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Groundwater is the world’s largest accessible freshwater resource and is of critical importance for 
irrigation, and thus for global food security. For regions with high demands, groundwater abstractions often 
exceed recharge and persistent groundwater depletion occurs. The direct effects of depletion are falling 
groundwater levels, increased pumping costs, land subsidence, and reduced baseflows to rivers. With 
growing population, economic developments, and climate change water demands will increase further in 
the coming decades. The expected growth of groundwater dependence and the negative effects related to 
over abstraction pose the urgent question:  What are the limits to global groundwater abstractions, and 
where and when will these limits be reached?  
 
In this study we explore the limits to global groundwater consumption for the first time by evaluating the 
effects of head declines on natural groundwater baseflows and groundwater accessibility. We first estimate 
where and when groundwater baseflows discharging to the stream will be impacted that much by 
groundwater abstractions that environmental requirements are no longer sustained. We call this limit ‘the 
environmental limit’. Second, we explored where and when pumping cost will become too high to maintain 
abstractions due to declining water tables. We call this limit the ‘economic limit’. We used a global 
hydrological model coupled to a groundwater model, meaning lateral groundwater flows, river infiltration 
and drainage, and infiltration and capillary-rise are simulated dynamically. Historical data and projection 
are used to prescribe water demands and climate forcing to the model. For the near future we used RCP8.5 
and applied globally driest, average, and wettest GCM to test climate sensitivity.  
 
Results show that in general environmental limits are reached before economic limits. Economic limits are 
mostly related to regions with depletion, while environmental limits are reached also in regions were 
groundwater and surface water withdrawals are significant but depletion is not taking place (yet), for 
example in Spain and Portugal. In the near future, more regions will reach their limits, current depletion 
regions will expand, and new regions experiencing depletion will develop. Regionally the increasing level 
of groundwater stress, economically and environmentally, will be an important factor in future economic 
development and could lead to socio-economic tension.  
 
 
 
 


