
Chapter 13: Water Resources 

Preserving Our Liquid Assets and 

Protecting Aquatic Ecosystems 



13.1 The Hydrological Cycle 

 Water is a renewable resource, purified and 
distributed in the hydrological cycle, which is driven 
by solar energy. 

 

 The Earth has an enormous quantity of water, but 
only a small fraction of it is available for human use. 

 

 This fact underscores the importance of managing it 
wisely. 



Figure 13.01: The hydrological cycle. Water is a renewable resource, purified and distributed 
throughout the planet via the hydrological cycle.  



13.2 Water Issues Related to Supply 

and Demand 

Where Does Water 

Come from and Who 

Uses It? 

 Most water comes from 

surface water supplies 

like rivers, streams, and 

lakes.  

 Globally, agriculture and 

industry are the major 

users of water.  
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Figure 13.02: Where does the water go? (a) Fate of precipitation in the United States, (b) 
global water use, and (c) water use in the United States.  



 Water shortages occur virtually everywhere.  

 

 They’re most prevalent in areas that receive small 
amounts of precipitation, but can occur in any region 
in which demand exceeds existing water supplies.  

 

 Factors likely to make water shortages even more 
prevalent in coming years: 

 
 population growth 

 agricultural expansion 

 demand for water by the industrial sector 

Water Shortages 



Figure 13.20B: A member of the Cocopah Indians of Northern Mexico plays in dried up mud 
in an area his people fished and farmed for about 2,000 years.  

© Gregory Bull/AP Photos  



Droughts occur naturally but 

 may also result from human 

 actions such as overgrazing 

 and deforestation. 

 

Droughts reduce water 

 supplies and create 

 significant social, economic, 

 and environmental problems. 

 

Drought and Water Shortages 

Figure 13.03: Depleted 
reservoir in Buford, Georgia.  

© Chris Rank, Bloomberg News/Landov  



Water comes to us via an elaborate and 

costly system that has a tremendous impact 

on the environment.  

 

Understanding the system and its impacts 

may help us design more sustainable 

systems of water supply. 

 

Impacts of the Water Supply System 



Much of the water removed from a source 

never returns to its source. 

 

 

 

 

 

Impacts of the Water Supply System 

Figure 13.04: Water systems. This diagram shows the components of the water supply 
system of a city.  



Figure 13.07: One dramatic effect of groundwater overdraft.  This large sinkhole in Florida 
developed quickly, swallowing a street.  

© AP Photos  



When demand becomes 

excessive, impacts start to 

become evident 

 Rivers run dry for extended 

periods 

 Habitat disappears   

 Population of aquatic 

species are reduced 

 Aquifers dry up 

 Salt water intrudes into 

 freshwater aquifers  

     

Impacts of the Water Supply System 

Figure 13.08: The humpback chub.  

Courtesy of John N. Rinne, Rocky Mountain Research Station.  



Figure 13.05: Removal of excess groundwater in coastal regions causes freshwater aquifers to 
shrink, allowing saltwater to penetrate deeper inland underground.  



 Dams and reservoirs have 

many benefits, such as flood 

control and water storage. 
 

 They also have profound 

impacts on people, wildlife, 

and the economy. 
 

 Ultimately, all dams 

 have a finite life span 

 because their 

 reservoirs eventually 

 fill with sediment. 

Impacts of the Water Supply System 

Figure SOSD13.01: Small dam on the 
channelized portion of the Kissimmee 

River in Florida helps to restore wetlands.  

Courtesy South Florida Water Management District  



To avert future water shortages, we need a 
sustainable water policy and management 
strategy based on four of the operating 
principles of sustainability:  
 conservation 

 recycling 

 restoration 

 population control 

 

Efforts to slow and perhaps stop the growth of 
the human population are vital to living within 
the planet’s capacity to supply freshwater. 

Creating a Sustainable Water Supply System 



Water conservation is a relatively fast and 

highly cost-effective means of meeting 

demands for water.  

 

Some of the largest gains can be made in 

agriculture and industry.  

 

Domestic water conservation measures can 

also save enormous amounts of water. 

 

Creating a Sustainable Water Supply System 



Water can be purified and reused in industry, 
on farms, and in our homes. 

 

Water recycling reduces pressure on surface 
water and groundwater supplies and reduces 
water pollution.  

 

Wastewater can be used to recharge 
groundwater supplies or can be used to 
irrigate fields. 

Creating a Sustainable Water Supply System 



Figure 13.11: Gray water from sinks, showers, and washing machines can be collected by a 
separate set of pipes and reused for a variety of purposes.  



Creating a Sustainable Water Supply System 

Figure 13.12: Percolation-runoff ratio. Numerous factors increase and decrease surface 
runoff and absorption (percolation).  



 Many government policies, especially subsidies, 
contribute to the unsustainable use of water.  
 

 Changes in these policies can greatly increase the 
efficiency of water use and promote alternative water 
supply strategies, such as:   
 

 Conservation 

 Rain catchment 

 Recycling 

 Gray water systems 

 

 Education is a key to creating individual responsibility 
and sustainable water-use patterns among citizens. 

Creating a Sustainable Water Supply System 



 As a last resort, rising demand can be met by 
developing new water supplies.  

 

 New dams and diversion are one option, but their 
costs are enormous.  

 

 Desalination plants are a likely candidate for coastal 
communities but are costly to operate. 

 

 Excessive withdrawal of surface water can cause 
streams to dry up.  

 

 Groundwater overdraft results in many problems.  
 

Creating a Sustainable Water Supply System 



13.3 Flooding: Problems and Solutions 

Flooding is a major problem in many areas of 

the world and appears to be on the rise, in 

part as a result of human activities. 

Figure 13.13: Flood-prone areas in the United States. 
Boundaries of the states are shown in black.  



Floods result from natural events, for example, 

too much rain. 
 

They are also the result of changes in the 

environment caused by humans, notably: 
 

 changes to rainfall patterns  

 changes in the land surface that increase runoff 

Causes of Flooding 



 Many solutions to flooding, like dams, levees, and 

streambed channelization, are unsustainable. 

 They treat the symptoms, not the root causes of 

flooding.  

 Preventive measures combined with restorative 

measures are far more effective in the long run.  

 Such measures include: 

 controlling population growth 

 protecting watersheds 

 reducing global climate change 

Controlling Flooding 



Figure 13.14B: A worker unrolls sod over a plastic product called Grasspave in a new parking lot.  

Courtesy of Invisible Structures, Inc. (www.invisiblestructures.com)  



13.4 Wetlands, Estuaries, Coastlines, 

and Rivers 

Surface waters—lakes, rivers, and bays—are 
under assault.  
 

Their destruction affects available water 
supplies. 
 

 It also destroys habitat for fish and other organisms 
that are important food sources for humans and 
other species. 



Wetlands are highly endangered ecosystems.  
 

Wetlands are habitat for aquatic organisms, 

birds, and mammals.  
 

They help control flooding, purify water, and 

buffer humans from storm surges.  
 

Unfortunately, many people fail to understand 

their economic and ecological importance. 

 

Wetlands 



Wetlands are declining virtually everywhere, 
and massive areas have already been 
destroyed in the United States and abroad.  
 

Fortunately, the rate of destruction in the United 
States has slowed considerably.  
 

Many remaining wetlands are impaired because 
of: 
 pollution 

 invasion of exotic species 

 lack of adequate water flow 

 

Wetlands 



Figure 13.16: Wetlands. Wetlands are found in many locations, along rivers or at the mouths 
of rivers.  



Numerous efforts are under way at local, 

state, national, and even international levels 

to preserve and protect existing wetlands.  

 

Although these measures have not ended the 

destruction, they have greatly slowed it down. 

Wetlands 



Figure 13.17A: Map of wetlands in the United States. 
This map shows (a) where remaining wetlands are found 

in the lower 48 states… 

Figure 13.17B: … and (b) the percentage loss 
in each state.  



Figure 13.19: Source of wetland losses. These data show states reporting major causes of 
wetland losses.  

Data courtesy of Environmental Protection Agency.  



 Estuaries are the mouths of rivers and are 
biologically important life zones of great economic 
importance to humans. 

 

 Because of its location downstream from many 
human activities, the estuarine zone is seriously 
endangered.  

 

 Overharvesting of commercially important species, 
especially shellfish, in this zone carries enormous 
ecological and economic costs. 

Estuaries 



Protecting the estuarine 
zone requires many 
efforts; these include: 
 

 establishing protected 

 areas  
 

 carrying out numerous 

 preventive measures 

 such as: 
 pollution control  

 soil erosion controls on 

 watersheds of rivers and 

 their tributaries that empty 

 into estuaries 

Estuaries 

Figure 13.20A: A delta dies. Not more 
than 80 years ago the Colorado River 

flowed unhindered.  

Courtesy of NASA/GSFC/MITI/ERSDAC/JAROS, and 
U.S./Japan ASTER Science Team  



Barrier islands are offshore islands made of 

sand that are popular sites for homes and 

other structures.  

The islands are very unstable and subject to 

violent storms that destroy homes and other 

buildings. 

U.S. government policy has promoted the 

development of barrier islands until quite 

recently. 

 

Barrier Islands 



Figure 13.23: Losing ground. This home built on a shifting barrier island will soon be engulfed 
by the sea as the island "migrates" south.  

Courtesy of Richard B. Mieremet, Senior Advisor, NOAA OSDIA  



Beaches are ever-
changing and rely on 
sediment eroded from 
the land to replenish 
sand lost by coastal 
currents.  

      

Dams often trap the 
sediment and rob 
beaches of their natural 
replenishing sand. 

 
 

Coastal Beaches 

Figure 13.22B: Longshore currents are 
formed by offshore oblique winds and 

waves.  



Coastal Beaches 

Protecting coastlines may require measures 

to ensure a steady stream of sediment from 

rivers and a hands-off policy toward building 

levees to prevent beach erosion. 



 Rivers are a source of recreation, but they provide 
many other benefits.  

 

 Unfortunately, for many years people have viewed 
them solely as a valuable source of water that should 
be dammed. 

 

 Many rivers or segments of rivers in the United 
States have been protected from development by the 
Wild and Scenic Rivers Act.  

 

 Designating a river for protection is often fraught with 
controversy. 

 

Wild and Scenic Rivers 



Fortunately, in the United States, the demand 

for new water projects has declined. 

 

This is largely because of: 

 a cutback in federal subsidies for such projects  

 the realization that alternative sources of water, 

such as water conservation, are far cheaper and 

much better from an environmental perspective. 

 

Wild and Scenic Rivers 


