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Soils that contain many rocks 
and large boulders may be 
expensive to dig out for 
development.

Section 9  Wind and the Landscape

Learning Outcomes
In this section, you will

• Model wind erosion, transport, 
and deposition.

• Identify the locations of Earth’s 
wind-dominated landscapes.

•  Explain how wind erosion 
involves the interaction of 
Earth’s different spheres.

Think About It
Weathering breaks down surface rocks into smaller pieces that 
are removed by processes of erosion. In some places, wind is very 
effective in moving sediment particles. 

• How do particles move in flowing air?

• How does wind affect the landscape?

•  Where on Earth do you think wind affects the landscape most? 
Explain your answer.

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 form a hypothesis and design your 
own experiment that examines the effects of wind on loose 
sediment. You will then look at the relationship between wind 
speed and particle size. Next, you will examine the effects of 
windblown sand on rock. Finally, you will consider how 
sediment that has been carried by wind is deposited.

Section 9 Wind and the Landscape
What Do You See?
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Chapter 4  Surface Processes

Part A: How Wind Moves Particles

 1. Following is a list of factors that affect 
the motion of windblown sand. With 
your group, choose one factor to 
investigate. You will be investigating 
how that factor affects the erosion of 
a patch of sediment by wind.
• wind velocity
• sediment size
• shape of sediment patch
• impacts by falling particles of 

different sizes
• vegetation
• dry versus damp sediment

a) Record the factor you chose.

 2. Design an experiment to investigate 
the affect of that factor. Consider the 
following when designing and running 
your experiment:
• Look over the list of materials 

available to you. Select the materials 
you will need.

• Develop a hypothesis and a prediction.
• Cover your workspace with a large 

sheet of white paper, to avoid 
sample loss.

• Select the best position of the fan so 
that it provides good airflow.

• Identify the best position to observe 
sediments, both moving and 
stationary sediments.

• Put the sediments through a sieve to 
separate out different sized grains.

• Weigh sediments to determine how 
much has been eroded or deposited.

• Select the number of tests you will run.
• Identify the number of factors that 

are variable.
• Draw conclusions from the results of 

your experiment. 

a) Outline the steps of your experiment.

Wear goggles at all times for safety.

 3. After your teacher approves your 
outline, do a preliminary test of 
your experiment to explore its likely 
outcomes. This will help you refine 
your plan. During this stage, develop 
the hypothesis you will be making. 

a) Record your findings.

 4. Draw a diagram that shows the setup 
of your experiment. 

a) Write a list of steps that you 
will follow. 

 5. After your teacher approves your steps, 
run the experiment.

a) Record your observations.

 6. Revisit your hypothesis. 

a) Describe how your observations 
compare to your predictions.

b) Explain your results.

c) Compare your findings to other 
groups. Describe how they are 
similar or how they are different.

 7. Go to the EarthComm Web site at 
http://www.agiweb.org/education/
earthcomm2/. Find the link that 
shows a video of sand erosion in a 
wind tunnel. 

a) Describe how sand grains move in 
the experiment.

b) Having made these new observations 
of moving sand, is there anything 
you would change about your 
experiment? If so, what?

c) State your conclusions about 
windblown sand.
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Part B: Wind Velocity and 
Moving Sediment

 1. The size of grains moved by wind 
depends on wind velocity. Table 1 
shows the relationship between wind 
velocity and particle size.

Table 1: Relationship Between 
Wind Velocity and Particle Size

Maximum Size of 
Moving Grains (mm)

Wind Velocity (km/h)

0.25 16–24

0.5 24–30

0.75 30–35

1.0 35–40

1.5 40–45

a) Graph the data. 

b) Describe the relationship shown 
by the data.

Part C: Abrasion by Windblown Sand

 1. You explored how wind can pick up 
and transport sediment. Now you will 
examine the effects of particles carried 
by wind on rocky material. Your group 
is going to run a model that examines 
the effects of windblown sand on rock. 
Examine a sample of small sandstone 
or limestone pebbles. 

a) In a table, record the characteristics 
of the pebbles. Sketch them or use a 
camera to take a few close-up photos 
of the edges and faces of the pebbles.

 2. Put the pebbles and 50 g of sand in a 
small plastic container. Seal the lid 
with tape.

a) Predict what will occur when you 
shake the container. 

b) Decide upon the length of the test and 
any other refinements you need to 
make. Record these in your Geo log.

c) State your hypothesis.

 3. Take turns vigorously shaking 
the container.

 4. Open the container and examine 
the pebbles. 

a) In your log, record any changes 
you observe.

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

c) State your conclusions.

Part D: Deposition by Wind

 1. In Part A, the movement of windblown 
particles showed you how air moves 
across the surface. In particular, you 
saw that irregular surfaces do not erode 
evenly, and that slopes facing the wind 
are eroded more than slopes that are 
sheltered. You are now going to look at 
how obstacles can affect wind flow and 
the movement of sand grains.

a) In nature, what might obstruct wind 
flow? Discuss your ideas with your 
small group and class.

 2. Lay a large sheet of paper flat on a 
surface. Place a fan so that its air 
flows over the paper. Draw arrows 
on the paper that show the direction 
and strength of the airflow you 
would expect. 
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 3. Arrange five plastic cups on the paper 
to create a pattern of obstacles to the 
airflow over the paper. Using a different 
colored pencil, draw arrows on the sheet 
that show the direction and strength of 
the airflow you would now expect.

a) Compare the two patterns of arrows.

 4. Use tape to attach each cup to the paper. 
Attach 3-cm-long pieces of yarn to the 
tops of 10 toothpicks. Use modeling clay 
to attach each toothpick to the sheet. 
Space the skewers equally over the sheet. 

a) Make a sketch of your experiment.

 5. Turn on the fan. 

a) Record your observations.

 6. Turn off the fan.

 7. Compare your predictions to 
your results. 

a) Explain any differences.

 8. You are now going to determine how 
the pattern of airflow around obstacles 
affects the erosion and deposition of 

windblown sand. To do this, you will 
add sand directly to the flow of air 
from the fan. 

a) Predict what will happen to the sand. 

 9. Mark areas on the sheet where you 
would expect deposition and erosion 
to occur. Include any patterns of 
deposition you expect. 

 10. Turn on the fan. 

 11. Supply a constant stream of sand to the 
airflow in front of the fan. Observe how 
the sand moves. 

 12. Once all of the sand has been added 
and the movement of particles has 
stopped, mark the observed pattern 
of deposition on your sheet.

 13. Compare your predictions to 
your results. 

a) Explain any differences.

b) Briefly describe the relationship 
between airflow, obstacles, and the 
deposition of windblown sand.

WIND EROSION
Movement of Sediment by Wind 

In the Investigate, you found that wind moves sediment in three different 
ways. You observed that the finest particles are lifted from the surface 
and travel in moving air. This type of transport is called suspension. Some 
suspended particles fall back to the surface. Depending on the amount of 
energy, these particles often bounce off the surface, or off other particles, 
and back into the air. This kind of transport is called saltation. Coarse 
grains are often too heavy to move by suspension or saltation. Instead, 
they move forward gradually as a result of the impact of grains bouncing 
against them. The impact of a high-velocity sand grain can move a particle 
6 times its size and 200 times its own weight. This slow type of movement 
is called surface creep. (See Figure 1 on the next page.)

Digging Deeper

Geo Words
suspension: the 
transport of particles 
within the wind 
caused by turbulence.

saltation: the 
downstream 
movement of 
sediment particles 
in a series of hops, 
jumps, and bounces 
from the surface.

surface creep: the 
slow movement of 
larger grains caused 
by the impact of 
saltating grains.
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  Figure 1 The three main ways that wind transports sediment: 
suspension, saltation, and surface creep.

The way particles are captured by wind is quite complex. As wind velocity 
becomes strong enough to move a particle, it begins to rock back and 
forth. The wind may overcome the forces holding the particle to the 
surface. At that point, the particle is suddenly lifted into the air. This 
occurs because the wind creates a strong upward force under the edge 
of the particle. As a result, it rises into the airflow at a steep angle. If the 
wind turbulence is not strong enough to keep the particle in suspension, 
it crashes to the surface. When a falling particle strikes another particle 
on the surface, it transfers energy to that particle. This transfer of energy 
allows the resting particle to lift off. The lift off occurs at a lower wind 
velocity than would normally be needed. The falling particles bounce 
back into the air. They stay in the air until they strike the surface and 
other particles again. These particles may then rise into the airflow. 
In this way, the velocity of airflow and the movement of particles are 
important to the capture of new particles from the surface.

Factors Affecting Wind Erosion
Many factors affect wind erosion. First, as wind velocity (kinetic energy) 
increases, the size of the grain that the wind can move also increases. 
The graph from your experiment demonstrated this relationship. Also, 
you may have observed that a patch of clay-sized grains was less likely to 
move than a similar-sized patch of sand-sized grains. This may not make 
sense to you. The clay is finer than sand and has less mass. However, 
because the surfaces of clay particles are relatively smooth, they do not 
stick up into moving air as much as those of sand. As a result, it takes a 
greater velocity to move clay-sized grains than it does sand-sized grains. 
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Damp sediments behave in a similar way. They are usually much harder 
to erode than dry sediments. Water filling the spaces between the loose 
grains binds them together. Because of this cohesion, it takes a much 
greater wind velocity to move damp grains than it does for dry grains 
of the same size.

Another factor that affects wind erosion 
is plant growth. Plants increases surface 
roughness. This causes a reduction in wind 
velocity. The decrease in wind velocity 
causes sediment to become trapped. 
Removal of vegetation has the opposite 
effect. It greatly increases the chance of 
wind erosion. 

The shape of a sediment patch also has 
an effect on erosion. Sediments packed in 
ridges undergo erosion by grains blowing 
from the slope that faces into the wind 
and from the ridge crest. Grains that are 
deposited behind the ridge and away from 
its shelter are quickly removed. Sediments 
that are flat and thinly spread tend to be 
eroded from the downwind side. That is 
because there is nothing supporting them 
from behind. 

Wind Erosion and Abrasion
In glaciers and streams, erosion only takes place in channels. In contrast, 
wind erosion can work over the entire land surface. However, there are 
very few surface features that are formed just by the action of wind. The 
simplest form of erosion is the blowing away of loose material (rocks and 
sediments) by wind. Sometimes this forms a depression called a deflation 
hollow. In arid regions where there is little soil and vegetation to protect 
the surface, finer material is removed. Bedrock and coarser material 
are left behind. These can form a surface of tightly packed angular and 
rounded grains called a desert pavement. (See Figure 3.)

Figure 3 The wind-polished surface of a desert pavement in Nevada. Winds and 
periodic rains remove any loose sediments from the surface.

Geo Words
deflation hollow: a 
surface depression 
formed by the 
removal of fine-
grained sediments 
by wind erosion.

desert pavement: 
a hardened and 
polished surface 
of interlocking 
sediments formed 
by the wind.

 Figure 2 The wind is deflected by 
patches of vegetation and affects 
deposition on the downwind 
side (White Sands National 
Monument).
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Moving air that carries sediments has a sandblasting effect. This process is 
called abrasion. Over longer periods, abrasion can produce various small-
scale features. These include polishing, pitting, and grooving of rocks. 
The type of feature that forms by abrasion depends on several factors. 
The rock type and the direction of the wind are important factors. The 
hardness, size, and shape of the transported material also affect the type 
of features that are formed. In the Investigate, you observed how larger 
particles in an airflow change shape. The collision of particles transported 
by wind wears away sharp edges and projections. This causes particles to 
become rounder in shape. 

  Figure 4 Notches on the Great Sphinx in Egypt are the result of 
windblown sand blasting the sphinx over time.

Scientists observe the effects of 
windblown sand. They place rods 
made of various types of rocks in 
windy environments. One study was 
conducted in the Mojave Desert of 
North America. In this location, 
scientists recorded how the surfaces 
of the rods of rock changed over a 
period of 10 years. They found that 
90 percent of windblown particles 
travel within 65 cm of the ground 
surface. They also observed the 
removal of 1 mm of rock from a 
granite boulder in just 15 years. 
This might not seem like much, 
but imagine the effects over 
millions of years.

Geo Words
abrasion: the wearing 
away of rock particles 
due to their collision.

Figure 5 This mage from NASA’s Mars 
rover shows windblown particles 
in a martian desert. The amount of 
roundness and angularity depends 
on how far they have been 
transported.
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Deposition of Moving Particles
In the Investigate, you observed how obstacles affect deposition. 
Deposition of sediment occurs behind obstacles. The airflow behind 
the obstacle is reduced. Therefore, the ability of air to carry sediment is 
also reduced. This has been observed in the laboratory. It is also seen in 
natural, windy regions. 

In the Investigate, you saw that the rough and irregular surface of a patch 
of sand is very good at trapping saltating particles. As the patch grows and 
becomes a mound, it starts to influence the way air and sand moves over 
it. Sand dunes are hills or ridges of windblown sand. (See Figure 6.) They 
grow because the kinetic energy of impacting grains is absorbed by loose 
sand. A simple sand dune looks like a ramp that is steeper on one side than 
the other. Sand grains saltate up the shallower side, which faces into the 
wind. They then fall down the steeper face at the rear of the dune. 

Figure 6 A dune field in Namibia.

Particles remain longer on the slope of the dune that is sheltered by 
the wind. The rear slope gets steeper and steeper until it becomes 
unstable. It then avalanches downward. In this way, the crest of the 
dune moves forward and the dune advances downwind. Over time, 
the rear face of the dune is buried over and over again. If you were to 
cut through a dune, you would see layers where one crest after another 
had avalanched down, burying the side of the dune that is shielded 
from the wind. 

Geo Words
sand dune: a desert 
or coastal landform 
shaped by the wind 
and composed of 
loose sand. 
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Figure 7 Layers at different angles reflect the buildup and avalanching of sediment. 

Sand deposits have many different shapes. Ripples form when there 
is an irregularity in the sand surface. Various kinds of long, narrow 
dunes extend for many kilometers. They are usually oriented across 
the prevailing wind direction. Some dunes are crescent-shaped, with a 
horn at either end. The horns extend in the downwind direction and 
taper toward their points. These dunes occur where winds blow in one 
direction and the supply of sand is limited. Where winds blow in many 
directions, the shapes of sand dunes reflect this condition. Star-shaped 
dunes have a central peak and arms that radiate out from them.

Figure 8 Shade highlights the leeside of a dune.  Figure 9 Wind ripples 
on the surface of much 
larger dunes.
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Environments Where Wind Erosion is Dominant
Wind affects landscapes that have a steady supply of sediment and a lack 
of plant cover. Such conditions are common in arid (very dry) environments. 
They can also be found around the cold margins of glaciers and along 
coasts. The location of Earth’s arid environments is controlled by climate. 
Deserts are common in regions where evapotranspiration exceeds 
precipitation. They often lack soil or have little soil moisture. Here, rocks 
break down mostly by physical weathering. Also, the surface is usually 
covered in loose stones, sand, and silt-sized materials. Arid environments 
cover about 20 percent of the land surface. They include hot deserts and 
cold deserts of middle and polar latitudes. 

Figure 10 Map showing the location of arid and semiarid regions on Earth.

Figure 11 Wind-dominated environments are found along coasts and in dry, cold 
environments.

Geo Words
evapotranspiration: 
loss of water from 
a land area through 
transpiration of plants 
and evaporation from 
the soil and surface 
water.

EC_Natl_SE_C4.indd   474 7/12/11   9:55:31 AM



EarthComm
475

Section 9  Wind and the Landscape

Earth’s Desert Regions   
Earth’s most active wind-formed 
landscapes are typically in areas 
that receive less than 150 mm 
of rainfall per year. Such areas 
are found in the rain-starved 
interiors of continents. They can 
also be found in the shadow of 
mountains. Here, intense wind 
erosion and deposition takes 
place. Erosion removes all but the 
coarsest rocks and leaves bedrock 
exposed. It may surprise you to 
learn that only about 30 percent 
of most desert areas are covered 
by sand. Sand is concentrated 
mostly in lowland areas in great 
sand seas called ergs. 
Most of Earth’s 
windblown sand fields 
are greater than 125 km2 
in area. The largest active 
sand sea on Earth is the 
Rub’al Khali or Empty 
Quarter (560,000 km2), 
in the southern Arabian 
Peninsula. Loose sands, 
up to several hundred 
meters thick, cover 
most of the solid rock 
in this region.

Where does the 
sediment for Earth’s 
dune fields come from? 
Scientists believe that 
the sediments found in 
deserts originally came 
from upland areas. The 
rock was weathered away 
in these areas. It was 
carried downhill. Then it 
was deposited in alluvial 
fans in lowland areas. In some tropical deserts, the source of the sand is 
bedrock made up of desert sands. These sands were deposited during 
older geologic periods in desert environments. 

Figure 12 A massive dust storm blows 
sediment over the ocean from the desert 
of Northwest Africa.

Checking Up
1. How do particles 

move in wind? 

2. What is a desert 
pavement?

3. What affect does 
vegetation have 
on airflow?

4. Where are Earth’s 
deserts?

Geo Words
erg: a gigantic sea 
of sand with shifting 
dunes.

 Figure 13 This image shows about 2500 km2 of coastal
desert in Namibia. High winds generate dunes 
reaching 300 m high.
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Think About It Again
At the beginning of this section, you were asked the following:

• How do particles move in flowing air?

• How does wind affect the landscape?

• Where on Earth do you think wind affects the landscape most? Explain your answer.

Record your ideas about these questions now. Include in your answers the different ways 
wind erodes and deposits sediment. 

Reflecting on the Section and the Challenge
In this section, your experiments showed how particles are transported by wind. 
Understanding the patterns of erosion and deposition in windy regions is important for 
understanding how the landscape changes. You have learned that in deserts and along 
coastal regions, wind plays a major role. This also holds true for mountain regions with 
a lot of fine-grained sediments scoured by glaciers. Think about these connections as you 
work on the Chapter Challenge.

Understanding and Applying

 1. Why is rainfall and moisture a factor that controls 
Earth’s wind-dominated environments?

 2. Explain the relationship between particle size 
and wind velocity. 

 3. Suppose you discovered layers of rocks that 
contained ancient sand dunes. What does 
this evidence suggest?

 4. Would more abrasion or less abrasion 
occur at a higher wind velocity? What kind 
of abrasion would occur at a lower wind 
velocity? Explain your answer.

 5. Compare wind erosion to related processes 
in rivers and glaciers.

 6. How do large sand dunes migrate?

 7. Preparing for the Chapter Challenge

  Think about how wind-driven processes 
interact with other processes within a 
drainage system. Start thinking about the 
sources of sediment that supply particles 
for wind transport, erosion, and deposition. 
Consider how wind-driven processes might 
affect the sites you have chosen for the 
Olympic Games. 
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Inquiring Further
 1. Features of wind-dominated environments

There are many other landforms besides the ones mentioned in this section. Research 
how the following features form. Be sure to include your sources and describe how you 
assessed their reliability.
• barchan dunes
• longitudinal dunes 
• yardangs
• ventifacts

 2. Loess deposits

Loess is wind-deposited sediment of silt-sized grains that originate in glacial 
environments. Major loess deposits are found in China, Europe, and the Midwest 
of North America. Find out why these deposits are important to understanding how 
landforms change, and their connection to past climates. 

 3. Wind erosion and deposition in your community

Explore your local area for evidence of processes driven by the wind. To find evidence 
of erosion you will have to look for natural and human-made features that have been 
affected by the sediment load of the wind. Think broadly about where you will find 
evidence of deposition. Make a map to show the location of your field sites and take 
photographs or make sketches of your findings. Use a field notebook to record your 
observations and ideas.
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