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Chapter 4  Surface Processes

Learning Outcomes
In this section, you will

• Model how the surfaces of the 
oceans interact with winds.

• Model ocean waves and their 
interaction with coasts.

• Apply ideas about balance in 
systems to coastal areas.

Think About It
Coasts are the narrow zones where Earth’s vast oceans meet 
the edges of continents. Coastal regions extend for hundreds 
of thousands of kilometers. They are dynamic places where the 
hydrosphere, atmosphere, geosphere, and biosphere interact. 
• Are all coasts the same? If not, how are they different?
• What kinds of processes shape coastal regions?
• How can you tell which processes are doing the most work 

in a coastal region?
Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group and 
the class.

Investigate
In this Investigate, you will explore some of the basic properties 
of ocean waves. You will do this by generating waves in water 
and studying their behavior. After this, you will run a model 
that explores what happens to ocean waves when they meet a 
shoreline. You will then explore what happens to waves as they 
approach an irregular coastline with headlands and bays. Finally, 
you will run a model that explores deposition along a straight 
section of coast.

Section 10 Coastal Processes
What Do You See?
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Part A: Waves

 1. Imagine the ocean on a calm day. 

a) Draw a profile of the ocean that 
shows how its water moves, under 
these calm conditions, from the 
surface downward. 

 2. Imagine wind blowing across the ocean 
surface and forming waves. 

a) Draw a second profile that shows 
how ocean water moves under these 
windy conditions.

 3. With your group, you are going to use 
a model of ocean waves to test your 
ideas. Begin by placing a stream table 
securely on a desk. Add 4 L of water. 

 4. You are going to create waves that 
move from one end of the stream table 
to the other by:

• dropping a penny from 5 cm.
• blowing on the surface.
•  gently waving a ruler attached to 

a transparency (referred to as a 
“swasher”) back and forth at 
the surface.

 5. Practice each of these wave-
generating methods in the stream 
table. Observe their outcomes closely. 
Carefully observe what happens 
when the waves hit the walls of
the stream table. 

 6. Earlier in EarthComm, you explored 
the behavior of seismic waves. 

a) What connections can you make 
between what you learned and 
your wave model?

 7. To help you detect motion below the 
surface, place a marble on the floor of 
the stream table, as close to the center 
as possible. Place a float at the surface 
above the marble to help you detect 
motion at the surface. You can use 
a piece of cork as a float.

a) For each of the three methods 
(penny, blowing, and swasher), 
predict what you think will happen 
to the marble and the cork.

 8. Model waves using all three methods. 

a) Record your observations in a table.

 9. Compare your predictions to 
your results. 

a) Explain any differences.

 10. Share your findings with other groups. 

a) What is the main difference between 
the waves generated by blowing and 
those generated by the swasher?

Part B: Waves at the Shore

 1. You will run a model that looks at the 
effects of a shallow beach on advancing 
waves. Work with your group to set up 
your model according to the diagram. 

 2. Place a stream table on a flat surface. 
Measure a distance of 20 cm from one 
end of the tray. Use sand to build a 
slope from this point and extending 
about 10 cm toward the other end 
of the tray. Build a shore from the 
20 cm point and extending to the 
other end of the tray. Build the shore 
with a thickness of 2.5 cm. 

 3. Gradually add water to the sediment-
free end of the tray until it covers the 
sediments by about 1 cm. Use a ruler 
to smooth out the profile.
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a) Predict what will happen as a wave 
moves from the open ocean to the 
shore. Show your prediction by 
drawing the shape of the wave 
from above and from the side. 

 4. Generate waves by moving a swasher 
through the sediment-free end of the 
tray. Hold the swasher at about 70° to 
the base of the tray and move it slowly 
through the water to make a single 
wave. Make waves one at a time and 
allow the water to come to rest between 
each wave. Do not be too vigorous. 

a) In a table, record your observations 
for each wave. Once you think that 
have made enough observations, stop 
making waves.

b) Copy the diagram of the model into 
your log. On the diagram, draw what 
happens to a wave as it travels from 
deeper water to shallower water at 
the shore.

Part C: The Interactions of Waves With 
Irregular Coasts 

 1. You will run a model that 
explores what happens to 
waves as they approach a 
coastline with headlands and 
bays. Work with your group to 
set up your model according 
to the diagram. Be sure you 
complete the following: 

•  Fill one end of a stream 
table with damp sand and 
make an irregular coastline 
consisting of a headland and 
two bays.

•  The coastline consists of 
cliffs made of only one kind 
of rock. Use one color of 
sand to represent these cliffs. 

•  Build a beach in front of 
the cliffs using sand of a 
different color. The two 

colors will help you to distinguish 
between different parts of the model.

•  Use a spoon to shape the headland 
and bays.

 2. Gradually add water to the tray until it 
fills to a depth of around 3 cm. Make 
sure that the water level is about 1 cm 
lower than the top of the cliffs. Wait 
a few minutes to allow water to seep 
into the sand and then top up the water 
to its original height. If your sea is too 
high, remove excess water with a cup 
and keep adjusting it until the height 
is correct. 

 3. Assign the roles of wave maker, wave 
counter, sketcher, and recorder to 
members of your group. The wave 
maker will generate a single wave while 
the counter calls its number. The group 
observes the wave and its effects. 

a) As you observe each wave and its 
effects, describe what you are seeing. 
The sketcher will draw how the 
model coastline changes while the 
recorder writes a description in 
a table. 
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 4. Apply what you have previously 
learned about waves to predict 
the outcome of the model. Think 
specifically about what happens 
to the speed of a wave as it travels from 
deeper water to shallower water. Think 
about what happens to seismic waves as 
they pass between different materials 
inside Earth. 

a) Apply this understanding to your 
prediction. Draw diagrams that show 
your predictions. Show what happens 
to both the waves and the sediments 
along the shore.

 5. Run your model. Generate 20 to
30 waves. Make sure the waves 
are consistent with each other. 

a) Record your observations.

b) Compare your predictions to your 
results. Explain any differences.

 6. Share your findings with other groups.

a) What generalizations can you make 
about the erosion of irregular coasts?

Part D: The Interactions of Waves With 
Regular Coasts

 1. You will now run a model that explores 
deposition along a straight section 
of coast when the dominant wave 
direction is at an angle to the shore. 
Work with your group to set up your 
model according to the diagram. Be 
sure to complete the following: 

•  Build a sandy shoreline along one side 
of the stream table with damp sand. 

•  Use a ruler to make a profile that 
slopes downward into the ocean. 

•  Use different colored sand to make 
a patch that is perpendicular to the 
shore and about 3–5 mm thick. This 
will help you to detect movement in 
this part of the model.

 2. Gradually add water to the tray until 
it fills to a depth of about 2 cm. Make 
sure that the water level is about 2 cm 
below the top of the beach so that a 
strip of beach remains above the water. 
Wait a few minutes to allow water to 
seep into the sand and then top up the 
water to its original height. If your sea 
is too high, remove excess water with 
a cup and keep adjusting it until the 
height is correct. 

 3. Reassign the roles of wave maker, 
wave counter, sketcher, and recorder 
to different members of the group. 

 4. Apply what you have previously learned 
about waves to predict the outcome 
of the model. 

a) Draw diagrams that show your 
predictions. Show what happens to 
both the waves and the sediments 
along the shore.
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 5. Run your model. Make sure you 
generate waves at an angle to the shore. 

a) Record this angle.

b) Record your observations.

c) Compare your predictions to your 
results. Explain any differences.

 6. Share your findings with other groups.

a) What generalizations can you make 
about the erosion of regular coasts?

COASTAL EROSION AND DEPOSITION

Ocean Waves 

In the Investigate, you generated waves and explored how they do work 
on coastlines. At any time, the oceans have a crisscross pattern of waves 
traveling on their surfaces. Ocean waves result from the friction between 
winds and the ocean surface. On a windless day, the ocean surface 
can appear glassy and still. However, even water has enough surface 
roughness to generate friction against a moving airflow. The fact that 
water is a very mobile fluid can be seen by the way the ocean surface 
undulates in response to turbulent winds that pass over them.

  Figure 1 This picture, taken from space, easily shows patterns of 
waves traveling toward Baja, Mexico.

Digging Deeper
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At first you might think that waves travel at all depths throughout the 
oceans. However, they are mostly a shallow feature and occur close to 
the surface. As you saw in the Investigate, the windblown waves moved 
the cork floating at the surface but not the marble on the bottom. In 
contrast, the swasher generated deeper motion because it transferred 
energy deeper into the water, moving both objects.

At a glance, it might appear that waves travel and migrate across the 
surface of the oceans. Your Investigate models revealed something 
different. Water within a wave is not really migrating. Instead, it is 
transferring the motion of the wave form. This means that the water 
remains in place after making its oscillation and there is little net 
forward motion.

Figure 2 Sketches of deep and shallow water waves.

You saw how surface waves caused a smaller floating object to move 
back and forth as it slowly traveled toward then away from the center 
of the tub. What is happening is that small particles of water move in 
a circular pattern. The diameter of each of these circular paths decreases 
with depth. (See Figure 2.)

Section 10  Coastal Processes
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Changes in Waves at the Shore 
When a wave that forms in the deep ocean reaches the shallower parts 
of the shore, it changes shape. Its circular pattern becomes flatter and 
elongated. Friction between the wave and the seafloor causes the lower 
part of the movement to slow down. Near the surface, where the friction 
is less, the wave continues forward and its peak rises. The increase in wave 
height makes the wave unstable, and it topples forward up the beach 
as a wall of surf called a breaker. As the breaker collapses, a sheet of 
turbulent water continues forward and flows up the beach. This is known 
as the swash. The surging swash has enough energy to move particles up 
the beach. As the swash loses energy, the backwash retreats and flows 
downslope to return to the ocean. Some of the backwash seeps into the 
permeable beach material. 

Figure 3 Waves change in shape and speed as they approach the shore. 

Wave Action on Headlands
As a wave approaches the coast, the depth of the ocean usually 
decreases. This causes the speed of the wave to decrease. When the 
speed of a wave decreases, the direction it travels also changes. As a 
result, the wave appears to refract, or bend. In the Investigate, you 
saw how waves bend due to the topography of the shore.

Irregular coastlines have protruding parts called headlands. They often 
extend into the ocean from rounded bays called coves. Headlands are 
composed of more resistant rock than bays. The topography of bays is 
usually deeper than that in front of headlands. As a result, waves often 
bend around headlands due to refraction. As the waves break in bays and 

Geo Words
headland: a 
projection of the 
coast into the sea.

cove: an embayment 
on a coastline.
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 Figure 4 Bays and headlands along the Pacific coast of California.

coves, energy is used for erosion and dissipated along the shore. This 
means that coastal erosion is not uniform along the coast. Wave energy 
is concentrated on headlands as the wave directions converge. In bays 
diverging wave directions reduce wave energy. As a result, erosion is less 
in bays. Because there is less energy, sediments are deposited in the bays. 
The net effect of greater erosion on the headlands and deposition in the 
bays is a straightening of coastlines because of wave refraction.

Figure 5 Wave energy is concentrated on headlands because waves bend as they 
change speed in shallower waters near the shore.

Section 10  Coastal Processes

EC_Natl_SE_C4.indd   485 7/12/11   9:55:36 AM



EarthComm
486

Chapter 4  Surface Processes

Waves and Sediments
There are several factors that can affect the erosion of a coast. One 
factor is the supply of sediments. Another is the ability of currents 
and waves to cause erosion. Both of these are important factors in the 
evolution of coasts. Rivers flow from the coastal mountain ranges of 
North America to the coasts. They transport 600 m3 of sediment every 
day to the coasts. Powerful currents flow along the Pacific coast of 
California. They are strong enough to move boulders 0.6 m in diameter. 
These currents are like a super highway for sediment transport along 
coasts. When sediments are moved into shallower waters, the activity 
of waves becomes increasingly important. 

Longshore Drift 
As waves enter shallower waters at the shore, they slow down. As a result, 
they are refracted and bend toward the shore. The breaking waves move 
material up and across the beach. As waves retreat, material is then moved 
back toward incoming waves. In your model, you saw how waves interact 
with the slope of a beach to move material along the beach. Did you 
notice that the material is pushed up the beach at one angle but returns 
straight down the beach at a different angle? Material moving down the 
beach profile behaves like all slope deposits and moves down the slope 
and perpendicular to the coast. Material that is returned to the surf zone 
then moves up the beach once more only to return back in the same way 
as before. Sand moves down the beach in a zigzag pattern. Over time, this 
process is effective in moving large amounts of sediments from one end of 
the beach to another. This process is called longshore drift.

 Figure 6 
Bending waves 
and gravity are 
two key factors 
in generating 
longshore drift 
on straight 
beaches.

Geo Words
longshore drift: 
process in which 
sediments move 
along the coast in a 
zigzag pattern caused 
by the swash and 
backwash of waves 
that move obliquely 
to the shore.
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Coastal Erosion 
The shapes of coastlines give evidence for the processes that form them. 
Coasts that are dominated by erosion tend to be rugged and have steep 
cliffs. This type of coast is common at the edge of a continental plate, 
such as the Pacific coast of North America. Sea cliffs are sheer faces of 
rock that meet the sea. Waves erode the bases of cliffs, and over time, 
cut notches into them. When sea level falls, these notches become 
stranded. These landforms indicate the former height of the sea. 

  Figure 7 The horizontal surface extending from the cliff in this 
photograph is a wave-cut platform. It was created as waves cut
notches into the cliff and the progressive collapse of the cliff, 
causing it to retreat inland.

Erosion of headlands can lead to the development of caves. When waves 
break against cliffs, the impact of the water generates high pressures 
that through time can weaken rocks. The roofs of enlarged caves often 
fail, resulting in the isolation of sea stacks separated from the coast. The 
evolution of coastal landforms that result from erosion are shown in the 
following figures. The rate at which coasts erode is controlled by the 
geology and oceans. Scientists have calculated that almost 90 percent 
of California’s coast is retreating at an average rate of between 15 and 
75 cm per year. Specific sections of the coast, such as Monterrey Bay, are 
being eroded at up to 3 m per year. 

Figure 8 The power of the sea is 
concentrated between the high-
tide level and the low-tide level. 
The overhanging notch cut at the 
bottom of the cliff in this 
photograph indicates the 
level of high tide.

Section 10  Coastal Processes

Geo Words
sea stack: a small rock 
pillar island that has 
been cut off from 
the coast by wave 
erosion. 
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  Figure 9 Coastal erosion on either side of a headland has produced an arch from 
what was once a cave.

 Figure 10 The collapse of an arch leaves an isolated sea stack.

Coastal Deposition
Beaches are the most common type of deposit along coasts. Beaches are 
places where sediments are continuously being moved by the action of 
waves and currents. Sediments on beaches are heavily abraded. They are 
mostly dominated by sand-sized grains of quartz or carbonate minerals. In 
some volcanic areas, such as Iceland and Hawaii, beaches are formed from 
the darker minerals of igneous rocks and consist of black sands. Some 
beaches consist of pebbles, or even boulders of resistant rocks. Many 
coastlines have no beach at all. Rocks cover the near-shore area. Beaches 
act as barriers that protect the coast. They absorb the energy of waves 
hitting the shore. The beach zone varies from about 5 m above high tide 
to 10 m below low tide, depending on the shoreline. Some beaches are 
stable and remain year-round, while others are seasonal. 
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 Figure 11 Iceland sits on top of the mid-Atlantic Ridge. Its black sandy beaches are 
made of particles worn from basalt and other dark igneous rocks.

Deposition at the coast typically produces gentle relief where materials 
are moved by waves onto the shoreline. In quieter tectonic settings, such 
as the southeastern coast of North America, which trails the northwest-
moving plate, deposition is evident. Along the coast you can see barrier 
spits that are deposited out from the coast by longshore drift. When a 
spit grows across a bay it is called a barrier island. It cuts off the interior 
from the ocean. Where this happens, the inland side is called a lagoon. 
A lagoon can slowly fill with sediments from inland streams. 

  Figure 12 Taken from the space shuttle, this image shows the development 
of a long barrier spit off the coast of Texas.

Geo Words
barrier island: an 
elongate island or 
chain of islands that 
extend parallel to 
the coast formed by 
coastal deposition. 

lagoon: a long 
and narrow body 
of shallow water 
enclosed between 
the mainland and a 
barrier off the shore.

Section 10  Coastal Processes
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Figure 13 Steep rocky cliffs on the Pacific coast as shown here contrast the low and 
sandy barrier islands on most of the Atlantic coast. Both landforms tell us something 
about how coastal systems work.

Emerging and Submerging Coastlines
Coastlines reflect a balance between processes in the geosphere and in 
the hydrosphere. Over time, the action of the sea gradually straightens 
coastlines by filling bays with sediments and eroding headlands. Features 
such as wave-cut platforms (similar to staircases) and sea cliffs are 
indicators of emergent coastlines. The shape of emergent coastlines 
depends on the gradient of the coastal slopes. Steep slopes often produce 
cliffs which are attacked to form headlands and bays. More gently angled 
coastlines are submerged to form wide and straight coastal plains.

  Figure 14 The rocky shore of Acadia National Park in Maine rises from the ocean.

Geo Words
emergent coastline: a 
coast that is gradually 
rising relative to the 
sea due to either a 
fall in the sea level or 
a rise in the land. 
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One reason that emergent coastlines develop is because the land rises. 
In some settings, the land rises because of tectonic processes that push 
the crust upwards. In other places, land rises because of melting glaciers. 
When glaciers cover the land, they depress the crust. Upon melting, the 
crust rebounds upward. 

Emergent coastlines also develop because sea level falls. Sea level can fall 
because of changes in the volume of ice stored in glaciers. During glacial 
periods on Earth, sea level has fallen by as much as 140 m (relative to 
today). This happens as water is locked up as ice on the continents and 
prevented from flowing to the oceans. 

Coastlines that are being drowned by the sea are called submergent 
coastlines. They also reflect the balance between the level of the sea and 
coast. Most are formed where sea level rises as a result of the melting 
of large glaciers that cover the continents, as happens at the end of 
glacial periods. Subsidence of the crust, for example due to sediment 
loading, will also cause the relative height of the sea to rise. Submergent 
coastlines are often indicated by growth in estuaries and encroachment 
of salt water upstream into parts of lowland drainage. As coasts are 
submerged, remnants of former headlands become increasingly isolated 
as sea stacks. Most of the eastern United States has submergent 
coastlines. The Chesapeake Bay is one example. 

  Figure 15 The ancestral Hudson River drainage system in New York 
has been drowned by the rising sea.

Checking Up
1. What generates 

ocean waves?

2. What pattern do 
particles moving 
by longshore drift 
make?

3. How do emergent 
and submergent 
coastlines differ?

4. What are sea 
stacks?

Geo Words
submergent coastline: 
a coast that is slowly 
being drowned by 
sea due to the land 
sinking or sea level 
rising. 
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Think About It Again
At the beginning of this section, you were asked the following:

• Are all coasts the same? If not, how are they different?

• What kinds of processes shape coastal regions?

• How can you tell which processes are doing the most work in a coastal region?

Record your ideas about these questions now. Apply what you learned about how 
coastlines are eroded and how sediment is deposited along coastlines. 

Reflecting on the Section and the Challenge
In this section, you learned how coasts are dynamic environments. The oceans and winds 
interact with the rocks and sediments of the geosphere. Coastlines are affected by the 
supply of sediments from the continents. They are also affected by their shape and the 
directions of waves. There are several factors you need to consider when planning new 
development in coastal areas. First, you need to assess the balance between sea-level 
change and uplift or subsidence. Erosion and deposition must also be taken into account. 
An evaluation of the geology of coastal environments will be important as you work on 
your Chapter Challenge.

Understanding and Applying

 1. How do waves in the ocean form and break? 

 2. Why is wave energy concentrated on headlands and dispersed in bays? 

 3. What factors control whether beaches are dominated by erosion or deposition?

 4. Why does longshore drift occur? Why is longshore drift important?

 5. Describe the coastal geology in the following photographs. 
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 6. How are coastal processes connected to: 

a) The rock cycle

b)  The movement of lithospheric plates

c) River systems 

d) Mountainous areas

 7. Preparing for the Chapter Challenge

As you read in this section, waves do a lot of work on coastlines. Write a paragraph 
in which you describe the features of coastlines dominated by erosion and those of 
coastlines dominated by deposition. Explain how these features are formed. Also 
describe the difference between an emergent and a submergent coastline. Apply these 
ideas to your evaluation of your Olympic Games sites.

Inquiring Further
 1. Plate tectonics and the coasts

Compare the coastal settings of the east and west coasts of North America. How do 
their tectonic positions after their characteristics? What other factors have affected 
each coast?

 2. Changing sea level and the coasts

Almost all coasts have been affected by changes in sea level over time. Have you ever 
wondered what the baseline for sea level is or how sea level is measured? Find out more 
by visiting the EarthComm Web site at http://www.agiweb.org/education/earthcomm2/.

 3. Coastal processes

Use an Earth imaging program on the Internet to find coasts where each of the 
following processes is dominant. For each location copy the image and provide 
annotations along with the name, longitude, and latitude.
• stream erosion
• stream deposition
• marine erosion 
• marine deposition
• glacial erosion
• reef growth

 4. Coastal hazards

On coasts where erosion works at a faster rate than deposition, engineering geologists 
often intervene to stabilize coasts. Find out about coastal hazards and engineering 
practices to change coastal erosion or coastal sediment transport, such as building 
breakwaters and concrete barriers. 

Section 10  Coastal Processes
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