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UNIT II: EARTH AND SPACE SCIENCE: Weather Dynamics
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13.9 Major Ocean Currents:  Oceans, Currents, and Weather Dynamics

Major Ocean Currents:

At this point in your study of weather, you recognize that water, because of its high specific heat capacity, can hold a tremendous amount of energy absorbed from the Sun. T[image: image1.jpg]


he oceans can serve both as a major heat sink (absorbing energy from the Sun) as well as a heat source (transferring energy to the atmosphere above it). Because nearly 70% of the Earth is covered by oceans, and because the equatorial region of the Earth is mostly ocean (most land is located in the Northern Hemisphere), it is not surprising that the ocean has a major influence on weather conditions around the world.

The ocean currents serve as transporters of energy carrying cold water from the poles toward the equatorial regions where sunlight strikes most directly. The ocean water in the equatorial regions serves as a heat sink as it absorbs solar energy. The heated water is then carried by way of the major ocean currents toward the poles where the waters of the ocean then serve as a heat source transferring heat to the atmosphere above. The energy is released to warm the colder air above and the land nearby. This explains why northern ports located near warm ocean currents do not freeze in winter. In this lesson you will study the major ocean currents and learn how they interface with the air (atmosphere) above and the land nearby.  

The major oceans of the Earth include the Arctic Ocean around the North Pole, the Antarctic Ocean around the South Pole, the Pacific Ocean (which is the largest of all the oceans), the Atlantic Ocean, and the Indian Ocean. 

Causes of the Ocean Currents:

The ocean currents are a result of the interaction between several factors. One of the factors is the Earth's rotation around its axis. Near the equator, the rotation of the earth causes the surface waters of the ocean to move in a westward direction. When the water reaches land at the western edge of the ocean (eastern edge of the continents), the water is deflected  and tends to follow the edges of the continent toward the nearest pole. The Earth's rotation and resulting Coriolis effect tends to rotate waters of the northern hemisphere in a clockwise direction. At the same time, waters of the southern hemisphere rotate in a counterclockwise direction.

Tides are affected by the gravitational pull of the Sun and Moon. When the Sun and Moon are on the same side of the Earth, high[image: image2.jpg]


 tides reach their highest point. When the Sun and the Moon are on opposite sides of the Earth, the high tides are at their lowest point. The tides and resulting tidal currents have a minimal effect on the open ocean currents as a whole, but do have an effect on currents near the continental shelves. Tides therefore should be considered as part of the global ocean current model.

Sunlight striking the water in the equatorial region tends to warm the water causing the water to become less dense. As the water moves away from the equatorial region it is replaced by more dense colder water from below. As a result, sunlight striking the equatorial waters results in the formation of a large convection current.

Causes of the Ocean Currents:

Another factor involved in affecting ocean circulation is the change in density as water evaporates into the atmosphere. Evaporation of water requires energy to convert liquid to water vapour. This phase change results in the cooling of the ocean water as the water vapour moves into the atmosphere. At the same time the loss of water from the ocean increases it salinity (saltiness). Both of these factors cause the sea water to become more dense and as a result the sea water tends to sink downward creating deep water ocean currents. 

As a result of these forces on the general pattern of circulation, water from the equator generally moves toward the pole, and polar water is moved toward the equator. The winds also affect the movement of surface waters. Wind tends to move the water in the same direction and also has an effect on the rate of evaporation.

One exception to this general pattern of circulation is the Antarctic Circumpolar Current located in the southern hemisphere. Since there are no land masses in this part of the ocean, the Antarctic Circumpolar Current continues to flow around the Earth in an eastward direction. Some northern deflection does occur at the southern tips of the continents, South Africa, Australia, and South America. These northerly flows tend, for the most part, to join the counter clockwise circulation that occurs between the continents in the Southern Hemisphere and function to move cold southern polar water toward the equator.


Adapted from: http://www.glacier.rice.edu/Images/oceans/4_worldoceancurr.gif 
More recently, technology (in the form of remote sensing and data transmission equipment) has enabled the collection of data from the oceans. This data has led to the discovery of two additional factors, El Niño and La Niña, which are now believed to affect ocean currents and global weather patterns.

As you can see, there are several factors that contribute to the formation of the ocean currents.

· The Earth's rotation about its axis and the resulting Coriolis effect, 

· gravitational effects of the Sun and the Moon (tidal effects), 

· convection currents, 
· salinity effects, 

· El Niño, 
· La Niña, 
· and the effects of winds over the surface of the oceans all play a role in sustaining the major ocean currents. 

Effects of Ocean Currents:

Finally, the evaporation of water transfers large quantities of energy from the water of the ocean to the atmosphere above. The warming of the atmosphere above then causes the pressure and density of the air to decrease and as a result the air begins to rise. This greatly affects the energy distribution over the Earth. Needless to say this has an influence on the winds of the Earth and an influence on global and local weather conditions.

 

Homework

Section from Textbook
13.9 Major Ocean Currents (p.525-527) and Understanding Concepts p. 527 #’s 1-7

Questions

1. What are the six possible causes of ocean currents?

2. Describe the effect of convection currents and the coriolis effect on ocean currents.

3. (a)  How do the continents affect current?

(b) What can be said about the speed of currents on the west side of continents? Why is this so?

(c) What can be said about the speed of ocean currents on the east side of 

      continents?  Why is this so?

4. What is the only current to travel around the world?  Why is this so?

5. Explain how wind can affect ocean current.

6. Explain how the heat capacity of water can affect ocean current.

7. Explain how the concentration of salt can affect ocean current.

8. Explain how there can be desert on the west coast of South America but rain forest on the east.

