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Chapter 5  Winds, Oceans, Weather, and Climate

Learning Outcomes
In this section, you will

• Determine the effects of 
Earth’s rotation and the 
uneven heating of Earth by 
the Sun on the circulation 
of the atmosphere.

• Identify bands of high and low 
air pressure at Earth’s surface. 

• Distinguish major patterns of 
wind at Earth’s surface and in 
the upper atmosphere.

Section 1 Global Wind Patterns and Weather

Think About It
On average, the solar radiation received at higher latitudes is 
less intense than at lower latitudes. As a result, polar regions 
have much lower temperatures than tropical regions. In Earth’s 
atmosphere, the colder, denser air around the poles sinks. This 
creates regions of high pressure. In contrast, the warmer, less 
dense air of the tropics rises. This creates regions of low pressure.

•  How does Earth’s atmosphere respond to regional differences 
in pressure caused by the unequal heating of Earth?

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

Investigate
In this Investigate, you will consider how differences in the 
temperature, density, and pressure of the atmosphere influence the 
global movement of air. Specifically, you will compare how these 
factors influence the warmer tropics and the colder polar regions. 

What Do You See?
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Section 1  Global Wind Patterns and Weather

 1. Cut a piece of clear tubing to be about 
10 cm long. 

 2. Obtain two 1-L clear plastic bottles 
from your teacher. Each bottle will have 
a hole cut in the side about 10 cm from 
the bottom. The holes will be just large 
enough to fit the tubing. Connect the 
two bottles with the piece of tubing. 
See the diagram.

 3. Fill one bottle with cold water and 
ice and the other with hot water. The 
water level should be about 3 cm below 
the holes. The bottle with cold water 
represents Earth’s polar regions and 
the bottle with hot water represents 
the tropics.

 4. Light an incense stick. Let it burn for 
a few seconds, and then blow it out. 
It should be producing a lot of smoke. 
The smoke represents the atmosphere 
of Earth.

 5. Fill the bottle with cold water with 
smoke by holding the smoking incense 
stick inside the bottle for 10 to 15 s. 

Remove the incense stick and observe 
the movement of the smoke.

a) Record and explain your 
observations.

b) How do you think this model 
compares to the convection that 
occurs in Earth’s mantle?

EARTH’S MOVING ATMOSPHERE 
Pressure and Wind
The global-circulation model you ran in the Investigate was driven by 
temperature variations in air. In the model, the ice water cooled the air 
above it. This caused the air to contract. This increased its density and 
created an area of high pressure. On the other hand, the hot water 
warmed the air above through conduction. Conduction is the direct 
transfer of heat from one substance to another substance that it is 
touching. The warming of the air caused it to expand. It became less dense. 
This relatively buoyant air moved upward, creating an area of low pressure. 
As the air moved upward, the neighboring colder, dense air above the ice 
water moved in to take its place. You were able to observe this movement 
because as the air moved, it carried the smoke along with it. In a similar 
way, air in Earth’s atmosphere moves from areas of higher pressure to 
areas of lower pressure. The movement of air due to differences in air 
pressure produces the everyday phenomenon known as wind. 

Digging Deeper

Geo Words
conduction: the direct 
transfer of heat from 
one substance to 
another substance 
through contact. 

wind: the movement 
of air from an area 
of high pressure to 
an area of lower 
pressure.
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Chapter 5  Winds, Oceans, Weather, and Climate

In general, the unequal 
heating of Earth by solar 
radiation causes global-scale 
winds. Solar radiation strikes 
parts of Earth at different 
angles. This occurs because 
Earth’s surface is curved. The 
latitude of a certain area 
determines the angle at 
which solar radiation is 
received. Solar radiation hits 
the area around the equator 
directly. It strikes at nearly a 
90° angle. At this angle, the 
energy heats Earth’s surface 
intensely. This results in high 
surface and air temperatures. 
Near the poles, solar energy 
strikes the surface at a lower angle than at the equator. At this lower angle, 
the same amount of energy is spread over a larger area. (See Figure 1.) As a 
result, surface and air temperatures near the poles are much lower than 
they are near the equator.

Think about global circulation of air if 
Earth were not rotating. Earth gets more 
solar radiation at the equator than at the 
poles. Therefore, the air heated in the 
region of the equator is constantly rising. 
This creates an area of low pressure. At 
the poles, the air is colder and heavier. 
It tends to sink. This creates regions 
of high pressure. In the Investigate, 
you saw that air moves from areas of 
high pressure to areas of low pressure. 
Therefore, global winds near Earth’s 
surface generally move from the poles 
to the equator. At higher altitudes, the 
rising warm air releases heat and cools. 
There also is a general return flow of air 
from the equator toward the poles at 
high altitudes. Together, global winds 
near Earth’s surface and winds at higher 
altitudes produce a convection cell-type 
of circulation pattern. (See Figure 2.) 
You will learn more about convection in 
the next section. Of course, this is only a 
general pattern. It does not actually exist 
because Earth rotates on its axis.

 Figure 1 On average, the solar radiation that 
reaches areas at higher latitudes is less intense 
than the solar radiation that reaches the tropics. 

 Figure 2 Winds at Earth’s surface 
blow from the poles toward the 
equator. Higher in the atmosphere, 
air flows away from the equator 
toward the poles.
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Section 1  Global Wind Patterns and Weather

The Coriolis Effect and the Circulation of the Atmosphere
Earth rotates on its axis. This causes an object moving in a straight path to 
seem to drift sideways. This is called the Coriolis effect. (See Figure 3.) It 
occurs because Earth is a rotating sphere. The Coriolis effect is zero at the 
equator. It increases toward the poles. (See Figure 4.) This means that 
moving objects tend to drift sideways more at higher latitudes. In the 
Northern Hemisphere, the Coriolis effect deflects objects to the right of 
their initial direction. The opposite is true in the Southern Hemisphere. 
There, the Coriolis effect deflects objects to the left of their initial direction.

 

If Earth did not rotate, air would 
flow in gigantic cells between the 
equator and the poles. The Coriolis 
effect, however, causes global winds 
to travel in curved paths rather 
than in a straight line. This prevents 
air from flowing straight from the 
equator to the poles. Instead, air 
flowing northward from the equator 
is deflected to its right, and air 
flowing southward from the equator is 
deflected to its left. Also, the air cools 
and sinks long before it reaches the 
polar regions.

As a result, the flow of air between 
the equator and the poles is broken up 
into six major global wind belts. These 
are atmospheric convection cells on 
a global scale. Global wind belts play 
an important role in the overall Earth 
system. They divide Earth into zones. 
Each zone has specific temperature 
and precipitation characteristics.

Geo Words
Coriolis effect: the 
deflection of a 
moving body on 
the surface of Earth 
to the right in the 
Northern Hemisphere 
and to the left in the 
Southern Hemisphere.

global wind belts: 
atmospheric 
convection cells on 
a global scale that 
move air thousands 
of kilometers.

Figure 3 Earth’s rotation deflects the motion of objects moving freely across Earth’s surface.

Figure 4 The magnitude of the Coriolis 
effect varies from zero (no deflection) at 
the equator to a maximum at the North 
and South Poles.
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Chapter 5  Winds, Oceans, Weather, and Climate

Earth’s Global Wind Belts
Near the equator, solar radiation heats the surface strongly. This causes 
warm air to rise steadily and creates an area of low pressure. Neighboring 
cool air moves along the surface and into the area. However, it is warmed 
rapidly and rises before it moves very far. There is little horizontal 
movement of air in this area. Winds are generally weak. This area is called 
the intertropical convergence zone. It is also known as the doldrums. 

Figure 5 The intertropical convergence zone is a band of low pressure that occurs near 
the equator where warm air rises steadily with little horizontal movement.

The intertropical convergence zone varies across time and space. The Sun 
shines more directly on the Northern Hemisphere for part of the year. 
This is what causes it to be summer in the Northern Hemisphere. It shines 
more directly on the Southern Hemisphere for another part of the year. 
This is what causes it to be summer in the Southern Hemisphere. The Sun 
shines directly over the equator in September and March. The intertropical 
convergence zone forms due to direct solar radiation. It moves south and 
north of the equator as the path of direct solar radiation varies with the 
changing seasons.

Air in the intertropical convergence zone rises to a height of about 16 km
into the atmosphere. Below this altitude, atmospheric temperatures 
decrease with height. But, at 16 km, atmospheric temperatures begin to 
increase with height. This relationship prevents the rising air from mixing 
with the air above due to their differences in densities. Instead, the air 
spreads outward toward both the North Pole and the South Pole. This 
moving air veers off course as a result of the Coriolis effect, flowing east 
in both hemispheres. At about 30° north and south latitudes, the air has 
cooled. It has increased in density. Here, it stops moving toward the poles 
and sinks. As a result, high pressure and calm air dominates the regions 
near 30° north and south latitudes. These are called the horse latitudes.

Geo Words
intertropical 
convergence zone 
(or doldrums): the 
low-pressure zone 
at the equator, 
where the winds 
from the Northern 
and Southern 
Hemispheres 
converge.

horse latitudes: belts 
of high air pressure 
and descending 
air with little rain, 
located at about 
30° north and south 
latitudes. 
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Section 1  Global Wind Patterns and Weather

When cold air over the horse latitudes sinks, it creates a region of high 
pressure. This causes surface winds in both the Northern and Southern 
Hemispheres to blow toward the equator. The equator is a region of 
low pressure. The winds that blow toward the equator along Earth’s 
surface are turned west by the Coriolis effect. As a result, winds in the 
Northern Hemisphere between 30° north latitude and the equator 
generally blow from the northeast. In the Southern Hemisphere between 
30° south latitude and the equator, the winds blow from the southeast. 
These steady easterly winds are called the trade winds. The low-latitude 
atmospheric convection cells that circulate from the equator to 30° north 
and south latitudes are called Hadley cells.

Air that sinks over the horse latitudes can also blow away from the 
equator. This creates winds in the mid-latitudes that blow along Earth’s 
surface and toward the poles. These winds are turned toward the east 
by the Coriolis effect. Because they blow from the west to the east, 
they are called the prevailing westerlies. They blow generally from the 
southwest between 30° and 60° north latitudes and from the northwest 
between 30° and 60° south latitudes. As these winds flow, they are 
warmed by Earth’s surface. When they reach about 60° north and south 
latitudes, air rises again and moves back toward the equator. At the 30° 
north and south latitudes, the air sinks and the process starts anew. The 
atmospheric convection cells that circulate between about 30° to 60° 
north and south latitudes are called Ferrel cells.

Geo Words
trade winds: winds 
that blow diagonally 
westward toward 
the equator in each 
hemisphere between 
30° north and south 
latitudes and the 
equator.

Hadley cells: 
atmospheric 
convection cells that 
circulate from the 
equator to 30° north 
and south latitudes.

prevailing westerlies: 
surface winds that 
flow toward the 
poles in an easterly 
direction between 
about 30° to 60° 
north and south 
latitudes.

Ferrel cells: 
atmospheric 
convection cells that 
circulate between 
about 30° to 60° 
north and south 
latitudes.

Figure 6 The lower atmosphere circulates in six major global wind belts.
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Chapter 5  Winds, Oceans, Weather, and Climate

Cold air at the poles sinks and flows toward lower latitudes. The Coriolis 
effect bends these polar winds to the west, producing the polar easterlies. 
At 60° north and south latitudes, warmer air moving up from the lower 
latitudes rises. When the polar easterlies collide with this warmer air, they 
are forced to rise as well. The polar region atmospheric convection cells 
that circulate above 60° north and south latitudes are called polar cells.

Earth’s global wind belts create global patterns of air flow. Together, they 
play an important role in regulating Earth’s heat energy. Huge convection 
cells circulate air through the atmosphere. They transport colder air 
to warmer areas and warmer air to colder areas. The end result is the 
transfer of heat from tropical regions. This is the area where the input of 
solar energy is greatest. The heat is transferred toward the poles. This is 
where the solar input is least. 

High-Altitude Winds
The jet stream is a current of fast-moving air in the upper atmosphere. 
Jet streams are narrow bands of high-speed winds. They flow at around 
12 km above the surface of Earth. The surface winds average between 20 
and 30 km/h. The jet-stream speeds average 300 km/h. However, they can 
reach over 500 km/h. They circle for thousands of kilometers around Earth. 
They are only a few hundred kilometers wide and often less than a few 
kilometers thick. They flow from west to east, the same direction in which 
Earth rotates.

 Figure 7 Four jet streams circle Earth in the upper atmosphere.

Geo Words
polar easterlies: 
surface winds that 
flow in a westerly 
direction from the 
poles to latitudes at 
about 60° north and 
south.

polar cells: 
atmospheric 
convection cells 
that circulate above 
latitudes of 60° north 
and south.

jet stream: a current 
of fast-moving 
air in the upper 
atmosphere.
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Geo Words
polar jet stream 
(or mid-latitude jet 
stream): narrow 
band of high-speed 
winds in the upper 
atmosphere, at 
around 12 km above 
the surface of Earth 
that occurs where 
Ferrel cells meet 
polar cells at about 
60° north and south 
latitudes.

polar front: the 
boundary at which air 
flowing away from 
the polar regions 
collides with warmer 
air from the lower 
latitudes.

Jet streams form where global wind belts meet and bring warm and cold 
air together. The polar jet stream, also called the mid-latitude jet stream, 
occurs where Ferrel cells meet polar cells at about 60° north and south 
latitudes. At this point, colder, drier air blown by the polar easterlies 
meets the warmer, moister air of the prevailing westerlies. This boundary, 
where cold polar air meets the warmer air of the middle latitudes, is 
called the polar front. The cold polar air at the polar front is much denser 
than the warmer air of the middle latitudes. This results in great pressure 
differences that produce very fast winds. Wind generated at the polar 
front gets more intense with altitude. Eventually, fast-moving wind is 
funneled into a concentrated band, forming the polar jet stream.

Figure 8 The polar jet stream is a fast-moving wind formed where polar cells meet 
Ferrel cells.

Earth’s weather is strongly influenced by atmospheric conditions and 
events that occur along the polar front. It is here that large-scale weather 
systems form. On either side of the polar front boundary, both surface 
and upper-level air differs greatly in temperature and pressure. This is 
why the large-scale systems form.

Changes in temperature cause the polar jet streams to vary over time 
and space. They do not always flow in a uniform west-to-east direction. 
Often, they shift to the north and south. For example, in the Northern 
Hemisphere the polar front can dive south during major cold outbreaks. 
Consequently, the polar jet stream also dives south. Jet streams also follow 
the Sun. As the Sun’s elevation increases each day in the spring and into 
the summer, the polar jet stream shifts north in the Northern Hemisphere 
and south in the Southern Hemisphere. As autumn approaches and the 
Sun’s elevation decreases, the jet streams move south and north. (See 
Figure 9 on the next page.)

Section 1  Global Wind Patterns and Weather
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  Figure 9 In the Northern Hemisphere, the polar jet stream shifts 
north in the summer and south in the winter.

Subtropical jet streams form where Hadley cells meet Ferrel cells at 
around 30° north and south latitudes. In this region, warm air from the 
equator meets the cooler air of the middle latitudes. Unlike polar jet 
streams, the subtropical jet streams do not vary much in speed or position.

Checking Up
1. What is the source 

of energy that 
powers Earth’s 
winds?

2. How does Earth’s 
rotation affect 
the flow of global 
winds? 

3. How do Earth’s 
surface winds 
form?

4. What happens 
when global wind 
belts meet?

5. How do jet streams 
form?

Geo Words
subtropical jet stream: 
narrow band of high-
speed winds in the 
upper atmosphere, at 
around 12 km above 
the surface of Earth 
that occurs where 
Hadley cells meet 
Ferrel cells at about 
30° north and south 
latitudes.

Think About It Again
At the beginning of this section, you were asked the following:

• How does Earth’s atmosphere respond to regional differences in pressure 
caused by the unequal heating of Earth?

Record your ideas about this question now. Be sure to include a description 
of Earth’s major global wind belts in your answer.

Reflecting on the Section and the Challenge
In this section, you saw that there are six major convection cells in Earth’s 
atmosphere. These form as a result of Earth’s rotation and the temperature 
differences between the tropics and polar regions. These global wind belts 
transport warmer air to colder areas. They also move colder air to warmer 
areas. Zones of low and high pressure occur where global wind belts rise 
or sink. These zones migrate south and north as the seasons change. This 
information will help you to understand global winds and their effects on 
different types of weather. 
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Understanding and Applying

 1. What do all of Earth’s major wind belts have in common?

 2. Compare surface winds and jet streams.

 3. Which global wind belt circulates over your community?

 4. Compare the horizontal and vertical components of global winds.

 5. How would global wind belts be affected if the speed of Earth’s rotation increased?

 6. How does the direction of wind flow change at the equator? At the poles? Why?

 7. What is the effect of the seasons on the location of the intertropical convergence zone?

 8. What is the effect of the seasons on the polar front and polar jet streams?

 9. Preparing for the Chapter Challenge
Your Chapter Challenge is to come up with a Web-site design that explains to younger 
students how winds, oceans, weather, and climate are connected. To understand 
weather, you need to know something about how Earth’s atmosphere circulates. Review 
what you have studied about major patterns of wind at Earth’s surface and in the upper 
atmosphere. In your log, describe these major patterns. Include diagrams and sketches 
as needed. 

Inquiring Further
 1. Observing pollution drift 

Scientists are observing “pollution drift.” These are belts of air pollution that travel 
on wind currents. They are using a variety of instruments and sensors in their 
research to accurately study where pollution comes from and where it goes. In July 
2004, NASA launched the AURA satellite. The Tropospheric Emission Spectrometer 
(TES) instrument was 
launched aboard it. It 
allows scientists to better 
understand where pollution 
comes from. It also allows 
them to understand more 
about how it moves through 
Earth’s atmosphere. 
Research this important 
NASA mission. How is 
TES able to collect data 
that provides scientists with 
more information about 
pollution sources and where 
pollution is ending up?

Artist’s drawing of the AURA satellite.
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