Chapter 5 Winds, Oceans, Weather, and Climate

Section 2

Weather Basics
What Do You See?

Learning Outcomes

Think About It

In this section, you will

The weather affects you in many ways every day. It determines
what you wear, how you travel, and what events are possible
(and impossible).

• Investigate how the density
of air alters with change in
air temperature.
• Learn how air masses at
different temperatures interact.
• Measure the elements that
make up weather.
• Compare weather forecasts
with weather data.

• How can heat affect the movement of air masses?
• What happens when air masses interact?
• What components make up the weather?
Record your ideas about these questions in your Geo log. Include
sketches or diagrams as needed. Be prepared to discuss your
responses with your small group and the class.

Investigate
In Part A of this Investigate, you will explore the effects of
different temperatures on a volume of air. In Part B, you will use
weather maps to examine what happens when warm and cold air
masses meet. You will also record the weather prediction for the
next few days. In Part C, you will go outdoors to use a variety
of instruments and visual observations to collect weather data.
In Part D, you will compare your weather data to the weather
forecast from Part B.
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2. Obtain a plastic clothes bag—the type
used at a dry cleaner. Seal the hole at
the top end of the bag with a small
piece of masking tape. Tape the bottom
of the bag so that it has an opening of
about 15 cm. Using a hair dryer set on
high, inflate the plastic bag with hot air
for 1 min. Do not attach the bag to the
hair dryer. Now release the inflated bag.

Part A: Temperature Effects on Air
1. Obtain a balloon and inflate it. Tie a
piece of string around the widest part
of the balloon. Make the string tight
enough so it will not slip off easily,
but not so tight that it is squeezing
the balloon. Place the balloon in a
freezer (or in an ice-filled cooler).
After 15 minutes, remove the balloon
from the freezer.

a) Record your observations in your log.
b) Explain your observations. Make
sure you refer to the density of air
in your explanation.

If the balloon pops, collect all of the scraps and
discard them.

a) Record all the observations you made.
b) Assume that no air escaped from
the balloon. What does the fit of the
string around the chilled balloon tell
you about the density of air in it?

Part B: When Warm and Cold Air
Masses Meet
1. Below is a map of temperature
observations reported at the same
hour on December 8, 2009 at various
weather stations in the United States.
Place a clear transparency or sheet of
tracing paper over the map.

c) How does air temperature affect the
density of air?

Map of temperatures (°F) across the United States on December 8, 2009.

523
EarthComm

EC_Natl_SE_C5.indd 523

7/14/11 2:30:52 PM

Chapter 5 Winds, Oceans, Weather, and Climate

•
•
•
•
•

a) Draw a thick line to separate warm
air masses from cold air masses.
b) In your log, describe how you
differentiated between warm and
cold air masses.

a) Use the table from Part B you
created the day before to record
your data.

c) In your log, describe what you
think happens when warm and cold
air masses meet. Draw and label a
diagram to explain your reasoning.

2. If your class is short on time for this
part of the Investigate, your teacher may
choose to have each group specialize
in a particular weather instrument or
observation and report their data back
to the entire group the next day.

2. Locate the weather forecast for your
area on the Internet, television or radio
broadcast, or from the newspaper.

a) In your Geo log, make a table
similar to the one below. Enter the
information from the forecast for
the next day into the table. Also
collect any weather maps that
accompany the forecast. Keep this
table for Part C.

Part D: Weather Data Comparisons
1. Compare the weather data your class
collected in Part C to the weather
forecast for that day from Part B.

a) How accurate was the forecast, based
upon your data?

Part C: Collecting Your Own
Weather Data

b) What factors could account for any
differences between the forecast and
your data?

1. You will need to go to several outdoor
stations to collect weather data. Each
of the stations will have directions for
how to use the instrument or make
the observation. Be sure that everyone
in your group has the opportunity to
use the instrument. Take an average of
your readings, where appropriate. The
instruments you will use are:
• thermometer (air temperature)
• barometer (air pressure)
Weather Component

sling psychrometer (relative humidity)
your eyes (cloud cover)
rain gauge (liquid precipitation)
wind vane (wind direction)
anemometer (wind speed)

2. Look at the weather maps for the day
you collected your data.

a) What information about the
movement of air masses on the maps
can you use to help explain your
data and any differences between
the forecast?

Forecast for (date)

Data for (date)

Air temperature
Air pressure
Relative humidity
Cloud cover
Liquid precipitation
Wind direction
Wind speed
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Digging Deeper
AIR MASSES AND WEATHER
How and Why Air Rises
In Part A of the Investigate, you studied the effects of different
temperatures on a volume of air. You found that as air warms, it becomes
less dense. Because it is less dense than its cooler surroundings, it rises.
Warm air molecules have greater kinetic energy (energy of motion) than
the molecules in cold air. (Air is a mixture of molecules of gases, mostly
nitrogen and oxygen.) As the molecules move about with increasing
speed, the spacing between individual molecules increases. As the spacing
between molecules increases, the density of the air decreases. Air can also
be forced to rise when it flows over mountains or collide with other air
masses. An air mass is a huge volume of air in the lower atmosphere with
similar temperature and moisture characteristics throughout.
Four main mechanisms cause air to rise on a regional scale.
• Convective uplift: Convection refers to upward and downward motions
of air caused by differences in air temperature. Differences in air
temperature result in differences in air density. As the Sun warms the
ground, the ground warms the air immediately above it. Cooler, denser
air from above sinks. It forces the warmer, less dense air at the ground
to rise. The rising warm air expands and cools. Eventually, it sinks back
to the ground, completing the convective circulation.
• Orographic uplift: Orographic refers to mountains. When the wind
(moving air) encounters a mountain range, it acts as a barrier. It forces
the air upward.
• Frontal wedging: A front is a narrow zone of transition between
different air masses. The air masses may be different in temperature
and/or humidity. When a cold air mass meets a warm air mass, the
more dense cold air wedges or forces its way beneath the less dense
warm air along a cold front.
• Convergence: Sometimes, winds blowing from different directions meet
head-to-head, or converge. In this case, they have nowhere to go but up.

Geo Words
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.

Air Masses
An air mass can cover thousands of square kilometers. It can be several
kilometers thick. It gets its moisture and temperature characteristics from
the area over which it forms. This is its source region. All of Earth’s lower
atmosphere can be split into areas dominated by particular air masses.
Air masses are classified by their temperature and humidity (moisture
content), as follows:
• Continental: relatively dry air masses that form over land.
• Maritime: relatively humid air masses that form over the ocean.
• Polar: cold air masses that form at high latitudes (northern
Canada, for example).
• Tropical: warm air masses that form at low latitudes (Gulf of Mexico,
for example).
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Therefore, the general types of air masses include continental polar (cold
and dry), continental tropical (warm and dry), maritime polar (cold and
humid), maritime tropical (warm and humid), and arctic air (exceptionally
cold and dry).

The Movement of Air Masses
An air mass may remain over its source region for days or weeks. However,
it will eventually move into another region. Global winds are constantly
redistributing Earth’s heat energy. An air mass moves in the direction in
which it is pushed by a global wind belt. Warm air masses that form in
lower latitudes move toward the poles. Cold air masses move toward the
equator from source regions at high latitudes.
Figure 1 shows the “source
regions” for the air masses
that regularly move over
North America. As shown by
the arrows, cold air masses
usually flow southeastward.
Warm air masses flow
northeastward. As air masses
move out of their source
region, they usually change.
The change depends on
the route they travel. For
example, in winter, a cold air
mass is warmed as it moves
southeastward from its
snow-covered source region
to the bare ground of the
southern United States. This
is one of the main reasons
why winter temperatures do
not fall nearly as low in the
southeastern states as they
do in the Great Lakes region.
Figure 1 Source regions for air
masses in North America.

What Is a Front?
Geo Words
cold front: the zone
where a cold air mass
advances and meets
a warm air mass,
pushing up the less
dense warm air.

The kind of front that forms depends on the characteristics of the air
masses and how they are moving. A cold front occurs when a cold air mass
advances and meets a warm air mass. The moving cold air is more dense
and pushes up the less dense warm air. If viewed from the side, a cold
front would appear as a thin wedge of cold air advancing beneath
warmer air. (See Figure 2.) As the warm air rises, it cools. As the air cools,
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moisture begins to condense
into tiny drops of water.
If it is cold enough, the
moisture condenses into tiny
ice crystals. With enough
humidity, clouds will form.
Large clouds with vertical
growth are common near a
cold front. This is a result of
the rapid uplift of warm air.
These clouds can trigger
brief (minutes to hours) but
heavy rainfall and strong
winds along the front. After
the cold front passes, the
weather is cold because the
warm air is pushed away
from Earth’s surface.

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

A warm front occurs when a warm air mass advances and meets a cold
air mass. The warm, less dense air rises over the cold, denser air. A warm
front viewed from the side would appear as an even thinner wedge of
cold air beneath a warmer air mass than in a cold front. (See Figure 3.)
The slope of a warm front is close to half as steep as that of a cold front.
The smaller slope causes clouds and weather along a warm front to be
spread over a larger area, to last a longer time, and to be less violent.
Clouds that form are more stratified, with steady soaking rains that can
last from several hours to a few days. After the front passes and the warm
air gradually replaces the cold air, weather conditions are clear and warm.

Geo Words
warm front: the zone
where a warm air
mass advances and
meets a cold air mass,
rising over the denser
cold air.

Figure 3 A warm front is the leading edge of an advancing warm
air mass.
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Geo Words
stationary front: the
zone where a cold
and warm air mass
meet, but neither one
has enough force to
move the other.
water vapor: the
invisible gaseous
state of water in
the atmosphere.
occluded front: the
zone where a fastermoving cold front
overtakes a slowermoving warm front,
causing the warm
air to be completely
lifted off the ground.

A stationary front occurs when cold and warm air masses meet, but
neither one has enough force to move the other. (See Figure 4.) Where
the warm and cold air meet, water vapor in the warm air may condense
into rain, snow, fog, or clouds. As long as the front exists, clouds and
precipitation will continue. However, stationary fronts seldom have
extensive clouds and heavy precipitation.

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

Figure 5 A warm air mass caught between two
colder air masses forms an occluded front.

An occluded front forms when a
faster-moving cold front overtakes
a slower-moving warm front,
causing the warm air mass to be
completely lifted off the ground.
The colder and denser air masses
merge together underneath the
less dense warm air mass. They
push the warm air mass upward.
(See Figure 5.) The temperature
near the ground becomes cooler
as the warm air mass is cut off,
or occluded, from the ground. As
the warm air rises, it cools and
its water vapor condenses. This
creates clouds, rain, or snow.
An occluded front usually
moves very slowly and causes
several days of cloudiness and
light precipitation.
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Elements of Weather
The observations you made in Part C of the Investigate included many
of the most important elements of the weather. Recall that weather is
defined as the atmospheric conditions at a particular time, day to day.
One of the elements is air temperature. The temperature of air is the
measure of the average motion of these molecules. Air temperature is
measured with thermometers. Common thermometers consist of a liquidin-glass tube attached to a scale marked in degrees Celsius or Fahrenheit.
As the liquid in the tube is heated, it expands and rises up in the tube. As
the liquid in the tube is cooled, it moves downward in the tube.
Air pressure is the force of the atmosphere above a given point. Air,
or atmospheric, pressure is measured using a barometer. In the United
States, it is ordinarily given in inches of mercury.

Geo Words
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.

As you discovered in Section 1, wind blows because air pressure is higher
in one place than in another. Air moves from areas of higher pressure
to those of lower pressure. In addition, the greater the difference in air
pressure from one place to another, the stronger the wind. Wind speed
is measured with an anemometer. Most anemometers have horizontal
shafts arranged like the spokes of a wheel. A cup is attached to the end
of each shaft. The wind pushes the concave side of the cup more than
the convex side, so the anemometer spins in the wind. The stronger the
wind, the faster the cups spin. The spin rate of the cups is calibrated in
terms of wind speed (miles or kilometers per hour). Wind direction is
measured with a wind vane.

Figure 6 A wind vane (left) measures wind direction, while an anemometer (right)
measures wind speed.
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Clouds are formed when humid air rises upward. As the air rises, it
expands and becomes colder. With enough cooling, water vapor
condenses into tiny water droplets or tiny ice crystals. You can see the
droplets or crystals in the form of clouds. Clouds form at a wide range
of altitudes. The appearance of clouds varies a great deal, depending
on the movement of the air as the clouds are formed. Other things to
observe about clouds are the percentage of the sky they cover, where
they are located in the sky, and the direction they move. Today, satellite
photographs give meteorologists vital information about cloud cover
and the direction clouds are moving.

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

Raindrops form when droplets in clouds become large enough to fall out
of the clouds. Rainfall is measured by the depth of water that falls on a
level surface without soaking into the ground. Rain is usually measured
with a rain gauge. Snow is measured with a ruler. Meteorologists use
Doppler radar to track precipitation systems. Most online weather reports
now include this information as part of the weather report.

530
EarthComm

EC_Natl_SE_C5.indd 530

7/12/11 3:00:10 PM

Section 2 Weather Basics

Geo Words
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.

Relative humidity is a measure of the
amount of water in the air. It is the ratio
of the amount of water a volume of air
holds at a given temperature compared
to how much water the volume of air
could hold at that same temperature.
Relative humidity is measured using a
sling psychrometer or a hygrometer.
It is reported as a percentage.

The Water Cycle
The movement of water between Earth’s
Figure 8 This hygrometer measures
atmosphere, oceans, and land surface is
relative humidity.
known as the water cycle. There is one
main loop in the water cycle. Due to
the Sun’s energy, water evaporates at
Earth’s surface. It then moves as water vapor into the atmosphere. The
water vapor loses heat, condenses into clouds, and falls from clouds as
precipitation back to Earth’s surface. Water that falls onto the land can
take various routes. Some water evaporates into the atmosphere. Some
is temporarily stored in bodies of water. Some seeps into the ground.
Ultimately, all water on land drains into the ocean.

Checking Up
1. In your own words,
describe a front.
2. Draw a diagram
that shows how
an updraft forms
due to:
a) convection
b) orographic uplift
3. List the major types
of fronts.

Figure 9 The water cycle is a vital component of weather systems.

4. Explain what
factors comprise
the weather and
how they are
measured.
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Think About It Again
At the beginning of this section, you were asked the following:
• How can heat affect the movement of air masses?
• What happens when air masses interact?
• What components make up the weather?
Record your ideas about these questions now. In your answers, include what you learned
about air masses and weather.

Reflecting on the Section and the Challenge
In this section, you saw that a sample of air contracts when it cools. It becomes denser
even though the pressure acting on it does not change. You also saw that warm air
rises above cooler air and that warm and cold air masses meet in different regions of
the United States. You gathered weather forecasts for your area and collected your own
weather data. You then compared your data to what was forecast and looked for ways of
explaining similarities and differences between them. This information should be used to
describe the basics of weather on your Web site.
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Understanding and Applying
1. Explain the role of the water cycle in the weather system.
2. Why do you think that weather forecasts are less accurate the further away they are
from the present?
3. How have data from satellites helped meteorologists to make more accurate forecasts?
4. Preparing for the Chapter Challenge

Your Chapter Challenge is to prepare a Web-site design that explains to younger
students how winds, oceans, weather, and climate are connected. To understand
weather, you need to be clear on the interactions between Earth’s atmosphere,
hydrosphere, and heat. You also need to know how elements of weather are measured
and how these are used to make weather forecasts. Review what you have studied
about weather. In your log, record the main ideas from this section. Include any
diagrams and sketches that might be useful for your Web-site design.

Inquiring Further
1. Keeping a weather log

Use your class’s weather instruments
to maintain a daily log of weather
conditions. For example, record
temperature, humidity, air pressure,
wind speed and direction, and cloud
cover at a specified time each school
day. Download and print daily
weather maps of your state or region
from the Internet to track weather
events over time.
2. Visit a weather station

Your local airport collects weather
information. Work with your teacher
to arrange a visit to the weather
station at the airport. If that is not
possible, invite a meteorologist to
visit your class and explain what
methods they use to monitor and
predict weather.

A remote weather station.
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