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Chapter 5  Winds, Oceans, Weather, and Climate

Think About It
Horizontal surface currents move vast quantities of ocean water. 
Surface currents transfer heat from one region to another and 
moderate Earth’s climate. 

• How do you think Earth’s climate would change if there were 
no surface currents? 

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 plot data to determine the direction of 
some surface currents in the North Pacific Ocean. Then, you will 
study maps to explore the relationship between wind and surface 
currents in the oceans. 

Part A: Mapping Surface Currents

 1. On May 27, 1990, 40,000 pairs of sneakers were washed 
overboard from a ship bound from Korea to Tacoma, 
Washington. In the months following this northern Pacific 
Ocean spill, beachcombers found shoes at the locations 
reported in the table on the following page. 

Learning Outcomes
In this section, you will

• Understand the general paths 
of surface ocean currents.

• Determine the average speed 
of surface ocean currents in
the Pacific Ocean.

• Understand how the winds 
drive surface ocean circulation.

• Understand how surface ocean 
circulation patterns change 
during an El Niño event.

• Understand how ocean 
circulation can influence 
climate.

• Understand how the Coriolis 
effect influences ocean 
circulation patterns.

Section 6 The Surface Circulation of the Ocean
What Do You See?
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a) Plot the data from the table on a 
copy of the map of the North Pacific. 

b) From the locations of the shoes that 
were found, draw arrows on your 
map to indicate the direction of the 
movement of the shoes.

 2. Calculate the rate of “sneaker drift” for 
the first 190 days in kilometers per day. 

a) Record your calculations and rate in 
your log. 

b) What is the rate of drift southward 
along the coast between the Day 190 
location and the Day 340 location? 

 3. Use your calculated rate of drift and the 
direction of the current. 

a) Place an X on a copy of the map 
where sneakers might be discovered 
in the future. Estimate the day of 
sneaker arrival. Write this number 
next to your X. 

 

 4. A few sneakers were found along the 
southern coast of Alaska. Look at the 
world map on the next page that shows 
surface ocean circulation. 

a) Explain how this could be possible.

Day Event Latitude Longitude
Distance Since
Last Discovery

(km)

1 Location of spill 48°N 161°W —

190
Location of fi rst
shoe discovery

48°N 125°W 2654

249
Location of next
shoe discovery

46°N 125°W 222

310
Location of next
shoe discovery

45°N 124°W 135

340
Location of next
shoe discovery

43°N 125°W 237

730
Location of next
shoe discovery

20°N 157°W 3925

1200
Location of last
shoe discovery

36°N 140°E 6326
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Part B: Tracing Wind and Surface 
Ocean Currents

 1. Look at the map of surface
ocean circulation.

a) Which current(s) did you map out 
in the “sneaker spill” in Part A?

 2. Compare the map of surface ocean 
circulation with the map of normal 
wind patterns on the next page.

a) How are the maps alike? How are 
they different?

b) What would the map of ocean 
circulation look like if there were 
no continents?

 3. An El Niño event is caused by a 
change in the ocean-atmosphere system 
around the tropical Pacific. As you will 

soon discover, this change can have 
important consequences for weather 
around the globe, including in your 
community. On the next page is a map 
of wind direction at the height of the 
1997–1998 El Niño event, the strongest 
El Niño event since 1970. Compare 
the El Niño wind map with the map 
of normal wind patterns and answer
the following questions: 

a) How do the two maps differ? 

b) Using what you know about how 
winds affect surface ocean circulation 
patterns, how do you think the 
pattern of surface ocean currents 
changes during an El Niño event? 
Indicate this on a copy of the map 
of surface ocean circulation.

Surface ocean circulation. Warm currents are shown in red, cold currents are shown in blue.
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Section 6  The Surface Circulation of the Ocean

Map of vector wind direction for November 2000, a “normal” (non-El Niño) period.

Map of vector wind direction for November 1997, an El Niño period.
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Chapter 5  Winds, Oceans, Weather, and Climate

SURFACE CURRENTS
In the Investigate, you explored the different movements of surface ocean 
water. This Digging Deeper will help you to understand more about how 
these forces actually work.

The horizontal movements of ocean water are called ocean currents. Ocean 
currents carry matter and energy from one part of the ocean to another. 
They can be local or they can be as broad as the oceans themselves. Some 
ocean currents, called surface currents, flow only in the surface layer of 
the ocean. Other currents flow in the deep ocean. The surface currents 
flow much faster than the deep currents but the deep currents affect a 
much greater thickness of the ocean. As you will see in the next section, 
surface currents and deep currents have very different causes.

Surface currents make up about 10 percent of all the water in the oceans. 
They range in depth from 200 m to 1000 m. These currents flow for 
long distances across the oceans. They form enormous circulation cells, 
called gyres. There is a gyre in each of the major ocean basins, as shown 
in Figure 1. These gyres circulate clockwise in the ocean basins of the 
Northern Hemisphere. They circulate counterclockwise in the ocean basins 
of the Southern Hemisphere. You can see from Figure 1 that when the 
current in a gyre approaches a large landmass, such as a continent, it 
changes direction.

Figure 1 The oceans of the world showing the major gyres.

Digging Deeper

Geo Words
ocean current: a 
predominantly 
horizontal movement 
of ocean water.

gyre: a circular 
motion of water in 
each of the major 
ocean basins.
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Section 6  The Surface Circulation of the Ocean

The gyres play a crucial part in Earth’s climate. They help to move heat 
energy from low latitudes, where Earth is warmed by the Sun, to high 
latitudes, where Earth loses heat to outer space. The currents flowing 
toward the poles on the western sides of the gyres are warm currents. 
The warm Gulf Stream off the east coast of the United Sates and the 
Kuroshio Current off the east coast of Japan are examples of these 
currents. The currents flowing toward the equator on the eastern sides of 
the gyres are cold currents. The cold California Current off the west coast 
of the United States and the Peru Current off the west coast of South 
America are examples of these currents. Water on the coast of northern 
California is colder than water on the coast of North Carolina.

Recall from Section 1 that the winds at low latitudes in the tropics are 
easterlies, meaning that they blow from the east. They are called the 
trade winds. The winds at mid-latitudes are less regular, but they blow 
mainly from the west. They are called the prevailing westerlies.

It might seem obvious to you that the easterlies push water to the west 
and the westerlies push water to the east, to cause the currents in the 
gyres. It is true that the winds cause the currents, but only in an indirect 
way, not in the obvious way.  

Water moves in the ocean because forces act upon it. You can think of a 
force as a push or a pull on some object or material. When a force acts 
on an object, it causes the object to change its speed and possibly its 
direction. If two different forces act on the object, they will cause the 
object to change its speed and direction. This is true unless the two forces 
have exactly the same magnitude and act in exactly opposite directions. 
The movement of water in the oceans under the influence of forces can 
seem very strange because of the Coriolis effect. The direction of the 
water movement, or current, is to the right of the wind in the Northern 
Hemisphere. It is to the left of the wind in the Southern Hemisphere.

The Coriolis effect causes 
the water to move around a 
mound of water in the ocean 
basin. This mound is sometimes 
as much as 2 m higher than the 
edges of the basin, rather than 
downhill away from the center. 
This is the real cause of the 
gyres. Do these currents make 
sense to you? Perhaps not, 
but remember that intuition 
or “common sense” does 
not always produce the 
right answer.

Figure 2 Mounds in the centers of the ocean 
basins.
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Geo Words
upwelling: the 
upward movement 
of ocean water from 
deep in the ocean to 
the surface.

Not everything about surface currents is as strange as it might seem to you 
now. Very close to the equator, Earth’s surface is parallel to Earth’s rotation 
axis. As a result, the Coriolis effect disappears. The rotation does not have 
any effect on the currents. The wind pushes the water straight ahead. The 
direction of the current is the same as the wind, as you might expect. You 
worked with surface currents of this kind in Part B of the Investigate.

Upwelling

Most water movements in the ocean are horizontal currents. However, at 
some times and places there are strong vertical movements as well. As the 
term suggests, upwelling is the upward movement of ocean water from 
deep in the ocean to the surface. The Coriolis effect explains so many 
things about water movements in the oceans. You need to look at it to 
understand upwelling as well.

Suppose that a wind blows over the ocean surface near the coastline, in 
the direction shown in Figure 3. What does that tell you about how the 
wind moves the water? It pushes the water at right angles to the wind, 
in the offshore direction. As the water at the surface is pushed offshore, 
water from deeper down has to rise up to replace it. That upward 
movement of deep water is called coastal upwelling. The cross section 
shows how the wind pushes the water offshore and causes deeper water 
to rise to the surface near the coast.

  Figure 3 A cross section of a coastal area showing the forces and motion
in upwelling.
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Everywhere in the oceans, it is cold below the surface layer. This is true 
even at low latitudes. You will learn more about the layers of the ocean 
in the next section. Upwelling taps this colder water and brings it to the 
surface. This is one reason why a current like the California Current is so 
cold, even though the coastal area is not at high latitudes.

Very close to the equator, where the Coriolis effect vanishes, winds 
blowing directly offshore cause upwelling. You might have suspected 
this. However, at higher latitudes offshore winds only move water along 
coasts. They do not move water away from them.

When organisms living in the warm upper layers of the ocean die, their 
remains sink to the lower layers of the ocean. These remains become 
nutrients that can be used by other organisms. This “rain” of nutrients 
enriches the deep ocean waters. Deep ocean circulation moves this layer 
of enriched water around the ocean basins. Warm water that has been at 
the ocean surface for a long time lacks nutrients. This is because of the 
large population of near-surface plankton and larger marine animals. The 
deeper water is rich in nutrients. Upwelling moves the deeper water to the 
surface. This upwelling of nutrient-rich water causes many coastal areas 
on the eastern sides of ocean basins to be full of marine life. Upwelling 
supports about half of the world’s fisheries, even though these cool waters 
account for only 10 percent of the surface area of the world’s oceans.

What would happen if the wind in Figure 3 blew in the opposite 
direction? Water would be piled up along the coast. The water near the 
coast would then sink down under the added weight and be replaced by 
a surface flow of offshore water. That is the opposite of upwelling and is 
called downwelling.

Checking Up
1. What causes the 

circulation of the 
gyres in the ocean 
basins? 

2. What are the 
major differences 
between eastern 
boundary currents 
in gyres and 
western boundary 
currents in gyres? 

3. How do surface 
currents help 
to regulate the 
temperature of 
the planet? 

4. How does 
upwelling promote 
the abundance of 
life in the surface 
waters of the 
ocean?

Geo Words
downwelling: the 
downward movement 
of ocean water from 
the surface.

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

• How do you think Earth’s climate would change if there were no surface currents? 

Record your ideas about this question now. In your answer, describe the role that gyres 
play in transporting heat energy from low latitudes to high latitudes. 

Reflecting on the Section and the Challenge
In this section, you learned that when floating objects fall into the ocean, currents 
can move them for many hundreds or even thousands of miles. You saw that sneakers 
spilled overboard drifted from the site of the spill. They traveled to the west coast of 
North America, then to Hawaii, and eventually to Japan. You also saw how wind 
determines the path of surface ocean currents. You saw how the shift in wind during 
an El Niño event can change surface ocean circulation patterns. You learned that 
materials on Earth’s surface, like ocean water, can move in surprising directions. This 
is due to the Coriolis effect. You can now explain, in your Web-site design, how ocean 
circulation changes during an El Niño event. 
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Understanding and Applying

 1. Refer back to the map of surface ocean circulation. Can you explain why the southern 
regions of the west coast of South America are colder than the northern regions of the 
east coast of North America at the same latitude? 

 2. Benjamin Franklin made the map of the warm Gulf Stream Current shown below. 
He based his map upon information reported by American ship captains. Why did 
Franklin believe that the map would be useful to sailors crossing the Atlantic Ocean? 

 3. From what you have learned in this section, how would you identify an El Niño 
event? 

 4. How and why would downwelling affect fisheries in coastal areas on the eastern sides 
of ocean basins?

 5. Preparing for the Chapter Challenge

Using what you have learned about surface currents, write a short essay about what 
drives surface currents. Include a discussion of the relationship between changing 
surface ocean circulation and atmospheric events and how ocean circulation can 
impact the climate of a region. You will use information from this essay when you 
are completing your Chapter Challenge.
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Inquiring Further
 1. Surface ocean circulation and climate 

Investigate the relationship between surface currents and climate. Consider researching 
and comparing the climate of England with the climate of a coastal area at a similar 
latitude on the western side of the North Atlantic Ocean. 

 2. Seasonal upwelling 

Scientists can measure wind stress across the ocean water surface to make estimates 
of Ekman transports, which can then be used to calculate numbers called upwelling 
indices. These indices are a means for scientists to monitor the intensity of upwelling 
currents in a particular area. In general, the greater the upwelling index value, the more 
intense the upwelling. Negative upwelling index values imply downwelling (the opposite 
of upwelling). 

Go to the EarthComm Web site at http://www.agiweb.org/education/earthcomm2/ to 
visit the Pacific Fisheries Environmental Laboratory Web site. Here, you will find a 
map of the west coast of the United States. Click on the red data points to view graphs 
of average monthly upwelling index values for several years. Look at several of these 
graphs and answer the following questions: 

a) Are the patterns of upwelling the same all along the coast? Why or why not? 
b)  Based on the data you viewed, would you say that upwelling currents are 

the strongest in the winter or in the summer? How would you explain this
seasonal variation? 

c)  How would the observed seasonal variation affect the distribution of organisms 
along the coast?
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