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Preserving Groundwater in a Changing Climate 
By Renee Martin-Nagle 

 
Many people are not aware that freshwater comprises only 2.4 percent of all the 
water on the planet and that the vast majority of freshwater—87 percent—is 
frozen in solid polar ice and glaciers, making it inaccessible for human use.  Of 
the freshwater that is in liquid form, a scant 3 percent flows through rivers and 
streams and rests in lakes. A whopping 97 percent lay hidden underground in 
water-permeable rock formations called aquifers. Anyone who has dug a well or 
borehole for domestic use has utilized the water in aquifers, which is known as 
groundwater. Agriculture is the primary user of groundwater with about 60 
percent of groundwater withdrawals globally used to grow crops on almost 40 
percent of irrigated lands. 

Groundwater has several advantages over surface water. Because the water 
lying underground is not exposed to the evaporative effects of the sun, the 
volume of groundwater remains relatively constant, unlike surface dams and 
lakes. In addition, the rock formations through which the water flows can act as 
filtering agents, thus cleansing the water of certain impurities, although, once 
contaminated with pollutants, aquifers are extremely difficult to rehabilitate due 
to the slow rate at which water flows through them. Another advantage is that, as 
opposed to rivers and streams, groundwater remains relatively stationary, so that 
wells do not have to be moved once they have been drilled.  However, falling 
water tables may necessitate replacing a formerly productive well with one drilled 
to a lower depth. 

Aquifers can be roughly divided into two basic types – recharging and 
non-recharging. Both feature a basement layer of impermeable rock beyond 
which water does not descend further. Recharging aquifers, as the name implies, 
have overlying rock and/or soil formations that are permeable enough to allow 
rainfall and other surface water to percolate through to the aquifer. Due to the 
geologic conditions, recharging aquifers can often be found in river basins. Since 
recharging aquifers do not have a solid, impenetrable overlying layer, over-
extraction can cause the now-vacant pores in the geological structure to collapse, 
a process called subsidence. Once an aquifer formation has subsided, it can no 
longer hold water, because the pore spaces that used to be filled with water have 
been crushed and obliterated by the force of gravity pulling overlying soil and 
rock to the center of the earth.  

Non-recharging aquifers, on the other hand, exist in formations that do 
not permit water to seep into the water-bearing rock below. In some cases, the 
water in a non-recharging aquifer was sealed in place thousands to millions of 
years ago; this type of aquifer is called a “fossil aquifer.” Any withdrawal from a 
non-charging or fossil aquifer is akin to mining the resource. As the drought in 
California grew in intensity, the state’s farmers relied more heavily on 
groundwater from non-recharging aquifers; as a consequence, the water being 
utilized to grow current crops will not be available in the future. The practice of 
mining non-renewable groundwater for irrigation can be found all over the 
world, from the Ogallala Aquifer in the midwestern United States to the North 
China Plain fossil aquifer. In some cases, aquifers supporting production of 
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critical crops are being depleted at such a rate that the water is estimated to last 
for only another couple of decades.  

 
Both recharging and non-recharging aquifers can support ecosystems and 

their land-based species, especially in the discharge zones where water emanates 
from the aquifer. Springs flowing from hillsides and surrounded by lush flora and 
fauna are clear indicators of an aquifer discharge zone, and desert oases are 
generally formed by discharge from an invisible, non-recharging aquifer. 

Climate change can affect both recharging and non-recharging aquifers in 
a number of ways. Since recharging aquifers depend on surface water for 
replenishment, the more frequent droughts that accompany climate change 
obviously reduce both the rainfall and the surface water that would normally 
percolate through the soil to saturate the rock formations. In addition, droughts 
that deplete surface waters create an increased reliance on, and withdrawals 
from, aquifers, thus encouraging over-abstraction from both recharging and non-
recharging aquifers and thereby lowering water tables. Climate change also 
produces higher temperatures, leading to more evaporation of surface water, 
which also translates into less water soaking through the ground and into 
aquifers. Warm air can hold more water vapor than cool air, and the warmer 
temperatures that accompany climate change not only increase evaporation but 
also allow the atmosphere to retain higher quantities of evaporating water vapor. 
Since water vapor is the most powerful greenhouse gas, the process becomes a 
positive reinforcing mechanism: warmer temperatures create more evaporation, 
warmer air holds more water vapor, higher volumes of atmospheric water vapor 
act as a greenhouse gas, further raising temperatures and causing more 
evaporation, and so on. A warm atmosphere that contains a high percentage of 
water vapor is inherently unstable and results in the intense storms that have 
been occurring more frequently. Intense storms with copious rainfall do not allow 
the water to soak into the ground before it runs off into rivers and eventually to 
the seas and oceans, and recharge of aquifers is therefore decreased. Further, 
these intense downpours cause erosion as soil is washed away, leaving bare, hard 
surfaces that do not hold the water long enough to allow percolation into 
recharging aquifers.  

In response to the profligate usage of groundwater during its recent 
multiyear drought, California passed several laws in 2014 that came into effect in 
January 2015. The state water department identified 127 high- and medium-
priority groundwater basins to be monitored, most of which are located in the key 
agricultural area of the Central Valley. While the targeted basins comprise only 
one-fourth of California’s groundwater basins, they provide almost 96 percent of 
the water removed from the ground. Under the new laws, each of the 127 local 
land planners has until 2017 to designate or establish a groundwater 
sustainability agency, and those agencies must design groundwater sustainability 
plans by either 2020 or 2022, depending on the severity of their particular 
situation, although the districts do not have to achieve groundwater sustainability 
until 2040.  Meanwhile, local agencies have been granted the power to restrict 
groundwater pumping, shut down wells, and impose fines and penalties on 
landowners. Thus, in response to a crisis that was at least exacerbated, if not 
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caused, by climate change, a powerful agricultural state that produces most of the 
fruits and vegetables in the United States reacted by finally joining the rest of the 
country’s western states in passing laws to manage its groundwater. Perhaps 
more troubling than the delayed response is the fact that groundwater 
sustainability does not have to be achieved for another twenty-five years, by 
which time climate change may have forced California’s agriculture industry to 
drain the last drops of groundwater before abandoning barren lands. 

 
By contrast, the European Union’s Water Framework Directive (WFD), 

adopted in 2000, contains components whose goals are to protect groundwater 
from pollution and to attain groundwater sustainability by 2015. As a further 
protection, the EU issued the Groundwater Directive in 2006, with specific 
requirements to establish groundwater quality standards and implement 
measures to prevent or limit inputs of pollutants into aquifers. Among other 
provisions, the WFD directs member states to identify aquifers within their 
jurisdictions; reports on the condition of those aquifers were required to be 
submitted a decade ago. Member states were also obligated to create registers of 
groundwater areas that are used for drinking water and/or habitats for other 
species and to design monitoring networks to provide overviews of the quality 
and quantity of groundwater. Each river basin district must develop a river basin 
management plan that describes the anthropological impacts on groundwater; 
the results of the monitoring program; and a summary of any other programs to 
protect, control, or remediate groundwater. While these initiatives do not go so 
far as to limit withdrawals from aquifers, they do mandate accumulation of 
information, which member states can then use to preserve both the quality and 
the quantity of groundwater.  

Given the global dependence of agriculture on groundwater, preserving 
the resource for our own and future generations is imperative. However, 
protecting groundwater resources while at the same time ensuring enough water 
to support vital crops can present a conflict of interests where withdrawals exceed 
recharge and where agriculture becomes dependent on water from non-
recharging aquifers. Even without the effects of climate change, studies predict 
that by 2030 the needs of burgeoning human populations will produce a 40 
percent gap between demand and supply of water, which may set the stage for a 
race to siphon every last available drop of water from the bottom of aquifers. 
Climate change, with predictable increases in temperatures and unpredictable 
droughts, floods, and storms, will doubtless exacerbate the problem of securing 
enough water for agriculture, industry, and domestic use. What measures can be 
enacted to ensure that enough water will be available for current and future 
generations of both people and ecosystems? Here are a few ideas: 

 
1. Management of a resource requires information, so nations would 

be well-served to institute laws and regulations requiring accumulation of data on 
groundwater. Such data would provide information on groundwater location and 
amounts and types of use, but also, where possible, would include information on 
both quality and quantity of remaining supplies. In addition to informing those 
officials charged with designing and implementing groundwater management 
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policies, the data could be used to raise awareness among water users about the 
condition of groundwater supplies. A pilot project in India found that giving data 
on groundwater levels and withdrawals to rural farmers motivated them to 
manage the resource more sustainably, since they understood that their very lives 
relied on adequate supplies of the resource. 

 
2. Ideally, similar to California’s new law, local authorities should 

have the power to restrict withdrawals when those withdrawals exceed recharge 
over a period of time, such as in cases of prolonged drought.  

 
3. Land planners, hydrogeologists and agricultural interests should 

collaborate to ensure that thirsty crops such as alfalfa and cotton are not planted 
in dry areas where they need constant irrigation to grow.  

 
4. To discourage heavy rainfall from running off into rivers and 

streams, barrages should be considered to hold the water long enough to allow it 
to seep into recharging aquifers. 

 
5. Since contaminated aquifers are extremely difficult to remediate, 

strict laws should be enacted to protect recharge zones and thus prevent pollution 
of groundwater. 

 
6. The clearest, and most controversial, mechanism to control water 

use is to put a price on the resource that discourages overuse. Some areas offer 
tiered pricing, where a volume of water adequate to meet a determined level of 
needs is provided at a lower price than higher volumes. 

 
As the accumulating impacts of climate change are manifested, supplies of 

water must be safeguarded, since without water no land-based species can 
survive. Aquifers provide the most plentiful source of water, but even their 
supplies can be exhausted if measures are not taken to preserve them. The recent 
crisis in California highlighted the critical importance of groundwater, and both 
local and national governments would be wise to adopt proper governance 
regimes to protect their aquifers before the last drops are drained and the 
subsiding land becomes incapable of supporting food or life for our own and 
other terrestrial species. 
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