion in  
NW India 
- but what does this 
look like in detail? 
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Tube wells with electric pumps near Patiala, Punjab 



But… 
 

To know where the water has 
gone (and understand future 
evolution), we need to know 
 
• The geometry and 

characteristics of the aquifers 
 
• The pattern of loss in more 

detail (GRACE is a blunt tool) 
 
• The ages and recharge rates of 

the water 



~100 km 
Delhi   

Yamuna 
River 

drainage 
divide 



Sutlej fan 

Yamuna fan 





Experimental fluvial channels 

100 mm Cross-section perpendicular to flow 
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Nichols et al. (2012) 

Implications 1: downstream increase in fan area leads to more 
isolated channel bodies and lower chance of connectivity 



All wells on Sutlej fan, all depths (0-500 m) 

10% chance of finding 20+ m aquifer 

Implications 2: aquifer data give a 
probabilistic expectation of 
finding channel bodies of a given 
thickness – varies in space 



Compensational stacking 
 
To what extent do the channel bodies persistently reoccupy the same 
locations? 
 
OR do they fill the lowest available space (compensation)? 

Straub et al. (2009) 



Slope () = 1: perfect 
compensation 
 = 0: perfect 
persistence 

Part of the Sutlej fan shows near-perfect compensation 
 
Other areas show persistent reoccupation of channel positions 

Implications 3: Channels are 
(mostly) persistent; good aquifers at 
shallow levels should indicate good 
aquifers at deeper levels too 



Key points 
 
Aquifers were deposited as sediment 
fan systems 
 
Avulsions and channel scaling limit 
lateral connectivity, but channel 
scaling is predictable (statistically) 
 
Geomorphic setting affects aquifer 
proportion, aquifer thickness and 
grain size, and water level changes 
 
Some evidence for persistence of 
aquifer positions through time 


