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13.6 Prevailing Wind Patterns: Global Wind Patterns

Wind direction and intensity (speed) are reported daily as part of most weather reports. Knowledge of the winds has enabled man to sail the oceans and seas of the world. Airline pilots need information about wind speed and direction because the information it is important to safety during take-off and landing. Information regarding the wind direction and speed in the upper atmosphere is also important to save time and fuel.

Winds may be classified as global prevailing winds or as local or regional winds. Local or regional winds are a result of geographical features of the land (mountain ranges) or the proximity of land to large bodies of water, such as a large lake or the ocean. These winds include thermals, sea breezes (or offshore winds), land breezes (or on-shore winds), and Chinook winds, and will be studied later. This lesson will concentrate on the major winds of the Earth called the prevailing winds. The prevailing winds are also know as the trade winds due to their importance to trade by sailing ship back in the time of the great explorers.

The prevailing winds are mainly the result from the transfer of heat energy from the land and oceans to the atmosphere. The resulting convection currents and interaction with the Coriolis effect creates major wind currents over the globe.

Formation of the Hadley Convection Cells:

By now you recognize that the solar point always strikes the Earth in the equatorial region that lies between 23.5o north latitude (the Tropic of Cancer), and 23.5o south latitude (the Tropic of Capricorn). As a result, the greatest amount of solar energy is absorbed in the equatorial regions of the Earth, the ocean warms up and transfers its heat energy and moisture to the air above. This results in the formation of a low pressure region at the surface, near the equator called the intertropical convergence.  

A convection current (known as the equatorial convection current) of warm, moist air rises to the tropopause, sometimes reaching an altitude as height as 18 km into the atmosphere.  As the moist warm air reaches higher altitudes, both the pressure and temperature are reduced, causing the air to become cooler and more dense, often resulting in cloud formation and precipitation. 

Precipitation returns a great deal of the moisture to the Earth's surface, but condensation of the moisture causes an increased temperature of the air. This helps to support the continued, upward flow of air until it reaches a point in the atmosphere known as the tropopause. Because moist, warm air continues to rise from below, the upper air near the tropopause is forced to move toward both north and south poles.


Once the air reaches the tropopause it tends to cool mainly as a result of radiational energy loss.  As the upper air moves toward the 30o north or 30o south latitude it sinks back down toward the Earth's surface forming  two, massive convection cells (known as the Hadley cells) shown in the image above. The downward moving air is cooler (due to radiational energy loss) and dryer (due to the loss of moisture by precipitation over the equatorial region) and results in high pressure regions (known as the subtropical highs) near the 30o latitudes both north and south of the equator. The deserts of the Earth are located near these 30o north and 30o south latitudes. 

The Coriolis effect is also a factor that must be considered when studying the prevailing winds. The Coriolis effect causes a deflection of wind to the right of its direction of motion in the northern hemisphere and to the left of its direction of motion in the southern hemisphere.  As a result, the surface winds moving from the 30o north latitude toward the equator tends to curve to the west to create the Northeast Trade Winds. At the same time, the surface winds moving from the 30o south latitude back toward the equator tends to curve to the west to create the Southeast Trade Winds. Remember that it is the Coriolis effect that causes the deflection or curvature of the winds. Notice that the prevailing winds are named in terms of the direction from which the wind blows and not in terms of the direction to which the wind blows. For example: The northeast trade winds blow from the northeast (toward the southwest). You should also note that in the equatorial region where the trade winds would be expected to meet, there is a region called the intertropical convergence zone (also known as the doldrums or equatorial calm). In this region of the world, the sky is generally covered by thick layers of cumulonimbus clouds, there is abundant rain, and the wind and sea is very calm.

Formation of the Mid latitude convection cells:

The downward moving air causes some of the air to move toward the equator and some to move along the surface toward the 60o north and 60o south latitudes to join the circulation cells (known as the mid-latitude convection cells).  This second set of convection cells is located in the northern and southern hemispheres between the 30o and 60o north and the 30o and 60o south latitudes. A high pressure region results at the 30o latitude in both the northern and southern hemispheres. At the same time a low pressure region develops at the 60o north and 60o south latitudes. Winds near the Earth's surface in these regions move from the high to low pressure regions in a general direction toward the poles. Combined with the Coriolis effect, this results in the mid-latitude westerlies.   In which direction do the mid latitude westerlies tend to blow?
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Formation of the Polar convection cells:

A third set of convection cells, called the polar easterlies, also forms at the north and south polar regions between 60o and 90o. In what direction do these winds blow?

You should recognize that at least at sea level there is a polar high pressure region located at both the north and south poles 90o north and 90o south latitude, sub-polar low pressure regions at 60o north and 60o south latitude, the subtropical high pressure regions located at 30o north and 30o south latitude, and finally the low pressure region known as the intertropical convergence located near the equator. Since air movement generally moves from high pressure region toward low pressure region it should be easy to conclude that both the northern and southern hemisphere have three major convection cells, which have already been described above.

Homework

Section from Textbook
13.6 Prevailing Wind Patterns (p.516-19) and Understanding Concepts p.519 #’s 1,2, 3(a) and 4.

Questions

1. Describe the formation of a convection current.

2. Explain the causes of each of the following in the northern hemisphere:

(a) Northeast Trade Winds

(b) Mid-Latitude Westerlies

(c) Polar Easterlies

3. Draw a diagram showing the prevailing winds in the Northern Hemisphere.   Be sure to show: convections currents, surface winds and jet streams.

4. (a) Explain how the jet stream forms in the upper atmosphere.

(b) Explain how and why the general velocity and direction of the jet stream is different form the surface winds.

(c) How do jet streams influence weather?

5. Describe and explain the typical weather conditions at each of the following:

(a) equator

(b) 30°  N latitude

(c) 60°  N latitude
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