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Abstract 

Groundwater depletion is a serious threat to the environment. The majority of our bodies 

and the Earth is made up of water. We may see the beautiful, flowing surface waters that 

make up the oceans, lakes and rivers, but this water is not always safe for consumption 

and is much more difficult to filter than groundwater. Consequently, water from the 

ground is especially valuable. 
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1. Introduction 

Groundwater is something that we need all over the world. Humans and animals need 

water in order to survive as our bodies could not function without it. We also need water 

to assist us in growing crops, powering equipment, and to keep us comfortable. Societies 

require much more clean water than we are afforded from precipitation and surface water, 

which is why groundwater is used so frequently. If you were to see groundwater moving, 

you’ll likely find it interesting that so much water lies beneath us. From a bird’s eye view, 

you may even feel that there is more than enough water to go around. While we know that 

groundwater shortage is a serious issue, we should also know how water naturally finds its 

way into the aquifers we extract it from.  

Nature goes through a unique process to provide us with groundwater. The surface water 

that we can see is heated by the Sun and goes into the atmosphere as evaporation. Water 

vapor then creates precipitation, water that falls from the sky as rain and snow. Once water 

falls from sky and onto the ground, it is absorbed into the Earth and is then stored as 

groundwater in aquifers.  
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The volume of ground water in storage is decreasing in many areas of the United States in 

response to pumping. Ground-water depletion is primarily caused by sustained ground-

water pumping. Some of the negative effects of ground-water depletion include increased 

pumping costs, deterioration of water quality, reduction of water in streams and lakes, or 

land subsidence. Such effects, while variable, happen to some degree with any ground-

water use. As with other natural resources, society must weigh the benefits against the 

consequences of such use. In order to provide the scientific information needed for 

informed decisions, these effects must be observed over time to determine their impact. 

2. Literature review 

Ground-water pumping by Baton Rouge, Louisiana, increased more than tenfold between 

the 1930s and 1970, resulting in ground-water-level declines of approximately 200 feet. 

Baton Rouge is underlain by a series of aquifers, and pumping has shifted among them 

with time. The large water-level declines have resulted in saltwater encroaching from the 

Gulf of Mexico into several of the aquifers (Taylor and Alley, 2001). 

In the Houston, Texas, area, extensive ground-water pumping to support economic and 

population growth has caused water-level declines of approximately 400 feet, resulting in 

extensive land-surface subsidence of up to 10 feet. Among other issues, subsidence is 

responsible for increased susceptibility to flooding and the permanent inundation of some 

areas. 

Continued pumping since the 1920s by many industrial and municipal users from the 

underlying Sparta aquifer have caused significant water-level declines in Arkansas, 

Louisiana, Mississippi, and Tennessee. Such declines have caused concerns about the 

Sparta’s sustainability resulting in the aquifer being declared “critical” in Arkansas. The 

Memphis, Tennessee, and West Memphis, Arkansas, area is one of the largest 

metropolitan areas in the world that relies exclusively on ground water for municipal 

supply. These large withdrawals have caused regional water-level declines of up to 70 

feet, and have resulted in interstate concerns over continued and increased pumping in the 

Memphis area. 

High Plains The High Plains aquifer (which includes the Ogallala aquifer) underlies parts 

of eight States and has been intensively developed for irrigation. Since predevelopment, 

water levels have declined more than 100 feet in some areas and the saturated thickness 
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has been reduced by more than half in others. Water levels are recovering in some areas 

due to management by State and local agencies, improved irrigation efficiency, low crop 

prices, and agricultural programs (McGuire and others, 2003). 

  

Chicago-Milwaukee area Since the first documented water well was completed in the 

Chicago area in 1864, ground water has been the sole source of drinking water for about 

8.2 million people in the Great Lakes watershed. This long-term pumping has lowered 

ground-water levels by as much as 900 feet in the sandstone aquifer underlying the 

Chicago area and eastern Wisconsin. Concern over how such pumping affected surface 

water in the Great Lakes region led to the reduction of ground-water withdrawals in much 

of the area. Water levels are recovering in some areas, however, declines continue in 

others (Grannemann and others, 2000). 

Pacific Northwest Ground-water development of the Columbia River Basalt aquifer of 

Washington and Oregon for irrigation, public-supply, and industrial uses has caused 

water-level declines of more than 100 feet in several areas; management efforts to reduce 

withdrawals have reversed some of the declines. The Snake River Plain aquifer in Idaho 

provides water for extensive irrigation as well as much of the flow of the Snake River 

through springs. Since 1950, water levels and spring discharge have decreased due to 

intensive use of ground water for agriculture (Burns, 1997). 

 Desert Southwest Increased ground-water pumping to support population growth in 

south-central Arizona (including the Tucson and Phoenix areas) has resulted in water-level 

declines of between 300 and 500 feet in much of the area. Land subsidence was first 

noticed in the 1940s and subsequently as much as 12.5 feet of subsidence has been 

measured. Additionally, lowering of the water table has resulted in the loss of streamside 

vegetation as documented by historical photographs. 

In 1999, Las Vegas, Nevada, was the fastest growing municipal area in the United States. 

In places, ground-water levels have declined 300 feet since the first flowing artesian well 

was drilled in 1907. These water-level declines have resulted in as much as 6 feet of 

subsidence since 1935, as well as having caused springs to dry up and artesian wells to 

stop flowing (Pavelko and others, 1999). 

Long-term ground-water-level data from individual wells provide the information needed 

to monitor ground-water depletion locally. Periodic assessments of changes in ground-

water storage could be made by measuring more wells over larger areas at 5- to 10-year 
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intervals. Such changes could be documented for major aquifers and then compiled into 

regional and national assessments. A major task at the beginning of such an assessment 

would be the analysis of ground-water withdrawals and changes in storage that occurred 

during the 20th century (U.S. Geological Survey, 2002). 

In order to preserve and optimize the use of our critical ground-water resources, science 

can provide the information necessary to make informed choices on issues that have long-

term environmental and ecological effects. For many aquifers in the United States, the 

basic data needed for such assessments are not available, and hence our knowledge of the 

water budget for them is limited. In about 1950, in Albuquerque, New Mexico, several 

supply wells were pumped dry, leading C.V. Theis, one of the major scientists in the field 

of hydrogeology, to comment, “What happened was that the city got a notice from its bank 

that its account was overdrawn and when it complained that no one could have foreseen 

this, only said in effect that it had no bookkeeping system” (Theis, 1953). 

3. Causes of Groundwater Depletion 

1. Groundwater depletion most commonly occurs because of the frequent pumping of 

water from the ground. We pump the water more quickly than it can renew itself, 

leading to a dangerous shortage in the groundwater supply. As a growing world with a 

population that continues to rise, the more we pump water from the ground at a rapid rate, 

the more difficult it is for the groundwater to provide us with the amount of water that we 

need. 

2. We continuously pump groundwater from aquifers and it does not have enough 

time to replenish itself. Water flows freely through the saturated rocks known as aquifers. 

There are large and small aquifers, and they are the underground water reserves that 

absorb water and hold it, enabling us to pump it for use. 

The amount of water that aquifers hold is beyond impressive and can provide us with 

billions of gallons of water per day. While this amount of water seems plentiful, 

groundwater is a major contributor to the Earth’s freshwater supply and is responsible for 

providing up to 40% of freshwater in the world. Therefore, it doesn’t have the ability to 

recollect quickly enough to be continually sourced for our use. 
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3. Agricultural needs require a large amount of groundwater. It’s frightening to think 

that there isn’t very much groundwater left when you consider how much water we use on 

a daily basis to support our population of billions and our personal lifestyles. A large 

amount of groundwater goes to farming, but the availability of groundwater is steadily 

declining.  

Without it, it will be extremely difficult to provide drinking water and water for crops and 

animals that would help communities during times of drought. The less water that is 

available, the less food we have and we will be faced with the issue of great demand and 

very little supply. 

4. Groundwater depletion can also occur naturally. The problems we would face with 

freshwater shortage is sure to cause problems in every aspect of our lives. The activities 

that lead to groundwater depletion come mostly from humans, but a portion of it also 

comes from changes in our climate and can speed up the process. 

4. Effects of Groundwater Depletion 

If intensive pumping from an aquifer continues, then adverse effects may occur. 

Water-well problems declining ground-water levels have three main effects on water 

wells. First, as the depth to water increases, the water must be lifted higher to reach the 

land surface. As the lift distance increases, so does the energy required to drive the pump. 

Thus, power costs increase as ground-water levels decline. Depending on the use of the 

water and the energy costs, it may no longer be economically feasible to use water for a 

given purpose. Second, ground-water levels may decline below the bottom of existing 

pumps, necessitating the expense of lowering the pump, deepening the well, or drilling a 

deeper replacement well. Third, the yield of the well may decline below usable rates. 

  

Ground-water budgets before and after development of the Gulf Coastal Plain aquifer 

system (all flows in cubic feet per second). The large withdrawals from the aquifers have 

been balanced by increases in recharge to the aquifer system and decreases in storage and 

discharge from the aquifer system (modified from Williamson and Grubb, 2001). 
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 A hydrograph showing ground-water-level declines in the Buckman well field, which 

supplies water for Santa Fe, New Mexico. No measurements were made between August 

1988 and June 1997, during which time water levels declined nearly 300 feet, emphasizing 

the importance of continual monitoring. Long-term data that document the evolving 

response of aquifers to ground-water development are particularly important for 

calibrating ground-water-flow models used to forecast future conditions. 

Reduced surface-water flows In most areas, the surface- and ground-water systems are 

intimately linked. Ground-water pumping can alter how water moves between an aquifer 

and a stream, lake, or wetland by either intercepting ground-water flow that discharges 

into the surface-water body under natural conditions, or by increasing the rate of water 

movement from the surface-water body into an aquifer. In either case, the net result is a 

reduction of flow to surface water, though the full effect may take many years to develop. 

  

A related effect of ground-water pumping is the lowering of ground-water levels below the 

depth that streamside or wetland vegetation needs to survive. The overall effect is a loss of 

riparian vegetation and wildlife habitat. 

  

Subsidence Land subsidence is “a gradual settling or sudden sinking of the Earth’s surface 

owing to subsurface movement of earth materials.” Though several different earth 

processes can cause subsidence, more than 80 percent of the subsidence in the United 

States is related to the withdrawal of ground water (Galloway and others, 1999). 

  

Deterioration of water quality Coastal aquifers tend to have wedgeshaped zones of 

saltwater underlying the potable freshwater. Under natural conditions the boundary 

between the freshwater and saltwater tends to be relatively stable, but pumping can cause 

saltwater to migrate inland, resulting in saltwater contamination of the water supply. 

Inland aquifers can experience similar problems where withdrawal of good-quality water 

from the upper parts of inland aquifers can allow underlying saline water to move upward 

and degrade water quality. Additionally, where ground water is pumped from an aquifer, 

surface water of poor or differing quality may be drawn into the aquifer. This can degrade 

the water quality of the aquifer directly or mobilize naturally occurring contaminants in 

the aquifer. 
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5. Solutions to Groundwater Depletion 

1. As individuals, one of the things we can do to make a difference is to use less water 

for luxury purposes. We must all address the issue of groundwater depletion. 

Considering the impending crisis of a mass water shortage, everyone should do their part 

to use less water whenever possible. Water is used so freely that it is often part of outdoor 

decor ideas and used for major attractions, such as amusement parks. 

Throughout countless neighborhoods, large amounts of water are used for swimming 

pools while water hoses are kept running to wash cars and for other miscellaneous reasons. 

We conserve water when we turn off the faucet and reduce our usage of washing 

machines, dishwashers and similar appliances. Also, we save a massive amount of water 

by deciding not to use water for decorative and unnecessary reasons at home. 

2. We should reduce our use of chemicals and dispose of them properly. Many people 

are not paying attention and are simply unaware of how important it is to keep pollution 

from occurring beneath the ground. The water from businesses and private residences that 

run into the streets and sewage systems are commonly laden with chemicals. These 

chemicals find their way into larger bodies of water and absorb into the ground, poisoning 

animals and the soil. By using less chemicals and discarding of them carefully, we keep 

them from adding toxic materials into our water supply. 

3. More comprehensive research and additional funding can help with groundwater 

depletion. The best way to approach the topic of groundwater depletion and to find a 

solution is to think on both a personal and government level. Laws that are in place for the 

pumping of groundwater should be more strict and follow specific regulations. 

There are many scientists, researchers, and sustainable companies that remind us how 

important it is to know the amount of groundwater we actually have. They also believe 

that many of the policies we have should be changed with the consideration of saving 

groundwater in mind instead of treating it like an endless resource. 
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4. One of the most effective ways to address the issue of groundwater depletion is to 

find alternative sources of water. Alternative water sources can be used to help replenish 

aquifers. Deriving water from other sources would also give aquifers time to refill instead 

of pumping too much water from them at once. 

5. The pumping of groundwater should be regulated. If we don’t have a better 

understanding of our groundwater supply, then we can easily use much more than we 

should. Understandably, more funding should be granted towards researching our 

groundwater supply instead of just pumping the water, so that we can set limits and better 

pace our usage. Additional funding should be given to support initiatives that not only 

study the supply of groundwater we have, but also seek to find sustainable ways to use less 

of it. 

6. Conclusion 

As people pump groundwater for irrigation, drinking water, and industrial uses, the water 

doesn't just seep back into the ground -- it also evaporates into the atmosphere, or runs off 

into rivers and canals, eventually emptying into the world's oceans. This water adds up, 

and a new study calculates that by 2050, groundwater pumping will cause a global sea 

level rise of about 0.8 millimeters per year. 
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