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2 Exploring Wind Energy

The Beaufort Scale
At the age of 12, 

Francis Beaufort 

joined the British 

Royal Navy. 

For more than 

twenty years, he 

sailed the oceans 

and studied the 

wind, which was 

the main power 

source for the 

navy’s !eet. In 

1805, he created 

a scale to rate the power of the wind based on 

observations of common things around him 

rather than instruments. 

The Beaufort Scale ranks winds from 0–12 

based on how strong they are, with each wind 

given a name from calm to hurricane. The 

Beaufort Scale can be used to estimate the 

speed of the wind. 

What is Wind?
Wind is simply air in motion. It is produced by the uneven heating of 

the Earth’s surface by energy from the sun. Since the Earth’s surface 

is made of very di"erent types of land and water, it absorbs the sun’s 

radiant energy at di"erent rates. Much of this energy is converted 

into heat as it is absorbed by land areas, bodies of water, and the air 

over these formations.

Physics of Wind
The energy in wind comes from the sun. When the sun shines, some 

of its light (radiant energy) reaches the Earth’s surface. The Earth 

near the Equator receives more of the sun’s energy than the North 

and South Poles. 

Some parts of the Earth absorb more radiant energy than others. 

Some parts re ect more of the sun’s rays back into the air.

The fraction of light striking a surface that gets re!ected is called 

albedo.

Introduction to Wind

Forest
5% to 15%

Water
5% to 80%

(varies with sun angle)

Light roof
35% to 50%

Dark roof
10% to 15%

Asphalt
5% to 10%

Thick clouds
70% to 80%

Thin clouds
30% to 50%

Snow
50% to 90%

Albedo

The Earth’s surface and objects re!ect di"erent amounts of 
sunlight.

BEAUFORT SCALE OF WIND SPEED

BEAUFORT 
NUMBER

NAME OF WIND LAND CONDITIONS WIND SPEED (MPH)

0 Calm Smoke rises vertically Less than  1

1 Light air
Direction of wind shown by smoke drift 

but not by wind vanes
1 - 3

2 Light breeze
Wind felt on face, leaves rustle, ordinary 

wind vane moved by wind
4 - 7

3 Gentle breeze
Leaves and small twigs in constant 

motion, wind extends light "ag
8 - 12

4 Moderate breeze
Wind raises dust and loose paper, small 

branches move
13 - 18

5 Fresh breeze Small trees and leaves start to sway 19 - 24

6 Strong breeze
Large branches in motion, whistling in  

wires, umbrellas used with di#culty
25 - 31

7 Near gale
Whole trees in motion, inconvenient to 

walk against wind
32 - 38

8 Gale Twigs break from trees, di#cult to walk 39- 46

9 Strong gale
Slight structural damage occurs, shingles 

and slates removed from roof
47 - 54

10 Storm
Trees uprooted, considerable structural 

damage occurs
55 - 63

11 Violent storm Widespread damage 64- 72

12 Hurricane Widespread damage, devastation Greater than 72
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Some types of land absorb more radiant energy than others. Dark 

forests absorb sunlight while light desert sands re!ect it. Land 

areas usually absorb more energy than water in lakes and oceans. 

When the Earth’s surface absorbs the sun’s energy, it turns the 

radiant energy into thermal energy. This thermal energy on the 

Earth’s surface warms the air above it. 

The air over the Equator gets warmer than the air over the poles. 

The air over the desert gets warmer than the air in the mountains. 

The air over land usually gets warmer than the air over water. As 

air warms, it expands. Its molecules get farther apart. The warm air 

is less dense than the air around it and rises into the atmosphere. 

Cooler, denser air nearby !ows in to take its place. 

This moving air is what we call wind. It is caused by the uneven 

heating of the Earth’s surface.

Local Winds
The wind blows all over the planet, but mountainous and coastal 

areas have more steady and reliable winds than other places. Local 

winds are a"ected by changes in the shape of the land. Wind can 

blow fast and strong across the open prairie. Wind slows down and 

changes directions frequently when the land surface is uneven, or 

covered with forests or buildings.

 Mountain and Valley Winds
Local winds form when land heats up faster in one place than 

another. A mountain slope, for example, might warm up faster than 

the valley below. The warm air is lighter and rises up the slope. Cold 

air rushes in near the base of the mountain, causing wind to sweep 

through the valley. This is called a valley wind. 

Cool, Dense AirWarm, Less Dense Air

Average Wind Speed at 80 Meters

Data: NREL

0 to 5.5 m/s (0 to 12.4 mph)

Data: National Renewable Energy LaboratoryFaster than 9.5 m/s (faster than 21.3 mph)

7.6 to 9.4 m/s (17 to 21.2 mph)

5.6 to 7.5 m/s (12.5 to 16.9 mph)

0 to 5.5 m/s (0 to 12.4 mph)

Average Wind Speed at 80 Meters Altitude
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MOUNTAINS AND VALLEYS MOUNTAIN RIDGE WIND TURBINES

OFFSHORE WIND TURBINES

At night, the wind can change direction. After the sun sets, the 

mountain slope cools o" quickly. Warm air is pushed out of the 

way as cool air sinks, causing wind to blow down toward the 

valley. This is called a mountain wind, or katabatic winds. 

When katabatic winds blow through narrow valleys between 

mountains, the speed of the wind increases. This is called the 

tunnel e"ect. Katabatic winds sometimes have special names 

throughout the world. In the United States, there are two—the 

Chinook is an easterly wind in the Rocky Mountains and the 

Santa Ana is an easterly wind in southern California.

 Sea and Land Breezes
During the day along the coast, the land and water absorb 

radiant energy from the sun. They do not, however, change 

temperature at the same rate because they are made of 

substances with di"erent speci#c heat values. Speci#c heat is 

the amount of heat energy needed to raise the temperature 

of one gram of a substance one degree Celsius. Water has the 

highest speci#c heat of common substances, which means it 

takes more energy to increase the temperature of water than to 

raise the temperature of the same quantity of other substances. 

Because of its lower speci#c heat, land heats faster and cools 

more rapidly than water, and the air over the land also heats 

more rapidly than air over the water. The heated air over the 

land rises, creating an area of low pressure. The air over the sea 

is cooler, creating an area of higher pressure. Winds !ow from 

areas of high pressure to areas of low pressure, thus the cooler 

air in the high-pressure area over the sea moves to the area of 

low pressure over land. This is called a sea breeze because the 

wind is coming from the sea toward the land.

At night, the land cools more rapidly than the water, which 

means the sea is now warmer than the shore, and the air over 

the sea becomes warmer than the air over the land. The warm, 

rising sea air creates an area of low pressure, and the cooler air 

over the land creates an area of higher pressure. The air again 

moves from higher to lower pressure, from land to sea. This 

breeze is called a land breeze.

Land Breeze

Sea Breeze

Because of the winds associated with mountainous and coastal 
regions, wind farms are more economical in those locations.
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The large arrows show the 

direction of surface wind !ow.

The arrows in the cells show 

the direction of air circulation 

in the atmosphere.
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Warmer air rises

Cooler air descends

Cooler air descends

Warmer air rises

POLAR EASTERLIES

PREVAILING WESTERLIES

NE TRADE WINDS

PREVAILING WESTERLIES

SE TRADE WINDS

EQUATOR - DOLDRUMS

Global Wind Patterns
The Equator receives the sun’s most direct rays. Here, air is heated 

and rises, leaving low-pressure areas. Moving to about 30 degrees 

north and south of the Equator, the warm air from the Equator 

begins to cool and sink. The trade winds, westerlies, and easterlies 

!ow around the world and cause many of the Earth’s weather 

patterns.

 Trade Winds
Most of this cooling air moves back toward the Equator. The rest 

of the air !ows toward the North and South Poles. The air streams 

moving toward the Equator are called trade winds—warm, steady 

breezes that blow almost all the time. The Coriolis E"ect, caused 

by the rotation of the Earth, makes the trade winds appear to be 

curving to the west. 

 Doldrums
The trade winds coming from the south and the north meet near 

the Equator. As the trade winds meet, they turn upward as the air 

warms, so there are no steady surface winds. This area of calm is 

called the doldrums. 

 Prevailing Westerlies
Between 30 and 60 degrees latitude, the air moving toward the 

poles appears to curve to the east. Because winds are named for the 

direction from which they blow, these winds are called prevailing 

westerlies. Prevailing westerlies in the Northern Hemisphere cause 

much of the weather across the United States and Canada. This 

means in the U.S., we can look to the weather west of us to see what 

our weather will be like in the coming days.

Polar Easterlies
At about 60 degrees latitude in both hemispheres, the prevailing 

westerlies join with polar easterlies. The polar easterlies form when 

the air over the poles cools. This cool air sinks and spreads over the 

surface. As the air !ows away from the poles, it curves to the west by 

the Coriolis E"ect. Because these winds begin in the east, they are 

called polar easterlies.

Jet Streams
The highest winds are the jet streams. They are formed where the 

other wind systems meet. The jet streams !ow far above the Earth 

where there is nothing to block their paths. These fast moving “rivers 

of air” pull air around the planet, from west to east, carrying weather 

systems with them. 

These global winds—trade winds, prevailing westerlies, polar 

easterlies, and the jet streams—!ow around the world and cause 

most of the Earth’s weather patterns. 

Global Wind Patterns

Equator

Polar Jet

Polar Jet

Subtropical Jet

Subtropical Jet

Jet Streams



6 Exploring Wind Energy

Measuring Wind Direction and Speed

Wind Direction
A weather vane, or wind vane, is used to show the direction of the 

wind. A wind vane points toward the source of the wind. Some 

locations such as airports use windsocks to show the direction in 

which the wind is blowing.

Wind direction is reported as the direction from which the wind 

blows, not the direction toward which the wind moves. A north 

wind blows from the north toward the south.

 Wind Velocity
Wind speed is important because the amount of electricity that 

wind turbines can generate is determined in large part by wind 

speed, or velocity. 

A doubling of wind velocity from the low range into the optimal 

range of a turbine can result in eight times the amount of power 

produced. This huge di"erence helps wind companies decide 

where to site wind turbines.

Wind power, measured in watts, is determined by air density, the 

area swept by the turbine blades, and wind velocity, according to 

the following formula:

Wind speed can be measured using an instrument called an 

anemometer. One type of anemometer is a device with three arms 

that spin on top of a shaft.

Each arm has a cup on its end. The cups catch the wind and spin 

the shaft. The harder the wind blows, the faster the shaft spins. 

A device inside counts the number of rotations per minute and 

converts that #gure into miles per hour (mph) or meters per 

second (m/s). A display on a recording device called a data logger 

shows the speed of the wind. There are also digital anemometers 

that measure wind speed.

Wind Shear and Turbulence
When wind moves across the Earth’s surface, it is slowed by friction 

as it runs into and !ows around obstacles on the surface or meets 

other air masses. Friction also a"ects the direction of the wind. 

Higher in the atmosphere, away from the Earth, the wind meets 

fewer obstacles, and therefore less friction is produced. Winds 

there are smooth and fast.

WIND VANE ANEMOMETER

Wind shear is de#ned as an abrupt change in wind speed and/

or wind direction at di"erent heights in the atmosphere or within 

a short distance. It can be in a horizontal direction, a vertical 

direction, or in both directions. Some wind shear is common in the 

atmosphere. Larger values of wind shear exist near fronts, cyclones, 

and the jet stream. Wind shear in an unstable atmospheric layer can 

result in turbulence.

Turbulence is de#ned as a disturbance in the speed and direction 

of the wind that results in random, disordered movement of air 

molecules. It occurs when the !ow of wind is disturbed, and the 

direction or speed is changed. When wind mixes warm and cold 

air together in the atmosphere, turbulence is also created. This 

turbulence is sometimes felt as a bumpy ride during an airplane 

!ight.

Wind shear and turbulence are concerns to wind turbine engineers 

because they can a"ect the operation and output of turbines, and 

even cause them to fail.

WIND DIRECTION

Wind direction is reported as the direction from which the wind 
blows, not the direction toward which the wind moves.

Power = ½ ρAV3  

Watts = ½ (kg/m3) x (m2) x (m/s)3

ρ = air density; 1.2 kg/ m3 at 
standard ambient temperature 
and pressure

A = swept area (A = πr 2)

V = velocity

r = radius

π = 3.1416

m = meter

s = second


