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Background of California Water Supply

According to the water cycle, we can easily understand that rain and snow are the ultimate source of our

water supply. But most Californians may not be aware of how big a country’s water infrastructure is,

irrigating farmland and sending water to faucets, and how infrastructure has profoundly changed the state

we know today.1 California has built a water-delivery infrastructure that is able to move the water that

originated near the northern border all the way down to the Mexican border.2 Through this infrastructural

development, humankind has readjusted California’s natural assets to meet the needs of society

California’s climate and hydrology is different from other countries, the main feature is the variability and

uncertainty. The average annual rainfall is about 200 million acre-ft, however, the actual rainfall varies from

100 million to 300 million acres-ft, depending on whether it is wet or dry.2 About half of the precipitation will

evaporate, be used by vegetation, or sink ground,or flow to the sea; the rest half rain water can be used in

cities and agriculture.3

In addition to the variability, California’s water supply has other challenges. Most of the precipitation occurs

from November to April, but most of the water demand is in the summer and autumn due to the hot and dry

condition. In addition, the majority of rain falls in the mountains from the central to the northern part, which

is far from major cities and agricultural centers.4 So in order to satisfy the water demand in the dry

season, California has constructed an extensive water reservoir and water delivery system that can store

the water coming in winter and send it to the city in the summer.

Groundwater

A key water supply for the City is local groundwater, the primary resource being the San Fernando

Groundwater Basin. Groundwater basins are tremendous water reliability assets.5 They store water in

wet years through natural replenishment, and can provide water utilities the opportunity to store additional

water using purified recycled water, or by proactively increasing stormwater capture.6 The ability to store

water is the key to water reliability in the Southwest, and stored groundwater can be used during dry years

when others supplies are less available. Over the last five years groundwater has provided

approximately 12 percent of the total water supply for Los Angeles, and since 1970 has provided up to 23

percent of supply during extended dry periods. Unfortunately, groundwater contamination has impacted

LADWP’s ability to fully utilize its entitlements, especially over the last 10 years.7 Furthermore, expanding

urbanization, increasing impervious hardscape, and channelization of stormwater runoff have reduced

natural replenishment. Aging well fields and distribution infrastructure have also inhibited the full utilization

of the City’s groundwater resources.8



Average Annual Precipitation in California & Aqueducts Network

Source: http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0011249

Los Angeles GIS Portal

Now, Average 40% annual water consumption is from groundwater, and there will be more 60%

groundwater usage in the dry year. However, because the location of groundwater is highly dependent,

some communities have no groundwater so they rely only on surface water, but others have only

groundwater; others depend on the mix of imported water and groundwater, and some places just rely on

imported water.9

Groundwater Overdraft
Because of annual drought and less precipitation in California, less and less water from aqueducts is

delivered to Los Angeles County. In order to satisfy the water demands of all of Los Angeles’s citizens,



people have to charge more and more local groundwater for agriculture use and urban water consumption.

Based on data from the Public Policy Institute of California, groundwater usage occupies on average 40%

of the entire water supply for agriculture and urban purpose, and it can reach 60% of total water supply or

even significantly more in some dry years.10

When the amount of groundwater consumption exceeds the amount of water that recharge the local

aquifer, groundwater overdraft happens.11 Groundwater overdraft causes groundwater level decline in

aquifers. This situation of underground water decline becomes more and more common in the

groundwater basin throughout all of California and negatively influences the environment and water supply

of the state.

Groundwater Overdraft Level Map from 1996 to 2016

Source: Los Angeles GIS Portal: Groundwater Level & Groundwater Basin



Based on the data from Los Angeles GIS Portal, I overlapped the wells and the groundwater basin in the

ArcGIS. In the attribute table of well layer, there are sort of data of the groundwater level change

through 1996 to 2016. Thus, I use different color to show the groundwater level change from 1996 to

2016. This groundwater level change map shows that the central valley and Los Angeles county are two

area that face the most terrible groundwater overdraft, which are over 50 feet. I think the reason that may

cause this results is that the central valley has large amount of agricultural field, because irrigation cost so

much water; Los Angeles county’s high population density increase the water usage throughout the year.

These two area are important place for California, central valley produce and sell the most of agricultural

products; Los Angeles is the economic and cultural center of the California. If the groundwater level

keeps reducing, a lot of environmental, geographical and economic issue will occur.

The Effects of Groundwater Overdraft
The immediate impact of overdraft of groundwater includes reduced water supplies due to depletion of
aquifers or contamination of groundwater, increased pumping costs of groundwater and costs of replacing
or deepening wells. More and more people watch their domestic wells dry up. Groundwater overdraft
directly affects the rural landowners and small-scale farmers because they have less money to dig new or
deeper wells or find an alternative water supply. 12 Less obvious impacts are the indirect results of
groundwater overdraft, including land subsidence, infrastructure damage, ecosystem destruction and
economic loss.12

When large amounts of water are discharged from the groundwater basin, compaction of the aquifer may

occur when the clay layer is drained, resulting in a subsidence of the ground - actually decreasing it. Most

subsidence is unrecoverable, which means that the surface will not be back to its original shape even if the

groundwater table is restored. 13

Changes in land-surface elevation can have negative impacts on local infrastructure, including losing the

transportation capacity of canals, destorying roads, bridges, infrastructure and pipelines. It also causes the

ground fissures occur, which can destroy the surface and subsurface of structures, what’s worse, it can

provide a access for pollutants to enter the shallow aquifers.

Some areas of California have already suffered from the consequence of groundwater overdraft. “While
some basins have made good progress, subsidence continues today in many parts of the state,
sometimes at a rate of more than 1 foot/year. In the San Joaquin Valley, subsidence from groundwater
extraction has greatly impacted infrastructure such as the San Joaquin River, Delta Mendota Canal,
Friant-Kern Canal and San Luis Canal, as well as private canals, bridges, pipelines, and storm sewers.” 14

Seeking The Solution

Since the California is a large area, so I zoomed my analysis into the Los Angeles County scale. I



assumed that people are the primary customers to spend the water resource. Thus, I took the population

data from Los Angeles County GIS Portal. The original data is a simple shapefile without any data in its

attribute table, so I have to link it with the population estimate data, then symbolize it in different color to

know how the population distribute. What’s more, I overlapped the existing wells data to express the

groundwater depth. Because the way to measure the local aquifer is to measure the depth of the existing

wells, the data is the point. Based on the data explanation attached with the wells data, I choose the

depth to groundwater below the sea level to symbolize on the map.

Los Angeles County Population & Groundwater Depth

Source: Los Angeles GIS Portal: Active wells & Population Estimate

From this Los Angeles County Population & Groundwater Basin, we can find out that the most of

groundwater level is more 80 feet lower than the sea level. Higher population areas have lower

groundwater level, that may proves that people are the primary reason cause groundwater overdraft.



However, it is a common sense that the more people in a certain area will cost more water. Then, I was

thinking people in Los Angeles County need to pay for using water, if the income of individuals will affect

the water use. Thus, I utilized the median house income data from Los Angeles County GIS Portal, and I

symbolize the shapefile by median house income. Then, I assumed that a well can represent the

groundwater depth within 2 miles, so I built 2 mile buffer zone for each active wells in Los Angeles County,

and used dissolve tool to create a groundwater depth zone.

Los Angeles County Median House Income & Groundwater Depth Zone

Source: Los Angeles GIS Portal: Active wells & Median House Income

This map represents that area that median house income is over $57,656 per year is in the groundwater

overdraft zone. Because the average annual house income for Los Angeles County is $55,909, it means

most of the household that annual income is above the average level cost more water than the household



whose income is lower average level. Thus, I may conclude that the most people with high income will

consume more water than those people with low income. This might because low income people do not

have more money to buy too much water, but rich people do not care about the cost on the water

consumption. So, it may be possible to reduce the water pressure by increase the awareness of water

conservation or have some policy for high income people to reduce their water consumption.

Evaluation Of GIS Tool

In this paper, GIS data provides the more than just the information of the groundwater level change,

and it also shows the location of each wells and lets me understand where the groundwater overdraft is

happening. What’s more, besides showing the data and information visually, its strong analysis supports

me to frame the existing issue that California is facing, so I can continue to explore more based on the

information that GIS showed me. Moreover, if I tend to continue this analysis and go to the landscape

design, GIS data analysis also can help me and audience to understand quickly the site visually, and some

data, like contour, urban fabric and land use, can support the design process to become more reasonable

and convinced. However, there is also some limitation of the GIS data. In this paper, the groundwater

level change just show the different value between 1996 and 2016, so I can not know if there is a

groundwater level increase between 1996 and 2016, or the groundwater level decrease just happen in a

short period of time. If these circumstances do happen, they might significantly affect my analysis. Thus,

this groundwater level GIS data can just shows a general circumstance that California is facing.

Moreover, the possible conclusion I have is based the groundwater buffer zone, I can not say the entire

Los Angeles’s rich people cost more water than low income people, because I don’t have data off the area

that is not covered by groundwater zone. If I have a bigger sample of groundwater depth, I may have

more reasonable conclusion. Overall, GIS analysis is a indispensable tool to visually shows the data that

can help to frame the problem and support the design in spatial and geographical ways in Landscape

Architecture design.
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