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Chapter 4  Surface Processes

Learning Outcomes
In this section, you will

• Interpret topographic maps to 
identify large and small streams 
within your community. 

• Explore the nature of a 
drainage basin. 

• Analyze maps to identify the 
drainage basin in which your 
community is located. 

• Evaluate important interactions 
between communities and river 
systems.

Think About It
Look at the system of veins on a leaf. Pick a spot on a small vein 
near the edge of the leaf. Trace the vein until it joins the stem. 
Repeat this for another spot on the other side of the leaf. 

•   How is the system of veins on a leaf similar to and different 
from the system of streams and rivers that carry water into a 
larger river, like the Mississippi? 

Record your ideas about this question in your Geo log. Include 
a quick sketch. Be prepared to discuss your responses with your 
small group and the class.

Investigate
In this Investigate, you will explore the factors that affect 
stream drainage.

Part A: Local Stream Drainage

 1. Use a topographic map of your community for the following 
exercises. (See the example on the next page.) If you do not 
have a river or stream in your community, use a topographic 
map from a nearby community. Find a stream on the map that 
flows into or joins another stream. 

What Do You See?

Section 2 Rivers and Drainage Basins
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a) What do you notice about its
size relative to the stream that 
it flows into? 

b) In which compass direction does 
it flow? 

c)  Describe how the relative sizes of 
streams can be used to determine the 
direction in which a stream flows. 

d)  Contour lines on a topographic 
map show elevation above sea level. 
What is the highest elevation along 
the course of the stream you chose? 
What is the lowest elevation? Record 
these values in your log. 

e) How can you use contour lines to 
determine the direction in which a 
stream flows? 

 2. Use a photocopy of the topographic 
map (or a clear overlay) to show the 
range of stream sizes located in your 
community. 

a)  Trace the pattern of streams on a copy 
of the map or on the clear overlay. 
Devise a way to show small streams, 
medium streams, and large streams. 
Be prepared to explain your drawing. 

b) Count the number of streams of 
each size. Make a data table for 
your results. 

c) Describe one or two relationships 
between smaller streams and 
larger streams. 

d)  Write a paragraph describing the 
pattern that is formed by the rivers 
and streams in your community. 

e)  Exchange your drawing and 
explanation with another group. In 
your log, explain any similarities and 
differences that you notice.

Part B: Regional Stream Drainage

 1. Depending upon the region where 
you live, you will need some of the 
following materials: topographic maps 
(community and/or state), road maps 
or road atlases (your state and the 
United States), and a satellite image of 
the United States. A relief map of your 
state or region might be helpful as well. 
Be prepared to share these resources 
with other groups. Look at the local 
topographic map. Find your school or a 
familiar landmark on the map. Imagine 
a rainstorm at your school. Consider 
the rainwater that does not evaporate, 
soak into the soil, or get swallowed by 
a thirsty animal. 
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a)  On a copy of the topographic map 
or on a clear overlay, trace the path 
of a drop of water that falls on your 
school as it flows downhill from 
your school to the nearest stream. 
Keep in mind that water that falls 
on the ground follows a path that is 
downhill and always perpendicular 
to the contour lines. Where would 
a drop of water that fell on your 
school leave your community (or go 
off the map)?

 2. Working with your group, figure out a 
way to outline boundaries of the area 
that drains into the stream you have 
chosen. Use either a photocopy of the 
map, a sheet of tracing paper, or a clear 
overlay. The area you have drawn is 
called a drainage basin.

a)  In your own words, summarize the 
meaning of a drainage basin. 

 3. Work with the local topographic 
map and maps that show elevation 
of larger regions. 

a)  Locate where the rainwater that 
fell on your school flowed out of 
your community (or off the local 
topographic map). Follow the path 
of the water farther downstream. 
Name several cities that the 
rainwater passes. 

b)  What is the ultimate destination of 
the rainwater that landed on your 
school? Explain how you know. 

c)  From what you have explored so far, 
explain why pollution that enters a 
stream near your school can affect a 
community many miles away within 
the same river system.
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RIVER SYSTEMS
Parts of a River System
In the Investigate, you explored the factors that affect the ways in which 
river water flows through a drainage basin. A river system is a network 
of streams. These streams drain the surface water off a continent or part 
of a continent. River systems are an essential part of the hydrologic cycle. 
They transfer billions of cubic liters of water from upland areas to the 
ocean. A river system has three parts: a tributary system, a trunk stream, 
and a distributary system.

•  A tributary system consists of many small streams. These streams flow 
together into slightly larger streams, which flow into larger streams, 
and then into even larger streams. (See Figure 1.) Tributary systems are 
commonly found in mountainous areas.

  Figure 1 Map of a tributary system. How many tributary streams are shown in 
this map?

Geo Words
tributary system: a 
group of streams that 
contribute water to 
another stream.

Digging Deeper
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•  A trunk stream is a major river fed by a small number of fairly large 
tributaries. (See Figure 2.) The word “trunk” is used because of the 
tree-like drainage pattern. 

 Figure 2 A trunk stream is fed by many smaller streams.

•  A distributary system is found near the end of a main river. It consists 
of a number of small channels that branch off from the main river. 
Distributaries deposit undissolved materials in the ocean. They also 
carry dissolved materials into the ocean. (See Figure 3.)

  Figure 3 The Mississippi carries a large amount of sediment and dissolved material 
into the Gulf of Mexico.

Geo Words
trunk stream: a 
major river, fed by 
a number of fairly 
large tributaries; the 
main stream in a river 
system.

distributary system: 
an outflowing branch 
of a river, such as 
what characteristically 
occurs on a delta (a 
landform that forms 
at the mouth of a 
river).
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All parts of all river systems have one thing in common. The water flows 
downhill. Rain that falls in the United States flows down to the Atlantic 
Ocean, the Gulf of Mexico, the Gulf of California (a part of the Pacific 
Ocean), or the Pacific Ocean. There are two exceptions. In northern 
Alaska, water flows into the Arctic Ocean, and in some areas of the 
western United States, rivers flow into large depressions rather than into 
oceans. Some of the depressions are below sea level. For example, Death 
Valley is more than 60 m (200 ft) below sea level.

A drainage basin is the area from which all of the rain that falls eventually 
flows to the same final destination. A drainage basin is also called a 
watershed. The final destination of all watersheds is usually the ocean. 
In the United States, there are drainage systems of different sizes. (See 
Figure 4.) In the Northeast, the largest drainage basins are the Hudson, 
Connecticut, Delaware, and Potomac river systems. However, even 
these are relatively small. The southeastern part of the United States 
is dominated by rivers that flow to the east and south off the high 
Appalachian Mountains. Some of these, such as the Savannah River, flow 
into the Atlantic Ocean. Others, such as the Apalachicola River, flow into 
the Gulf of Mexico.

Figure 4 Map of the United States showing the major river systems with the 
Continental Divide.

The largest river system in the United States is the Mississippi River. It 
enters the Gulf of Mexico downstream of New Orleans, Louisiana. It does 
so after it collects water from a huge area of the midsection of North 
America. One of its giant tributaries is the Ohio River. Tributaries of

Geo Words
drainage basin (or 
watershed): the area 
from which all of 
the rain that falls 
eventually flows 
to the same final 
destination, usually 
the ocean.
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the Ohio include the Tennessee, the Allegheny, as well as many other 
large rivers. Many other branches that flow into the Mississippi River 
serve as tributaries as well.

Drainage Divides
Hilltops and mountains serve as boundaries between drainage basins. 
These boundaries are called drainage divides. Water falling on one side of 
a divide flows into one river system. Water falling on the other side of the 
divide flows into a different river system. In this way, raindrops that fall 
within inches of each other on a mountaintop can end up thousands of 
miles away from each other. There are divides between streams of all sizes 
within a river system. Any hilltop or ridge causes some rainfall to flow in 
one direction and some to flow in another direction. However, in some 
cases, the rainfall might flow into two different tributaries that eventually 
end up in the same larger stream. The Continental Divide stretches north 
to south through the mountainous areas of the western United States. 
It separates the United States into two major drainage systems. One 
drainage system empties into the Pacific Ocean. The other empties into 
the Gulf of Mexico. (See Figure 4 on the previous page.)

River Systems and Settlement Development
Why are river systems important? Humans use river systems in many ways. 
Rivers provide a source of drinking water. They are used for domestic 
and industrial purposes, and for irrigation of farmlands. They are also 
used to wash away waste product. For example, chemicals from industrial 
processes and treated sewage are dumped into rivers. Throughout history, 
rivers have served as both giant water faucets and giant sewers. This is not 
a good combination. As recently as the late 1960s, several major cities in 
the United States allowed human waste to enter large rivers. This was part 
of their waste-disposal system. From local to national scales, communities 
have recognized the problems with this. They have worked to limit the use 
of rivers as waste-disposal systems. However, accidental spills of industrial 
and human waste continue to happen every year.

 Figure 5 A barge transporting materials down a river.

Geo Words
drainage divide: the 
boundary between 
adjacent drainage 
basins.
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People use river systems for transportation. River transportation is 
relatively cheap. Barges that carry materials, such as gravel and coal, 
move up and down the river systems of the United States. This is the 
case in the eastern and midwestern parts of the United States. In 
the northern United States, the St. Lawrence River flows from Lake 
Ontario into the Atlantic Ocean. A system of canals connects the Great 
Lakes to the St. Lawrence River. This makes it possible for goods to be 
shipped from inland ports like Duluth, Minnesota, Chicago, Illinois, and 
Detroit, Michigan, to the Atlantic Ocean. From there the goods can be 
transported to ports worldwide.

 
 Figure 6 This dam literally “stops up” the flow of the river water, generating 
electricity in the process.

Rivers provide power. Since colonial times, Americans have used this 
power. In the 1700s and 1800s, Americans used the energy of flowing 
water to move waterwheels. The waterwheels powered mills for cutting 
wood and grinding corn and wheat. In the twentieth century, dams 
and hydroelectric power plants were built along rivers. A dam causes 
an artificial lake to form. Some of the water runs through openings, or 
conduits, in the dam. As the water moves down through the conduits, 
it turns the blades of turbines. The mechanical energy of the falling 
water is converted into electrical energy. Hydroelectric power plants are 
common in the United States. The United States has made use of much 
of its potential hydroelectric power.

Dams are also used to control water flow. This can reduce the impact 
of flooding. To do this, the operators of the dam drop the level of the 
water behind the dam during dry periods. This makes room for storage 
of water during heavy rains. The water held by dams can supply water 
to cities for domestic use. In agricultural areas the water can also be 
used for irrigation. However, dams disrupt the natural flow of rivers. This 
results in a disruption of the river’s natural ecosystems. It is important to 
understand the negative as well as the positive aspects of dams.
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Figure 7 A by-product of dams is lake formation.

Rivers also provide recreation. People are awed by waterfalls. They 
love the sound of rushing mountain streams, and they can go rafting, 
canoeing, or kayaking in a swift-flowing river. They can also enjoy a boat 
ride or a picnic on a riverbank. Millions of Americans swim, fish, and boat 
in rivers and in the lakes created by dams along rivers.

Figure 8 Recreational uses of rivers include swimming, boating, and fishing.
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In addition to providing humans with water, waste disposal, power, and 
fun, rivers change the surface of Earth. Water moving downhill toward 
the ocean erodes bits of soil and rock. It carries these bits downstream 
toward the coast. The process of picking up and transporting loose soil 
and rock lowers the level of mountains. It is one process that gives Earth’s 
surface its shape. In deserts, where water is scarce, streams that flow 
after infrequent rainstorms are important in shaping the landscape. 
This is because there is little vegetation to hold the soil in place.

 Figure 9 This desert landscape shows how rivers shape the land.

Geo Words
erode: to wear away 
soil and rock by the 
action of streams, 
glaciers, waves, wind, 
and underground 
water.

Checking Up
1. Describe the three 

main parts of a 
river system. 

2. What is a drainage 
divide? 

3. Describe at least 
one benefit and 
one drawback to 
building a dam on 
a river.
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Think About It Again
At the beginning of this section, you were asked the following:

•  How is the system of veins on a leaf similar to and different from the system of streams 
and rivers that carry water into a larger river, like the Mississippi? 

Record your ideas about this question now. Use your analyses of drainage patterns to help 
with your explanation.

Reflecting on the Section and the Challenge
In this section, using different kinds of maps, you found streams of different sizes in 
your community and traced the water flow from higher to lower elevations. Knowing the 
geology over which the water in your community flows, and how it changes both its own 
composition and the land features, can help you figure out the boundaries of river systems 
and sources of streamflow. This information will help you determine how parts of Earth’s 
surface are affected by upstream and downstream environments. Think about these 
connections as you work on the Chapter Challenge.

Understanding and Applying

 1. Describe the drainage basin in which your community is located. 

 2. How is your local river system part of a larger drainage basin in the United States? 

 3. Sketch a diagram showing the aerial or map view of your concept of a river system 
and how it changes from upstream to downstream. On the diagram, mark where your 
community fits in. 

 4. Examine a copy of the 
topographic map shown. 

a)  On a copy of the map 
provided by your 
teacher, draw arrows 
along the streams to 
show the direction of 
flow. Explain the
reasons for the 
direction you drew 
the arrows. 

b)  Draw the drainage 
divide shown on 
the map.
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 5. Preparing for the Chapter Challenge

Think about the interconnections within a drainage system. Describe your regional 
drainage in terms of the connections between smaller and larger streams. Brainstorm 
with members of your group to make a concept map that shows the different parts 
of your local drainage system. Start thinking about how river systems play a role in 
landscape development. Consider how rivers might affect your Florida and Alaska 
Olympic Games sites. Go to the EarthComm Web site at http://www.agiweb.org/
education/earthcomm2/ for resources to help you explore surface drainage in each 
of these states. Compare the drainage patterns of the two states.

Inquiring Further
 1. Water quality in your community river system 

If water quality is a big issue in your community, do some in-depth research on the 
causes of the water-quality problems, the effects on your community, and the solutions 
that have been proposed to address the problems. 

• What are some of the different strategies being suggested to improve water quality? 
•  What are the pros and cons of the different strategies? What course of action do 

you recommend? 

 2. River pollution and ecosystems 

How does water pollution affect ecosystems that depend on the river? Research a 
particular ecosystem in your community that has been affected by water pollution. 
Has anything been done to address the problem? What do you suggest? 

 3. Dams and river systems 

Research the controversies surrounding one of the following dams, some of which have 
been removed, some of which are scheduled to be removed, and some of which are still 
being debated. Include reasons for and against removal of the dam. 

• Edwards Dam, Kennebec River, Maine 
• Quaker Neck Dam, Neuse River, North Carolina 
• Kirkpatrick Dam (also known as Rodman Dam), St. Johns River, Florida 
• Glen Canyon Dam, Colorado River, Arizona 
• Lower Granite Dam, Snake River, Idaho 
• Elwha Dam and Glines Canyon Dam, Elwha River, Washington 

 4. Local river systems and wastewater treatment 

• Where does the sewage from your community go? 
• Does sewage from your community enter the river system before or after treatment? 
• Which communities downstream would this affect? 
•  What would happen to the drainage system and sewage system if it rained 10 cm or 

more in one day? 
•  Are there any communities upstream of your community that might put sewage or 

pollutants into your river system? If so, what are they? 

Go to the EarthComm Web site at http://www.agiweb.org/education/earthcomm2/ 
for assistance with Inquiring Further research.
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