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Section 3  How Do Plate Tectonics and Ocean Currents Affect Global Climate?

Think About It 
Currents flow both at the surface and deep in the ocean. Ocean 
currents help to regulate global climate by transferring heat and 
moisture around the globe. 

•  How would a change in the position of a landmass influence 
global climate? 

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 be using models and maps to 
explore the factors affecting the flow of ocean currents in 
three geologic periods. 

Section 3  How Do Plate Tectonics and Ocean 
Currents Affect Global Climate?

What Do You See?

Learning Outcomes
In this section, you will

• Model present and ancient 
landmasses and oceans to 
determine current flow. 

• Explain how ocean currents 
affect regional and global 
climate. 

• Understand how ocean currents 
are affected by Earth’s moving 
plates. 

• Understand the relationship 
between climate and Earth 
processes, such as moving 
plates, mountain building, 
and weathering.
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Chapter 6  Global Climate Change

 

 1. Divide your class into three groups. 
Each group will investigate the flow of 
ocean currents in the Southern Ocean 
during one period of geologic history:

Group 1: The present.

Group 2: During the Miocene Epoch,
23 million years ago.

Group 3: During the Eocene Epoch,
54 million years ago.

 2. Obtain a copy of the map for your 
assigned time period. Observe the 
geography of the landmasses and 
the oceans.

 3. Construct the correct geography for the 
landmasses out of clay on top of the 
map, using it as a template. Make the 
landmasses at least 3 cm high. Shape 
the top of Antarctica so that water will 
flow off of it in all directions.

 4. Keeping the landmasses in the same 
relative positions, transfer them into 
a round container. Place the container 
on a turntable and add water to the 
container, up to about 1 cm below the 
level of the landmasses.

Use only food coloring to dye the water. 
Clean up spills immediately. Dispose of the 
water promptly.

 5. Obtain blue-colored water and an 
eyedropper. Rotate the turntable 
counterclockwise at a constant speed of 
about one rotation every two seconds. 
While the container rotates, use the 
eyedropper to add blue water as close 
to the South Pole as possible. 

a) As the blue water flows into the 
clear water, draw arrows on the map 
to record the direction of flow.

b) Write a paragraph describing 
your observations.

 6. Present your group’s data to the class.

a) Compare the direction of current 
flow on your map to those presented 
by the other groups. How do 
changes in the geography of the 
landmasses affect ocean currents 
from the Eocene Epoch to the 
Miocene Epoch to the present?

 7. Use the results of your investigation to 
answer the following:

a) Based on the map that shows the 
position of Australia in the Eocene 
Epoch and the results of your 
investigation, what tectonic factors 
do you think had the most 
significant effect on Australia’s 
climate during the Eocene Epoch? 

Development of the Antarctic Circumpolar Current.
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Section 3  How Do Plate Tectonics and Ocean Currents Affect Global Climate?

 How might Australia’s Eocene Epoch 
climate have been different from its 
climate today?

b) What tectonic factor(s) (for example, 
the geography of the continents 
and oceans, seafloor spreading, 
volcanism, the uplift of mountain 
ranges, etc.) is/are most important 
in affecting the climate in your 
community today?

 8. Carefully examine the map of ocean 
surface currents shown above.

a) How do you think ocean surface 
currents modify the climatic patterns 
in the United States? 

b) What changes in the surface current 
patterns might arise if North America 
and South America split apart 
from one another, leaving an open 
passageway from the Atlantic Ocean 
to the Pacific Ocean? 

c) How might the climate of the east 
coast of the United States change if 
tectonic forces changed the positions 
of the continents so that the Gulf 
Stream no longer flowed north? 

d) How might some other parts of the 
world (including your community) be 
affected if the Gulf Stream stopped 
flowing north?
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Chapter 6  Global Climate Change

CHANGING CONTINENTS, OCEAN CURRENTS, 
AND CLIMATE
How Ocean Currents Affect Regional Climates
In the Investigate, you used models and maps to explore the factors that 
affect the flow of ocean currents in three geologic periods. This Digging 
Deeper will help you to understand more about those factors.

A community near an ocean has a more moderate climate than one at 
the same latitude inland. This is because water has a much higher heat 
capacity than rocks and soil. Oceans warm up and cool down more slowly 
than the land. Currents are also an important factor in coastal climate. A 
community near a cold ocean current has cooler weather than one near 
a warm ocean current. For example, Los Angeles is located on the Pacific 
coast near the cold California Current. The city has an average daily high 
temperature in July of 75°F. Charleston, South Carolina is located at a 
similar latitude. However, it is on the Atlantic coast near the warm Gulf 
Stream. (See Figure 1.) Charleston’s average daily high temperature in 
July is 90°F.

How Ocean Currents Affect Global Climate
Patterns of ocean circulation also have a strong effect on global climate. 
The equator receives more solar radiation than the poles. However, the 
equator is not getting warmer, and the poles are not getting colder. That 
is because oceans and winds transfer heat from low latitudes to high 
latitudes. One of the main ways that the ocean transfers this heat is by the 
flow of North Atlantic Deep Water (abbreviated NADW). It works in the 
following way: In the northern North Atlantic, the ocean water is cold and 
salty. It sinks because of its greater density. It flows southward at a deep 
level in the ocean. Then at low latitudes, it rises up toward the surface as 
it is forced above the even denser Antarctic Bottom Water. (See Figure 2.) 

Digging Deeper

Figure 1 This thermal infrared image 
of the northwest Atlantic Ocean was 
taken from an NOAA satellite. The warm 
temperatures (25°C) are represented by 
red tones, and the cold temperatures 
(2°C) by blue and purple tones.

Geo Words
heat capacity: the 
quantity of heat 
energy required 
to increase the 
temperature of a 
material or system; 
typically referenced 
as the amount of heat 
energy required to 
generate a 1°C rise in 
the temperature of 1 g
of a given material.
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Geo Words
thermohaline 
circulation: the 
vertical movement of 
seawater, generated 
by density differences 
that are caused 
by variations in 
temperature and 
salinity.

Geo Words
lithospheric plate: a 
rigid, thin segment of 
the outermost layer 
of Earth, consisting 
of Earth’s crust and 
part of the upper 
mantle. The plate can 
be assumed to move 
horizontally and 
adjoins other plates. 

plate tectonics: a 
theory in which the 
lithosphere is divided 
into a number of 
plates that move 
relative to each other.

Section 3  How Do Plate Tectonics and Ocean Currents Affect Global Climate?

Water from low latitudes flows north, at the ocean surface, to replace 
the sinking water. As it moves north, it loses heat. This slow circulation 
is like a “conveyor belt” for transferring heat. This kind of circulation is 
usually called thermohaline circulation. (Thermo- stands for temperature, 
and -haline stands for saltiness.)

When this conveyor belt is disturbed, the entire global climate is 
affected. For example, about 12,000 years ago, Earth was coming out 
of a glacial age. Glaciers were melting rapidly. The melting glaciers 
discharged a lot of fresh water into the North Atlantic in a short time. 
The fresh water decreased the salinity of the ocean water. This reduced 
its density. The decrease was so great that the production of NADW was 
decreased. This seems to have plunged the world back into a short cold 
period. This period lasted about 1000 years.

Figure 2 Circulation cell formed by the movement of deep-water masses in the ocean.

How Plate Tectonics Affects Global Climate 

The positions of the continents on Earth change as Earth’s lithospheric 
plates move. (Plate tectonics is a theory in which the lithosphere is 
divided into a number of plates that move relative to each other.) The 
arrangement of the continents has a strong effect on Earth’s climate. 
Think about the requirements for the development of large continental 
ice sheets. Glaciers form only on land, not on the ocean. For an ice sheet 
to develop, there has to be large land areas at high latitudes, where 
snow can accumulate to form thick masses of ice. Where oceans occupy 
polar areas, accumulation of snow is limited by melting in the salty ocean 
waters. Polar oceans, such as the Arctic Sea, around the North Pole, are 
mostly covered by pack ice. This ice is no more than several meters thick.
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Today, there are two continental 
landmasses with permanent ice 
sheets. They are Antarctica, in the 
Southern Hemisphere, and 
Greenland, in the Northern 
Hemisphere. The continent of 
Antarctica has not always been 
centered on the South Pole. 
About 200 million years ago, all 
of Earth’s continents were welded 
together. They formed a single 
continent. This was the 
supercontinent called Pangea. 
Pangea was eventually rifted 
apart into several large pieces. One 
of the pieces moved slowly southward. This is the present Antarctica. 
Eventually it moved close enough to the South Pole. Ice sheets formed. 
In recent geologic time, Antarctica has been directly over the South Pole. 
Therefore, the Antarctic ice sheet has remained in existence even during 
interglacial periods. Scientists know this because otherwise, global sea 
level would have been much higher during the interglacial periods of 
the past million years.

You modeled the development of the Antarctic Circumpolar Current 
(ACC). This ocean current flows eastward (clockwise) around Antarctica. 
It is the most important current in the Southern Ocean. It is also known 
as the West Wind Drift. The ACC reaches depths between 2000–4000 m
and a width of up to 2000 km. This huge area produces one of the 

largest ocean currents by volume on Earth. The 
current is driven by strong winds between 40°S and 
60°S. The winds average 15–24 knots. The mean 
ACC temperature ranges from –1 to 5°C, depending 
on the time of year and location. Northerly flows 
feed cold water into the Atlantic, Indian, and Pacific 
Oceans. They redistribute heat to influence patterns 
of temperature and rainfall. The waters of the ACC 
freeze during the winter and warm during summer. 
This strongly affects the renewal of deep ocean water.

Many scientists infer that the ACC caused or stabilized 
a full glaciation of the Antarctic region. This would 
have occurred about 33 to 34 Ma. The last two 
barriers to the flow were south of Tasmania and south 
of South America. Scientists continue to study marine 
and tectonic evidence. They do so to try to determine 
the exact timing of the opening of the deep gap that 
controls the flow and affects climate.

Geo Words
Pangea: Earth’s 
most recent 
supercontinent, which 
was rifted apart 
about 200 million 
years ago.

Figure 4 Millions 
of years ago, 
the Antarctic 
Circumpolar Current 
did not flow all 
the way around 
Antarctica as it 
does now.

Figure 3 An ice-core station in Antarctica.
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Presently, most of Earth’s continental land area is in the Northern 
Hemisphere. Much of North America and Eurasia is at a high latitude. Ice 
sheets form during times with decreased global temperatures. During 
times of increased global temperatures ice sheets melt away. The North 
American and Eurasian ice sheets have melted away completely during 
these parts of the cycle. It is very different in the Southern Hemisphere. 
Except for Antarctica, there is not a large amount of continental land 
area at high latitudes. Therefore, large continental glaciers do not form.

Plate tectonics affects climate in other ways besides changing the positions 
of the continents. Volcanoes form along active plate margins. Increased 
activity at these margins causes increased volcanic activity. Volcanoes 
release carbon dioxide. Carbon dioxide is a gas that traps heat in the 
atmosphere. (You will learn more about carbon dioxide in the following 
section.) In this way, plate tectonics might cause global climate to warm. 
However, volcanic eruptions also add dust to the atmosphere. Dust blocks 
out some solar radiation. This tends to decrease global temperatures.

Continent-continent collisions create huge mountain ranges. The 
Himalayas and the Alps are modern examples. Many scientists believe 
that the wearing down of such mountain ranges uses up carbon dioxide 
from Earth’s atmosphere. The chemical reactions that break down the 
rock use carbon dioxide from the atmosphere. This means that there is 
less carbon dioxide in the atmosphere. The result is cooler global climate. 

Collisions between continents produced the supercontinent Pangea. The 
result was high mountain ranges, such as the one at the present site of 
the Appalachian Mountains. The Appalachians were much taller and 
more rugged when they first formed. They may have been as tall as the 
Himalayas. (See Figure 5.) The mountains have undergone 300 million 
years of erosion. This has given them their lower and well-rounded 
appearance. On a global scale, all that weathering may have contributed 
to the period of glaciation. Scientists think that this period began about 
300 million years ago and ended about 280 million years ago.

  Figure 5 The geologically young Himalayan Mountains formed when the India 
continent collided with Asia. 

Section 3  How Do Plate Tectonics and Ocean Currents Affect Global Climate?

Checking Up
1. Explain how North 

Atlantic Deep 
Water circulates. 

2. Why do glaciers 
form only on 
continents and not 
in oceans? 

3. Explain how plate 
tectonics can affect 
global climate.
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Think About It Again
At the beginning of this section, you were asked the following:

• How would a change in the position of a landmass influence global climate? 

Record your ideas about this question now. Be sure your answer describes not only 
how the arrangement of the continents has a strong effect on Earth’s climate, but also 
the effects of plate tectonic processes, such as volcanic eruptions and the weathering 
of mountain ranges. 

Reflecting on the Section and the Challenge 
Ocean currents play a large role in global climate. This section helped you see how ocean 
currents change in response to movements of Earth’s lithospheric plates. In the Digging 
Deeper, you read more about the effects of plate tectonics on climate over time. All of this 
information is important to incorporate into your newspaper articles on climate change. 

Understanding and Applying

 1. In the Investigate, you made models designed to demonstrate how ocean currents were 
different during the Eocene, Miocene, and today. 

a)  Assuming that the maps were accurate, in what ways was your model helpful in 
exploring possible differences in oceanic currents? 

b)  What are some of the drawbacks or problems with your model (how is a model 
different than the “real world”)? 

c)  What improvements could you make to the model so that it would behave in a 
more accurate way?

 2. Increased weathering of rocks uses up carbon dioxide. Decreasing carbon dioxide in 
the atmosphere contributes to global cooling. Reconstructions of the collision between 
India and Asia suggest that India first collided with Asia during the Late Eocene but 
that most of the mountain building took place during the Miocene and later. 

a)  When would you expect to observe the greatest changes in weathering rate? 
Explain your answer.

 3. Melting glaciers discharged a lot of fresh water into the North Atlantic in a short 
period of time about 12,000 years ago. Adding fresh water “turned off” the North 
Atlantic Deep Water current for about 1000 years. 

a) What other changes could disturb the NADW current? 

b)  In the event that these changes occurred and the NADW current was disturbed 
or even stopped, what effect would it have had on global climate? 

c) How would this change affect your community? 
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 4. Preparing for the Chapter Challenge 

Using a style of writing appropriate for a newspaper, write several paragraphs 
containing the following material: 

• Explain how the locations of the continents on Earth affect global climate. 
• Explain how ocean currents affect global climate. 
• Explain how moving continents change ocean currents.

Inquiring Further 
 1. Modeling North Atlantic Deep Water flow 

Make a physical model of the flow of North Atlantic Deep Water. Experiment with 
several ideas. Think of how you might do it using actual water, and how you might do 
it using other materials. If your model idea is large and expensive, draw a diagram to 
show how it would work. If your model idea is small and simple, construct the model 
and see if it works.
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