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Chapter 5  Winds, Oceans, Weather, and Climate

Global Winds

Earth’s rotation and the temperature differences between the tropics and polar regions create 
six major convection cells in Earth’s atmosphere. These global wind belts transport colder air to 
warmer areas and warmer air to colder areas. 

Zones of low and high pressure occur where global wind belts rise or sink and migrate south and 
north as the seasons change.

Jet streams (very strong winds) occur where global wind belts meet. 

Water Cycle

Evaporation takes place when liquid water gains enough heat to become water vapor. 
Condensation occurs when water vapor loses heat to become liquid water. Precipitation is 
water falling from clouds to Earth’s surface. The water cycle is the interaction of heat and 
water through these three processes.

Water in the ocean appears to move in a curved path. This happens because water, which begins 
moving in a straight line, is affected by the rotation of Earth (Coriolis effect). The Coriolis effect 
deflects a moving body on the surface of Earth to the right in the Northern Hemisphere and to 
the left in the Southern Hemisphere.

Air Masses, Temperature, and Density

Warm air is less dense than cold air. This is because molecules in warm air are more active 
than the molecules in cold air. As the molecules move about with increasing speed, the spacing 
between individual molecules increases. As a result, the density of the air decreases. Air masses 
are classified by their temperature and humidity.

Convection is the upward and downward movement of air caused by differences in air temperature. 

A front is a narrow zone of transition between air masses that contrast in temperature 
and/or humidity. 

Thunderstorm Formation and Flash Floods

The most intense thunderstorms usually develop in association with cold fronts. Thunderstorms 
can also be caused by air rising along warm fronts. Thunderstorms can be caused locally by 
convection within a warm and humid air mass. 

There are three stages of thunderstorm development. During the cumulus stage, clouds build. 
During the mature stage, there is precipitation. During the dissipation stage, precipitation ends. 

A flash flood is a sudden rise in the water level of a stream, a river, or a human-made drainage 
channel in response to extremely heavy rains. 

Lightning and Thunder

All thunderstorms, no matter how weak, produce lightning. Lightning tends to follow the 
shortest path between the cloud and the ground. 

Lightning is a powerful electrical discharge. A thunderstorm cloud is called a cumulonimbus 
cloud. When it forms, its upper regions and small region near the cloud base develop a positive 
charge. In between, a pancake-shaped zone of negative charge forms. During this charge 
separation, the cumulonimbus cloud induces a positive electrical charge on the ground directly 
under the cloud. 
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Tornadoes

Tornadoes threaten people and property. This is mainly due their exceptionally strong winds and 
powerful updrafts. In violent tornadoes, the updraft near the center of the system may be more 
than 160 km/h (100 mi/h). 

Hurricanes

A tropical cyclone is a storm that forms above tropical oceans. It is characterized by a mass of 
low pressure, strong winds, and intense rain. Hurricanes are very severe tropical cyclones.

Hurricanes are affected by the strength and direction of the trade winds and are generally pushed 
from east to west across the oceans.

High winds and flooding are the two greatest destructive forces of hurricanes. The most severe 
and life-threatening phenomena associated with hurricanes are storm surges. 

The Circulation of the Oceans

The circulation of the upper layer of the ocean is caused mainly by wind stress, the wind’s 
friction on the ocean surface. The wind blowing across a water surface also makes waves on 
the water surface. 

Water in the ocean appears to move in a curved path. This happens because water, which begins 
moving in a straight line, is affected by the rotation of Earth (Coriolis effect). 

The slow movements of the deep water masses form a gigantic circulation cell. Cold waters form 
near the surface at high northern and southern latitudes. They flow toward the equator. The deep 
waters gradually rise up toward the surface at low latitudes. There they are warmed. Then they 
flow back to high latitudes to complete the loop. 

A gyre is a circular motion of surface water in each of the major ocean basins. Gyres circulate 
clockwise in the ocean basins of the Northern Hemisphere. They circulate counterclockwise in 
the ocean basins of the Southern Hemisphere.

Seawater Temperature, Salinity, and Density

Water in the oceans can sink, rise, or flow horizontally relative to the surrounding water. The 
horizontal movements of ocean water are called ocean currents. 

The movement of deep ocean water is controlled by the density of the water. The density of 
seawater depends on temperature and salinity. 

The concentration of dissolved salts in ocean water is called salinity. The salinity of ocean water 
is about 35 parts per thousand. 

El Niño Conditions and Non-El Niño Conditions

El Niño conditions and non-El Niño conditions are two different states of the ocean and 
the atmosphere. They alternate with each other irregularly as the years go by. Non-El Niño 
conditions usually last about three to six years. 

During non-El Niño conditions, along the Peruvian coast of South America, a strong northwest-
flowing current causes upwelling. This brings deeper water that is rich in nutrients up to the 
surface. These cold waters support a rich population of fish. 

During El Niño conditions, the sea surface temperatures in the eastern equatorial Pacific Ocean, 
off the coast of Peru, are much higher than during other times. 
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