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Executive Summary 

There is a common saying that humans are able to survive three hours in harsh conditions 

without shelter, three days without water, and three weeks without food. While the specific 

durations may be up for debate, the fact that water is a crucial element of human life is not. 

Modern science has shed light on some of the mystical properties people used to associate with 

water, and certainly showed that water quality is incredibly important for public health, but it has 

struggled to find a sustainable solution to a rapidly growing problem in the western United 

States- water scarcity. An area that lacks sufficient quantities of usable water to meet the needs 

of the region is experiencing water scarcity. Under this definition, it starts to become clear why 

science has not “solved” water scarcity. The sheer volume of factors that must be considered 

makes it a daunting task: ground and surface water hydrology, water quality, inefficient usage, 

water allocation, and perhaps most importantly, pricing.  
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What is Water Hydrology? 

To understand water scarcity, one must first inspect how water is stored, both on the 

surface and in the ground. Surface water hydrology is the study of moving water as it is found in 

rivers, streams, and runoff. The total area of land that drains surface water to a common point is 

called a watershed (Cech, 75). Humans have had an immense impact on the flow of surface 

water. Forests and fields that slow the runoff of precipitation help water percolate into the soil, 

but urbanized areas funnel rain over hard surfaces into bodies of water without recharging the 

groundwater. Efficiently and effectively managing surface water is important on a local scale, 

but it is my opinion that groundwater hydrology is more directly related to water scarcity due to 

the increased groundwater usage rates during dry seasons and the massive volume of water 

stored beneath our feet.  

Groundwater is found beneath the surface of the earth, between layers of sand, gravel, 

clay, and cracks in rock. Although groundwater “accounts for only 0.6 percent of the total water 

supply… [it] represents 98 percent of all freshwater readily available to humans”, and “provides 

drinking water to 53 percent of the people in the United States” (Cech, 104). On average, 37 

percent of water used for irrigation in the United States is from groundwater sources, but states 

in drier areas like Texas use groundwater for up to 94 percent of irrigation. These are staggering 

statistics, and they bring with them a host of potential problems. Groundwater is very vulnerable 

to pollution. Just one gallon of gasoline has the ability to contaminate up to one million gallons 

of groundwater for drinking purposes. Additionally, rapid extraction of groundwater can lead to 

the formation of sinkholes. Sinkholes affect water quality, and by extension, water scarcity, 

because they cause water to move more slowly through the hydrologic cycle. And, although 



recent federal regulations now forbid the practice, sinkholes were traditionally used as a waste 

disposal site. While this follows the “out of sight, out of mind” mentality, I find it less applicable 

to the “I hope my children have access to clean water” train of thought.  

The recharge rate of groundwater is of particular importance in terms of water scarcity. 

Recharge rates are dependent on climate, terrain, geology, and vegetative ground cover (Cech, 

114). As mentioned previously, human development slows groundwater recharge because of 

impermeable materials. Arid areas, like the western United States, must also deal with slow 

groundwater recharge due to rainwater quickly moving along dry ground without permeating 

into the soil. Evaluating the age of groundwater adds a unique perspective to the time scale 

associated with groundwater recharge. Residence time, or the period of time groundwater 

remains in an aquifer, can range from weeks to thousands of years. For example, the 

groundwater beneath the Sahara Desert is estimated to be between 20,000 and 30,000 years old 

(Cech, 126). Compared to the days/weeks it takes for a stream or river to completely replace its 

water, it is clear that unsustainable use of groundwater could have devastating, and long-lasting, 

effects on water quality and quantity. 

 

Water Allocation: Riparian Rights 

Before exploring the water allocation laws of the western United States, I think it is 

important to gain an understanding of the alternative allocation system used in eastern states. 

Over 1500 years ago, Roman Emperor Justinian I enacted a set of laws called the Justinian Code 

(Cech, 251). The riparian doctrine evolved from these laws, and stated that rivers and streams 

were open for public navigation and fishing. However, if a person had property adjacent to the 

body of water they had the right to make de minimis, or reasonable, use of the stream as long as 



any diverted water was returned without degradation of quality or quantity. Centuries later, 

following the conclusion of the French Revolution, the Code Napoléon was created. This act 

combined features from the Justinian Code, as well as Visigothic and English Common Law, 

redefined riparian rights and set the framework for evolving water allocation rights in the United 

States.  

 Riparian water rights, or rights that came from the land, took hold in the eastern United 

States due to the general abundance of water- especially considering the humid climate and 

shallow, easily accessibly groundwater. At its origin, the principles of water rights were based on 

five English common law concepts:  

 

1. Riparian water rights extended to the center of nonnavigable streams. 

2. Navigable streams… were owned by the general public… and could not be 

obstructed. 

3. The right to develop mills and milldams belonged to the riparian land owned on 

either side of the stream and could be lawfully transferred when the property was 

sold.  

Excess water could not be diverted from a stream and had to be returned 

unimpaired in both quantity and quality.  

4. Excess water could not be diverted from a stream and had to be returned 

unimpaired in both quantity and quality.  

5. Injured riparian landowners had to be compensated for injuries. (Cech, 258).  

 



In 1827, in Tyler v. Wilkinson, U.S. Supreme Court Justice made an influential decision and 

combined the “reasonable use” idea from the Justinian Code, as well as the third English 

common law concept described above, in his decision that “no one could reduce or obstruct the 

flow of water in a stream to the detriment of a downstream riparian landowner” (Cech, 259). 

This decision was important because it explained that riparian landowners do not own the water, 

but still have the right to make reasonable use of it due to their property location. This concept is 

known as an usufructory right. An interesting component of riparian water rights stems from the 

idea that only properties adjacent to water have riparian rights over that water. This means that if 

a property is divided and one portion is no longer adjacent to the water, it becomes nonriparian 

(Campbell-Ferrari, 2016).  

 One of the inherent issues surrounding the riparian doctrine falls in the ambiguity of the 

term “reasonable”. There is absolute protection of natural uses, i.e. food, drinking water, and 

bathing. However, some artificial uses like manufacturing and agriculture can be deemed 

unreasonable per se (Cambell-Ferrari, 2016). The Second American Restatement of Torts 

attempts to clarify judgment on what constitutes reasonable use. The factors set forth in the 

Second Restatement include ideas about the economic and social value of the use, the extent of 

harm the water use could cause, the effect on other users of the stream, environmental costs, and 

the justice of requiring the user causing harm to bear the costs. In the end, these elements and 

others can give a good guideline on how to judge reasonableness, but it is still a subjective 

endeavor.  

Currently, 31 states use the riparian doctrine as a basis to determine water rights (Cech, 

272). Unsurprisingly, these states, and other countries where the riparian water rights are used, 

have an abundance of water. In comparison to the reasonable-use principle, the correlative-rights 



principle takes a different approach to the riparian doctrine. Instead of being able to divert any 

amount of water from a stream, assuming it does not significantly impact those downstream, the 

correlative-rights principle guarantees that each riparian owner receives a share of the total flow 

of a river based on their amount of waterfront property. As water scarcity becomes an increasing 

issue, some eastern states have adopted a permit based correlative-rights principle in an effort to 

“allocate water to riparian landowners based on use, need, percolation rates, and climatic factors” 

(Cech, 274). This form of regulated riparianism is no longer reactive, opposed to earlier forms of 

riparianism which are based on common law. People without riparian rights can obtain permits 

from those who do, and allows the permit holder to have a precise quantification of their water 

rights. However, these permits can still be overturned in court by a riparian landowner. I find this 

permit based system intriguing because it allows all riparians to have access to water, but if 

someone finds they are not in need of some/all of the water they are allocated, they could sell the 

permits to someone who is in need. 

 

Water Allocation: Doctrine of Prior Appropriation 

While most of the eastern United States enjoys plentiful access to fresh water, the same 

cannot be said for the West. Climatic and geographical differences between the regions created a 

much different structure of water rights. The doctrine of prior appropriation can be summarized 

succinctly by the phrase “first in time, first in right”. While many associate the origins of prior 

appropriation to the Gold Rush in the mid-1800s, it likely found its roots in Europe through tin 

mining (Cech, 263). During the time, the land in the California territory was still under Mexican 

government control, so riparian rights did not apply because citizens of the United States could 

not purchase land. Extensive amounts of water had to be used to mine gold, and mining camp’s 



generally followed a set of seven principles- one of which included “Water for each claim was 

based on a first possession concept of “first come, first served” (Cech, 265).  

 A ruling by Justice Heydenfelt of the California Supreme Court in 1853 established the 

concept of the doctrine of prior appropriation (Cech, 265). This was in response to downstream 

property owners who had previously settled in the area and were experiencing water degradation 

issues from mining practices. Prior appropriation allows water from a stream to be diverted and 

used on nonriparian lands (land not directly adjacent to a source of water). Groundwater can also 

be allocated based on prior appropriation, and follows the same set of rules as surface water. 

However, I believe that this could lead to potentially harmful environmental effects if 

landowners begin digging deeper wells in an effort to collect more water. 

Prior appropriation created a system of water rights where water could be sold and 

leased. Water rights are obtained through the diversion of water for a beneficial use. The first 

person able to complete the proper paperwork to obtain water rights, and then put that water to a 

beneficial use, is called a senior appropriator. This senior appropriator has the continued right to 

that quantity of water, as long as they use it for the same purpose. Junior appropriators come 

after seniors, and cannot use water if there is an insufficient amount remaining after senior right 

holders. There are no rules about when water can be appropriated (Campbell-Ferrari, 2016).  

This can create issues of appropriating rights during a wet season, and then that person having 

rights to a potentially inflated figure in years to come. While this may not seem like a problem to 

the senior right holder, it could severely effect more junior rights holders. Water scarcity in the 

western United States means that water must be used purposefully and efficiently. This means 

that not only is “first in time, first in right” considered in appropriative rights, but also the 

productivity of how the water is being used (Cech, 265). California’s State Water Resources 



Control Board is in charge of distributing these water rights and setting water quality standards 

(Hanak, 5).  

Similar to the ambiguity of the term reasonable in riparian water law, though to a lesser 

degree, is the idea of beneficial use and the doctrine of prior appropriation. Beneficial uses 

include, but are not limited to: “domestic use, irrigation, power, frost protection, municipal, 

mining, industrial, fish and wildlife preservation and enhancement, aquaculture, recreational, 

water quality” (Campbell-Ferrari, 2016). Ecological uses were not originally considered 

beneficial in many Western states, but now are. Important to note is that prior appropriation 

gives a person the right to appropriate, or use, water, not speculate. Rights can be revoked if a 

conscious effort has not been made to complete the project within a specified amount of time 

(Campbell-Ferrari, 2016). 

 

California Drought 

California is currently in the midst of the worst drought in its 166-year history. Record 

lows in terms of statewide precipitation were observed from 2012-2014, combined with record 

high average temperatures, have severely impacted the amount of fresh water available to 

citizens of the region (Jones, 1) (Figure 1).  

 

 

 

 

 

 



 

Figure 1: Three-year Precipitation as a Percent of Average, September 2011 through 

September 2014 

 

 

The state of California experiences high variability in rainfall due to its reliance on a 

small number of large storms during winter months. In fact, about “75 percent of the state’s 

average annual precipitation of 23 inches falls between November and March” (Jones, 10). 

When those storms do not come, it is a dry year for the people of California. If the storms remain 

infrequent year-after-year, the result is a drought much like the one California is experiencing 

now. Aggressive emergency spending from federal and especially state sources, along with an 

increased dedication to water conservation from many Californians have made the economic 

effects of the drought negligible. However, it has also highlighted just how unprepared the state 

was for a drought of this magnitude. Many decisions were made retroactively instead of 

proactively, and with reliance that next year will bring more rain (Hanak, 2). 



California’s surface water hydrology is unique because of the vast difference in 

precipitation and runoff between Northern California and Southern California. The Sierra 

Nevada mountain range stores surface water in the form of snowpack. In the warmer months 

following winter, Northern California is normally privileged with abundant surface water, 

however “2015 saw record-low snowpack in the Sierra Nevada and near-record-low runoff in the 

Central Valley” (Hanak, 6). 

In times of drought, groundwater is the primary means of access to fresh water. However, 

as discussed earlier groundwater can take years to replenish, and even longer during dry seasons. 

Groundwater in California is currently being used at a very unsustainable rate. 

  

Figure 2: Groundwater depletion is a growing challenge in the southern Central Valley 

 

 



Figure 2 (Hanak, 6), provides context not only to the unsustainable depletion rates of 

groundwater in California, but also the vast difference in groundwater use between Northern and 

Southern California. For reference, Sacramento Valley, where cumulative change in groundwater 

storage has remained relatively stable, is in Northern California. The Tulare basin, which is in 

Southern California, has access to much less surface water and therefore resorts to over-pumping 

of groundwater. Also contributing to over-pumping is California’s lack of sufficient groundwater 

regulation. Groundwater and surface water are very much connected in that surface water 

replenishes groundwater, and groundwater effects the flow and sedimentation of rivers and 

streams (Reforming California’s Groundwater Management, 1). 

 

Policy Implications 

The Economic Research Service of the United States Department of Agriculture (USDA) 

states that “Agriculture is a major user of ground and surface water in the United States, 

accounting for approximately 80 percent of the Nation’s consumptive water use and over 90 

percent in many Western States” (Schaible, 1). To put that into perspective, in 2000, the state of 

Texas withdrew a total of 10,600 million gallons of water for irrigation every day. Of that, 69 

percent (6,500 million gallons) was from groundwater sources, which can potentially take 

thousands of years to replenish. The use of groundwater gives farmers access to a consistent, 

convenient source of water, which is something that cannot be taken for granted. Agriculture, 

and therefore irrigation, are staples of modern life. However, global population is increasing at a 

faster rate than farmers are adopting efficient watering techniques and the result is unsustainable 

water use and an inefficient market requiring government subsidies.  



 The United States currently pays farmers a total of $20 billion per year in subsidies 

(Coburn, 1). In Mexico, “irrigators pay on the average just 11 percent of the water’s full cost” 

while the rest is subsidized by the government (Cech, 443). While I respect the need of farmers 

to make a living, and society’s need for food, I think that this money could be put to different 

use. If subsidies were earmarked as being for irrigation technique improvements, it would 

encourage farmers to adopt more efficient water use practices while saving them money for the 

cost of water. There are two irrigation techniques that look particularly promising: a center-pivot 

sprinkler system, and drip irrigation. A center-pivot sprinkler system consists of a 6 to 10-inch 

diameter sprinkler tube, about ¼ mile long, attached to a pivoting base. There is very little labor 

and operating costs associated with a center-pivot sprinkler system, but the $40,000 initial cost 

can turn farmers away (Cech, 213). This large fixed cost is shared by drip irrigation systems as 

well. Drip irrigation systems work by running pipes with small holes on the surface or just 

beneath the ground and having water saturate the soil by dripping out. As Cech explains, drip 

irrigation “is used primarily on fruit and vegetable crops, because the economic return is much 

higher than from crops such as corn or beans” (Cech, 213). If government subsidies were 

required to go to improving irrigation techniques, it would not only help to cover the high initial 

costs, but savings on water could offset the economic loss from producing crops with lower 

returns.  

 In the midst of the current drought, California’s farming sector has continued to use large 

amounts of water. Interestingly, California’s GDP and nonfarm employment rates have been 

growing faster than the national average since 2011. This is mostly due to the fact that farming 

only accounts for 1-2% of the state’s economy, but still has about four times the annual use of 

cities (Hanak, 7). Thankfully, they have adopted more efficient irrigation techniques, which led 



to improved crop yield and quality. However, this did not increase water availability. That is 

because the excess water from farmers using inefficient techniques is not wasted, but enters 

surface and/or groundwater systems. Looking forward, California implemented the Sustainable 

Groundwater Management Act in 2014, which calls for less groundwater pumping in wet and 

normal years in attempt to make water both available and cheaper in times of drought.  

It is no secret that money talks. It is for that reason that I believe the pricing of water is 

one of, if not the most important tool that can be used to help create sustainable water use. That 

being said, there is no easy solution. Ask any student in a high school economics class around 

the country and they will tell you that a commodity’s (water) value is based on supply and 

demand. Well, determining the value of water is not quite as easy as finding the intersection of 

supply and demand, as Adam Smith wrote in his water-diamond paradox. The water-diamond 

paradox is the fact that water is essential to life, yet relatively inexpensive. On the other had, 

diamonds are inessential to life, but are very expensive. Smith therefore theorized that the value 

of a commodity is a function of the labor that went in to producing it (Cech, 443).   

I am a firm believer in competition, especially in the marketplace, but I cannot imagine a 

privatized water industry that was fair and accessible to all. The hope with privatization of water 

is that treatment costs would go down due to competition. Potential drawbacks I see with the 

privatization of water include high entry costs that could prohibit sufficient competition to keep 

usage costs low and inexperienced companies handling a vital resource for many people. 

Additionally, water companies can charge a flat “hook-up” fee in order for a person’s house to 

have access to water, and that fee would be a disproportionate amount of a low-income earner’s 

wage.  



I don’t think that a firm could truly maximize profits while satisfying everyone, and 

varying price based on quality sounds like a horrific idea that would end in disease. Water as a 

public good, run by the government, and accessible to all for basic consumption and sanitation 

needs is the most realistic solution. That just begins to address the problem though. Agriculture 

irrigation accounts for at least 80 percent of water consumption in the United States, and I 

believe that the water scarcity solution will be found by looking at where the water is going. To 

account for this, water could be priced incrementally, and individuals/farms using more water 

than deemed appropriate should be charged more. 

 

Conclusion 

Three minutes without shelter? I think I could make it. Three days without water? Not a 

chance. Water scarcity is a rapidly growing problem, and shows no signs of stopping. By first 

understanding what it means to have usable, quality water, and then examining the process in 

which it is moved and stored, it becomes clear that our current water usage habits in the western 

United States are unsustainable. The area with the most potential to improve, in my opinion, is 

agriculture. Together, increased water efficiency, putting subsidies towards technological 

improvements, government regulations of water pricing, and the shift in public opinion towards 

conservation that has already began could help slow the looming disaster that is water scarcity. 
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