
Chapter 5: Winds, 

Oceans, Weather, 

and Climate 



Section 1: Global Wind Patterns and Weather 

On average, the solar radiation received at higher latitudes is less intense 

than at lower latitudes. As a result, polar regions have much lower 

temperatures than tropical regions. In Earth’s atmosphere, the colder, 

denser air around the poles sinks. This creates regions of high pressure. In 

contrast, the warmer, less dense air of the tropics rises. This creates regions 

of low pressure. 



Figure 1 On average, the solar 

radiation that reaches areas at 

higher latitudes is less intense 

than the solar radiation that 

reaches the tropics. As a result, 

polar regions have much lower 

temperatures than tropical 

regions. In Earth’s atmosphere, 

the colder, denser air around the 

poles sinks. This creates regions 

of high pressure. In contrast, the 

warmer, less dense air of the 

tropics rises. This creates 

regions of low pressure. 

 

• How does Earth’s atmosphere respond to 

regional differences in pressure caused by the 

unequal heating of Earth? 



• conduction: the direct transfer of heat from one 

substance to another substance through contact. 

• wind: the movement of air from an area of high 

pressure to an area of lower pressure. 

• Coriolis effect: the deflection of a moving body on 

the surface of Earth to the right in the Northern 

Hemisphere and to the left in the Southern 

Hemisphere. 

• global wind belts: atmospheric convection cells on 

a global scale that move air thousands of kilometers. 

Section 1: Global Wind Patterns and Weather 



Figure 2 Winds at Earth’s surface blow from the poles toward the equator. 

Higher in the atmosphere, air flows away from the  equator toward the poles. 

• global winds near Earth’s surface and winds at higher altitudes produce 

a convection cell-type of circulation pattern. 



Figure 3 Earth’s rotation deflects the motion of objects moving 

freely across Earth’s surface. 



Figure 4 The magnitude of the Coriolis effect varies from zero 

(no deflection) at the equator to a maximum at the North and 

South Poles. 



Figure 5 The intertropical convergence zone is a band of low 

pressure that occurs near the equator where warm air rises 

steadily with little horizontal movement. 

Intertropical convergence zone (or doldrums): the low-

pressure zone at the equator, where the winds from the 

Northern and Southern Hemispheres converge. 



Figure 6 The lower atmosphere circulates in six major global wind belts. 

horse latitudes: belts of high air pressure and 

descending air with little rain, located at about 30° north 

and south latitudes. 



• trade winds: winds that blow diagonally 

westward toward the equator in each 

hemisphere between 30° north and south 

latitudes and the equator. 

• Hadley cells: atmospheric convection cells 

that circulate from the equator to 30° north and 

south latitudes. 

• prevailing westerlies: surface winds that low 

toward the poles in an easterly direction 

between about 30° to 60° north and south 

latitudes. 
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• Ferrel cells: atmospheric convection cells that 

circulate between about 30° to 60° north and south 

latitudes. 

• polar easterlies: surface winds that flow in a  

westerly direction from the poles to latitudes at about 

60° north and south. 

• polar cells: atmospheric convection cells that 

circulate above latitudes of 60° north and south. 

Section 1: Global Wind Patterns and Weather 



Figure 7 Four jet streams circle Earth in the upper atmosphere. 

jet stream: a 

current of fast-

moving air in the 

upper 

atmosphere. 

subtropical jet stream: narrow band of highspeed winds in the 

upper atmosphere, at around 12 km above the surface of Earth 

that occurs where Hadley cells meet Ferrel cells at about 30° 

north and south latitudes. 



polar front: the boundary at which air flowing away from 

the polar regions collides with warmer air from the lower 

latitudes. 

Figure 8 The polar jet stream is a fast-moving wind formed where 

polar cells meet Ferrel cells. 



Figure 9 In the Northern Hemisphere, the polar jet stream shifts 

north in the summer and south in the winter. 

polar jet stream (or mid-latitude jet stream): narrow band of 

high-speed winds in the upper atmosphere, at around 12 km 

above the surface of Earth that occurs here Ferrel cells meet 

polar cells at about 60° north and south latitudes. 



Section 2: Weather Basics 

The weather affects you in many ways every day. It determines what you wear, 

how you travel, and what events are possible (and impossible). 

• How can heat affect the movement of air masses? 

• What happens when air masses interact? 

• What components make up the weather? 



• air mass: a large body of air with similar temperature 

and moisture characteristics throughout. 

• convection: the transfer of heat by vertical 

movements in the atmosphere as a result of density 

differences caused by heating from below. 

• orographic: relating to mountains. 

• front: a narrow zone of transition between air 

masses that contrast in temperature and/or humidity. 

• water vapor: the invisible gaseous state of water in 

the atmosphere. 
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Figure 1 Source regions for air masses in North America. 



Figure 2 A cold front is the leading edge of an advancing cold air 

mass. 

cold front: the zone where a cold air mass advances and 

meets a warm air mass, pushing up the less dense warm air. 



Figure 3 A warm front is the leading edge of an advancing warm 

air mass. 

warm front: the zone where a warm air mass advances and 

meets a cold air mass, rising over the denser cold air. 



Figure 4 A front that stalls is known as a stationary front. 

stationary front: the zone where a cold and warm air mass 

meet, but neither one has enough force to move the other 

. 



Figure 5 A warm air mass caught between two colder air masses 

forms an occluded front. 

occluded front: the zone where a faster moving old front 

overtakes a slower moving warm front, causing the warm 

air to be completely lifted off the ground. 



• weather: the atmospheric conditions at a particular 

time, day to day. 

• temperature: the measure of the average motion of 

molecules. 

• air pressure: the force of the atmosphere above a 

given point. 

• relative humidity: the ratio of the amount of water a 

volume of air holds at a particular temperature 

compared to how much water the volume of air could 

hold at that same temperature. 
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Figure 6 A wind vane (left) measures wind direction, while an 

anemometer (right) measures wind speed. 



Figure 7 Clouds come in many shapes and heights at a variety of altitudes. 



Figure 9 The water cycle is a vital component of weather 

systems. 





Section 3: Thunderstorms and Flash Floods 

At any given moment, about 1800 thunderstorms are happening on Earth. This 

equates to about 16 million thunderstorms per year worldwide. 

• Where are thunderstorms most likely to occur in the United States? Why? 

• How do thunderstorms form? 

• How can thunderstorms result in flash floods? 



Average number of thunderstorm days across the United States. 



Figure 1 The flat bases and towering tops of growing cumulus clouds 

often represent the first stage of thunderstorm formation. 



Figure 2 Surface heating and updrafted air result in the formation of 

clouds. 



Figure 3 A thunderstorm reaches its mature stage with the onset of 

precipitation. 



Figure 4 Rapidly rising waters during a flash flood submerged this 

car. 

flash flood: a sudden rise in the water level of a stream, river, 

or human-made drainage channel in response to extremely 

heavy rains. 



• drainage basin (or watershed): the geographic 

area from which all the rain that falls eventually flows 

to the same final destination. 

• floodplain: any flat or nearly flat lowland that 

borders a river and is covered by water when the 

river rises above flood stage. 

• lightning: the visible electrical discharge of a 

thunderstorm caused when the electrical charge of a 

thunderstorm overcomes the ability of the 

surrounding air as an insulator. 
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Figure 5 In urban areas, pavement prevents rain from filtering into 

the soil, making cities more susceptible to the dangers of flash floods. 



Figure 6 (left) Lightning 

between a cumulonimbus 

cloud and Earth’s surface. 

Figure 7 (right) You see the 

electrical discharge of lightning 

before you hear the clap of thunder 

because light travels faster than 

sound. 





Figure 8 Lightning damage can be extensive. 



• Keep alert for signs of heavy rain (thunder and lightning), both 

where you are and upstream. 

• Watch for rising water levels. 

• Know where high ground is and get there quickly if you see or hear 

rapidly rising water. 

• Do not pitch your tent in a dry streambed. 

• Be especially cautious at night. The danger is harder to recognize 

then. 

• Do not attempt to cross flowing water that may be more than knee 

deep. If you have doubts, do not cross. 

• Do not try to drive through flooded areas. 

• If your vehicle stalls, abandon it and seek higher ground 

immediately. 

• During threatening weather, listen to commercial radio, television, 

or NOAA Weather Radio for weather watch and warning bulletins. 

Safety Tips for Floods 



• Lightning is most frequent during the mature stage of a 

thunderstorm’s life cycle. 

• Lightning can strike the ground many kilometers beyond the 

parent thunderstorm.  

• Lightning can strike areas where rain is not yet falling or has 

stopped falling. 

• Lightning is most dangerous when it strikes something that 

readily conducts electricity.  

• Avoid metallic objects such as lawn mowers, wire fences, and 

telephones. 

Lightning Safety Tips 



• Contrary to popular belief, an automobile’s tires provide 

occupants with little or no protection from lightning. Lightning 

that strikes a motor vehicle flows through the steel frame to 

the tires and then to the ground. Without direct contact with 

the metal frame, passengers usually escape injury.  

• Lightning also tends to follow the shortest path between the 

cloud and the ground. Therefore, when thunderstorms are 

threatening, stay away from high places. Places such as 

hilltops or tall objects such as isolated trees might attract 

lightning.  

• If you are with someone who has been struck by lightning, it is 

important for you to know that the person does not carry an 

electrical charge. It is safe to touch the person and provide 

first aid after the lightning strike. 

Lightning Safety Tips (continued) 





Section 4: Severe Winds and Tornadoes 

In the United States, 10,000 severe thunderstorms occur in an average year. 

About 10 percent of these produce tornadoes and about 1 percent of those 

tornadoes are violent. 

• What is a tornado? 

• How likely is it that your community will experience a tornado? 







Figure 1 Wind shear can be very dangerous for aircraft. 

• microburst: an intense downdraft affecting a relatively 

small area (4 km or less across). 

• wind shear: a sudden change in wind speed or direction 

with distance. 





Figure 2 (left) Tornadoes 

come in a variety of 

shapes and sizes. 

Figure 3 (right) The funnel of a 

mesocyclone is made visible by 

water droplets. 



• supercell: a single thunderstorm cell that is much 

larger and longer-lasting than an ordinary cell. 

• mesocyclone: a counterclockwise (when viewed 

from above) circulation that develops in a supercell 

thunderstorm; may evolve into a tornado. 

• squall line: a elongated band of thunderstorm cells. 

• cyclone: a large, low-pressure weather system in 

which surface winds blow counterclockwise and 

inward when viewed from above in the Northern 

Hemisphere. 

Section 4: Severe Winds and Tornadoes  



Figure 4 Circulation of air around a low-pressure system can 

lead to the formation of severe thunderstorms and tornadoes. 



Figure 5 Although there is no ―tornado season,‖ tornadoes are 

more likely to occur in certain areas during certain times of the 

year. 



Figure 6 Doppler radar display showing a tornado vortex 

signature (TVS) near the center. 



• If you have been warned that a tornado is 

approaching or if you see a funnel cloud, you need to 

seek shelter. 

• Go to a tornado shelter or a steel-framed or 

substantially reinforced concrete building. If you are 

at home, go to the basement. If there is no 

basement, go to a small room (such as a closet, 

bathroom, or interior hallway) in the center of the 

house on the lowest floor. 

• Seek shelter under a mattress or a rigid piece of 

furniture. 

• Do not go near windows and outside walls and do 

not open windows or exterior doors. 

Tornado Safety Tips 



• If you are in an office building or school, go to an 

interior hallway on the lowest floor or a designated 

shelter area. Lie flat on the floor with your head 

covered. If possible, avoid auditoriums, gymnasiums, 

supermarkets, or other buildings that have wide, 

free-span roofs. 

• Never try to outrun a tornado in a car. Tornadoes 

move quickly and erratically, so it is hard to 

anticipate which direction they are going. Instead, 

stop and seek shelter indoors. If this is not possible, 

lie flat in a ravine, creek bed, or open ditch that is not 

flooded. 

• Never seek shelter in a mobile home, car, or other 

motor vehicle. 

Tornado Safety Tips 





Section 5: Tropical Storms and Hurricanes 

The Atlantic hurricane season brings some of the most severe weather to North 

America. The United States gets hit by an average of six major hurricanes each 

decade. Each year, the East Coast is hit by several tropical and subtropical 

storms, some of which become hurricanes. 

• What is a hurricane? 

• Which factors control the life cycle of a hurricane? 



• The Atlantic hurricane season brings some of the most 

severe weather to North America. The United States gets 

hit by an average of six major hurricanes each decade. 

Each year, the East Coast is hit by several tropical and 

subtropical storms, some of which become hurricanes.  

• The term hurricane probably originates from Huraken, 

the Mayan god of winds and storms. A hurricane is a 

very severe-weather system characterized by strong 

winds and intense rain that occurs in North and South 

America. Hurricanes begin their lives as tropical 

cyclones—large, rotating, low-pressure weather systems 

that form over warm, tropical oceans.  

Hurricanes 



• They develop in tropical areas, between 5–10° and 30° 

North and South. Tropical cyclones usually develop 

during the summer and fall, when the ocean surface is 

warmest. 

• The way tropical cyclones form makes them different 

from other kinds of cyclones. They cover a smaller area 

and have neither warm nor cold fronts. They get their 

energy from the heat of surface ocean water and not 

from cold and warm air masses. 

Hurricanes 









• tropical cyclone: a storm system with a large center 

of low pressure, very strong winds, and intense rain, 

that usually forms in the tropics. 

• tropical depression: a tropical cyclone in North and 

South America where sustained winds are 61 km/h 

(38 mi/h) or less.  

• tropical storm: a tropical cyclone in North and 

South America where sustained winds are 117 km/h 

(73 mi/h) or less. 

• hurricane: a tropical cyclone in North and South 

America where sustained winds exceed 119 km/h 

(74 mi/h). 

Section 5: Tropical Storms and Hurricanes  



Figure 1 Hurricane Katrina strengthens in the Gulf of Mexico, 

August 29, 2005. 



Figure 2 Sea surface temperatures in late summer. 



Figure 3 The internal structure and movement of a hurricane. 

• eye (of a hurricane): the relatively calm, low-pressure center of 

a hurricane. 

• eye wall: circular ring of dense clouds that contains the highest 

winds in a hurricane. 



Table 4 Saffir-Simpson Hurricane Intensity Scale. 



Figure 4 The paths and strengths of tropical cyclones.. 



Figure 5 The storm surge produces a higher-than-average tide. 

• storm surge: the water pushed toward the shore by winds 

swirling around the hurricane. 



Figure 6 The path of Hurricane Katrina. 



Figure 7 Hurricane Katrina taken from the TRMM satellite on 

August 28. Blue represents at least 0.25 inches of rain per hour, 

green represents at least 0.5 inches per hour, yellow represents 

at least 1 inch per hour, and red represents at least 2 inches per 

hour. 



Figure 8 (left) Tractor 

trailers in Biloxi, 

Mississippi were tossed 

around like boxes by the 

storm waters. 

Figure 9 (right) Inland 

flooding from fresh water 

is a major threat from 

tropical cyclones. 



Figure 10 In New Orleans, hundreds of sandbags were 

used to support levees that had failed. 



Figure 11 Data show that more than half of the deaths caused 

by tropical cyclones are in fresh water. 



Section 6: The Surface Circulation of the Ocean 

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? 



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. 



Surface ocean circulation. Warm currents are shown in red, cold 

currents are shown in blue. 



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. 



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

• ocean current: a predominantly horizontal movement of ocean 

water. 

• gyre: a circular motion of water in each of the major ocean 

basins. 



Figure 2 Mounds in the centers of the ocean basins. 



Figure 3 A cross section of a coastal area showing the forces 

and motion in upwelling. 

• upwelling: the upward movement of ocean water from deep in 

the ocean to the surface. 

• downwelling: the downward movement of ocean water from 

the surface. 



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? 



Section 7: The Deep Circulation of the Ocean 

The circulation of oceans has been likened to a great conveyor. As you 

read in the previous section, the circulation of the surface layer of the 

ocean is caused mainly by wind. 

• What makes deep ocean waters move? 



• salinity: the concentration of dissolved salts 

in seawater, expressed as parts per 

thousand. 

• water mass: a large region of water within 

the  ocean with about the same temperature 

and salinity of water. 

• oceanographers: scientists who study 

Earth’s oceans. 

Section 7: The Deep Circulation of the Ocean 



• The movement of deep ocean water is 

controlled by the density of the water. 

• Density of seawater is determined by two 

factors: temperature and salinity. 

– Warm water = less dense 

– Cold water = more dense 

– More saline = more dense 

– Less saline = less dense 

• Temperature is affected by unequal heating of 

the Earth. 

• Salinity is affected by precipitation vs. 

evaporation, fresh water influx, and sea ice 

formation. 



Figure 1 Why are the water masses formed off the coast of 

Antarctica so dense? 



Figure 2 Circulation cell formed by movement of deep water 

masses. 



Figure 3 Major features and dimensions along a continental 

margin. 



• continental shelf: part of a continental margin 

between the shore and the continental slope with 

an extremely shallow gradient (approximately 0.1°). 

• continental slope: the relatively steep slope (3–6°) 

between the continental shelf and the continental 

rise. 

• continental rise: the flat and gently sloping (often 

less than 1:40) part of the continental margin 

between the abyssal plain and the continental 

slope. 

• continental margin: the parts of the ocean floor 

between the abyssal plain and the shoreline. 

Section 7: The Deep Circulation of the Ocean 



Figure 4 A satellite-generated map of the ocean floor showing 

the continental margin of the East Coast and the adjacent 

abyssal plain and hills. 

• abyssal plain: the flat, broad region of the ocean floor with 

almost no slope and covered by sediments. 

• abyssal hills: a series of small rolling hills on the ocean floor 

that occur next to continental margins and oceanic ridges. 



Figure 5 Major features of the ocean floor. 



Figure 6 This image shows the mid-ocean ridge as it appears in the Atlantic 

Ocean. 



Figure 7 A rift valley runs along the mid-ocean ridge. 



Figure 8 Newly formed particles and hot fluids rise from new crust forming at 

the mid-Atlantic ridge. 



Figure 9 Major features of a mid-ocean ridge. 



Figure 10 An image of a 3000-m high seamount. 



Figure 11 Sample temperature-depth profiles for waters at the equator, 

tropics, and high latitudes (poles). 

thermocline: the zone of rapid change from warm water to cold 

water with increasing depth in the ocean. 



Figure 12 Sample density-depth profiles for water at the equator, tropics, and 

high latitudes (poles). 

pycnocline: a layer of water in the ocean characterized by a 

rapid change of density with depth. 



Figure 13 Surface winds on the ocean can produce waves that are hazardous 

to boats. 

wind stress: the friction force exerted on the ocean surface 

by the wind. 



Deep-diving submersibles allow oceanographers to study the deepest 

parts of the ocean. 



Section 8: El Niño and Ocean Circulation 

Imagine that you and your friends have to make a nighttime parachute 

jump into unfamiliar waters. 

• What are some ways of learning about the distance to the water 

surface, the depth of the water, and the water temperature, without actually 

touching the water? 



Figure 1 Upwelling off the coast of Peru. 

El Niño: a period where a warm ocean current replaces a 

cold upwelling current off the coast of Peru. 



Figure 2 The waters along the Peruvian coast of South America receive 

nutrients via upwelling. 



Figure 3 Normal (top) oceanic and atmospheric conditions in the equatorial 

Pacific, illustrating Walker circulation cells. During an El Niño event (bottom), 

shifts in atmospheric pressure result in a weakening of the trade winds and a 

shift in precipitation. 

Walker circulation: circulation cells within the equatorial 

atmosphere caused by differences in climate. 



Figure 4 The red line gives sea surface temperature (SST) anomalies at 

Puerto Chicama, Peru with respect to the long-term average from 1950–1979, 

an indicator of El Niño. The blue line represents the Southern Oscillation 

Index (SOI) that is the difference in sea-level pressure between Darwin, 

Australia and Tahiti. El Niño events are shaded in red and La Niña events are 

shaded in blue. Low values of the SOI often reflect weaker Pacific trade winds 

and cooler sea temperatures associated with El Niño events. 



These images are cross sections of the equatorial Pacific Ocean. Red 

indicates warmer water temperature, and blue indicates colder water 

temperature. The January 1997 image represents ―normal‖ non-El Niño 

conditions, while the November 1997 image illustrates El Niño conditions. 



Section 9: Present-Day Climate in Your Community 

A friend e-mails you from Italy to ask what your environment 

and climate are like. You plan to e-mail her a reply. 

• How would you describe the physical environment of your community? 

• How would you describe the climate of your community? 



Abbreviations for climatic zones are based upon the Koppen classification system. 



• climate: the general pattern of weather conditions 

for a region over a long period of time (at least 30 

years). 

• latitude: a north-south measurement of position on 

Earth. It is defined by the angle measured from 

Earth’s equatorial plane. 

• elevation: the height of the land surface relative to 

sea level. 

• glacier: a large, long-lasting accumulation of snow 

and ice that develops on land and flows under its 

own weight. 

Section 9: Present-Day Climate in Your Community 



Figure 1 Mountains at high elevation and high latitudes often contain glaciers. 



• windward: the upwind side or side directly 

influenced y the direction that the wind blows from; 

opposite of leeward. 

• leeward: the downwind side of an elevated area 

like a mountain; opposite of windward. 

• rain shadow: the reduction of precipitation 

commonly found on the leeward side of a mountain. 

• 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. 

Section 9: Present-Day Climate in Your Community 



Figure 2 The rain shadow effect. Most North American deserts are influenced 

by this effect. 



• lake-effect snow: the snow that is precipitated 

when an air mass that has gained moisture by 

moving over a relatively warm water body is cooled 

as it passes over relatively cold land. This cooling 

triggers condensation of clouds and precipitation. 

• global climate: the mean climatic conditions over 

the surface of Earth as determined by the 

averaging of a large number of observations 

spatially distributed throughout Earth. 

Section 9: Present-Day Climate in Your Community 



Figure 3 Large lakes can cause snowstorms. 


