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Meteorology

Ms. Warwick
kwarwickhayward.kl2.wi.us

Phone: 715-419-2537
Office Hours : lOam - 1 pm Monday through Friday

I check my emails often so do not hesitate to reach out during other times.

The intention of this packet is to provide you with the fundamental concepts of
Meteorology. In the packet you will find notes and assignments from each of
the sections deemed most valuable.
If you are not already in the Google Class, the code is: remcmcz

All pertinent information needed for Meteorology will be posted to the Google
Class page and you will be given access to the documents through Google
Drive. Things like videos, labs and other enrichment activities may also be
posted so check back often.

Material that will be looked at for grade determination are:
• Completed assignments
• Standard reviews

If possible, please email me a picture of your completed worksheets each
week so I can grade them.

Do not hesitate to reach out for any questions or concerns you may have.
Stay safe and stay healthy!!



Assignment list

Week I

• The Atmosphere: Structure and Temperature Notes PowerPoint
• Layers of the Atmosphere Notes

• Layers of the Atmosphere Foldable

Week 2

• Seasons Notes

• Heat Energy and the Atmosphere Notes
• Environmental Science Activity: Atmosphere
Week 3
• Fahrenheit and Celsius Comparison Sheet
• Atmosphere Composition and Heat Transfer Review
• Greenhouse Effect Notes

Week 4
• Understanding the Ozone Hole Notes and Note Sheet
• Ozone Activity

• Atmosphere Standards Review

Week 5
• Moisture Clouds and Precipitation Notes

• Cloud Type Drawings and Facts Worksheet

• Air Pressure and Wind Notes

Week 6

• Fronts and Storms Notes

• Energy in the Atmosphere Notes

• Weather Standards Review



Meteorology
Atmosphere

Key Terms (understand within context)

• atmosphere
• troposphere
• weather
• air pressure
• temperature
• stratosphere
• jet stream
• ozone
• mesosphere
• meteors
• thermosphere
• ionosphere
• ions

exosphere
magnetosphere
seasons
axis
convection currents
radiation
conduction
climate
greenhouse gases
air pollution
CFCs
ozone depletion
smog

• particle pollution
• sulfur dioxides
• nitrogen oxides
• volatile organic

compounds
• ground-level ozone
• air quality index
• climate change
• C02 levels

Concepts
Standard 1. Students will be able to demonstrate an understanding of the order of the layers of
the atmosphere and the general characteristics of the troposphere and stratosphere including their
altitude ranges.

Standard 2. Students will be able to demonstrate an understanding of the key characteristics of
the mesosphere and thermosphere (including ionosphere and exosphere) including their altitude
ranges.

Standard 3. Students will be able to explain the main methods of heat distribution on Earth
including the reason for seasons and the role of greenhouse gases.

Standard 4. Students will be able to describe human interactions with the atmosphere and issues
that have been caused including pollution, ozone depletion, and climate change.

Standard 5. Students will be able to differentiate between the Fahrenheit and Celsius
temperature scales and convert temperatures from one scale to another, read thermometer values,
and discuss what they influence in current weather.
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17.1 Ah Characteristicw:.

Composition of the Atmosphere

4 Weather is constantly changing, and it
refers to the state of the atmosphere at any
given time and place. Climate, however, is
based on observations of weather that have
been collected over many years. Climate
helps describe a place or region.
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17 1 Atmosphere Characteristics

Composition of the Atmosphere
+ Major Components

• Air is a mixture of different gases and particles,
each with its own physical properties.

-

- Volume of Clean, Dry Air

Argon
Carton All othe’s

17 1 Atmosphere Characteristics

Composition of the Atmosphere
• Variable Components

• Water vapor is the source of all clouds and
precipitation Like carbon dioxide, water vapor
absorbs heat given off by Earth It also absorbs
some solar energy

• Ozone is a form of oxygen that combines three
oxygen atoms into each molecule (03)

• if ozone did not fllter most UV radiation and all of
the sun’s UV rays reached the surface of Earth,
our planet would be uninhabitable for many living
organisms.
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17 1 Atmosphere Characteristics

0
Composton of the Atmosphere
• Human Influence

Emissions from transportation vehicles account
for nearly half the primary pollutants by weight.

17 1 Atmosphere Characteristics

H&ght and Structure of the
Atmosphere

+ The atmosphere rapidly thins as you travel
away from Earth until there are too few gas
molecules to detect.

+ Pressure Changes
• Atmospheric pressure is simply the weight of the

air above.
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Atmospheric Pressure vs Altitude

171 Atmosphere Characteristics

Height and Structure of the
Atmosphere
• Temperature Changes

• The atmosphere can be divided vertically into four
layers based on temperature.

• The troposphere is the bottom layer of the
atmosphere where temperature decreases with an
increase in altitude.

• The stratosphere is the layer of the atmosphere
where temperature remains constant to a height
of about 20 kilometers. It then begins a gradual
increase until the stratopause.

-..

Snowy Mountaintops Contrast with
Warmer Snow-Free Lowlands

..
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17 1 Atmosphere Characteristics

H&ght and Structure of the
Atmosphere
• Temperature Changes

• The mesosphere is the layer of the atmosphere
immediately above the stratosphere and is
characterized by decreasing temperatures with
height.

• The thermosphere is the region of the
atmosphere immediately above the mesosphere
and is characterized by increasing temperatures
due to the absorption of very short-wave solar
energy by oxygen.

Thermal Structure of the Atmosphere

..

7 1 Atmosphere Characteristics

Earth-Sun Retationships
• Earth’ s Motions

• Earth has two principal motions—rotation and
revolution.

• Earth’s Orientation
• Seasonal changes occur because Earth’s

position relative to the sun continually changes
as it travels along its orbit.
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Earth-Sun Relationships
• Soistices and Equinoxes

• The summer solstice is the solstice that occurs
on June 21 or 22 in the Northern Hemisphere
and is the “official first day of summer

• The winter solstice is the solstice that occurs on
December21 or 22 in the Northern Hemisphere
and is the official first day of winter.

17 1 Atmosphere Characteristics

Earth-Sun Relationships
• Soistices and Equinoxes

The autumnal equinox is the equinox that
occurs on September 22 or 23 in the Northern
Hemisphere.

• The spring equinox is the equinox that occurs
on March 21 cr22 in the Northern Hemisphere.

6



17 1 Atmosphere Characteristics

Length of Daylight
• The length of daylight compared to the

length of darkness also is determined by
Earth’ s position in orbit.

i... ...

Soistices and Equrnoxes

17 2 Heating the Atmosphere

Energy Transfer as Heat
• Heat is the energy transferred from one

object to another because of a difference in
the objects’ temperature.

• Temperature is a measure of the average
kinetic energy of the individual atoms or
molecules in a substance.

7



172 Heating the Atmosphere

Energy Transfer as Heat
• Three mechanisms of energy transfer as

heat are conduction, convection, and
radiation.

• Conduction
• Conduction is the transfer of heat through

matter by molecular activity.

+ Convection
• Convection is the transfer of heat by mass

movement or circulation within a substance.

Energy Transfer as Heat

r
Conduclion

Convection

A
A)

Radiation

17 2 Heating the Atmosphere

E
Energy Transfer as Heat
• Electromagnetic Waves

• The sun emits light and heat as well as the
ultraviolet rays that cause a suntan. These forms
of energy are Only part of a large array of energy
emitted by the sun, called the electromagnetic
spectrum,

8



Electromagnetic Spectrum
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Energy Transfer as Heat
• Radiation

Radiation is the transfer of energy (heat)
through space by electromagnetic waves that
travel out in all directions

• Unlike conduction and convection, which need
material to travel through. radiant energy can
travel through the vacuum of space.

9



172 Heating the Atmosphere

Energy Transfer as Heat
• Radiation

• All objects. at any temperature emit radiant
energy,

• Hotter objects radiate more total energy per unit
area than colder objects do.

• The hottest radiating bodies produce the shortest
wavelengths of maximum radiation.

• Objects that are good absorbers of radiation are
good emitters as well.

17 2 Heating the Atmosphere

What Happens to Solar Radiation?
• When radiation strikes an object, there

usually are three different results.
1. Some energy is absorbed by the object.
2. Substances such as water and air are

transparent to certain wavelengths of radiation.

3. Some radiation may bounce off the object
without being absorbed or transmitted.

Solar Radiation

• • • -“• •.

— Wmaa,
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17 2 Heatrng the Atmosphere

What Happens to Solar Radiation?
• Absorption

• About 50 percent of the solar energy that strikes
the top of the atmosphere reaches Earth’s
surface and is absorbed.

• The greenhouse effect is the heating of Earth’ s
surface and atmosphere from solar radiation
being absorbed and emitted by the atmosphere,
mainly by water vapor and carbon dioxide

17 3 Temperature Controls

Why Temperatures Vary
• Factors other than latitude that exert a

strong influence on temperature include
heating of land and water, altitude,
geographic position, cloud cover, and
ocean currents.

17 2 Heating the Atmosphere

What Happens to Solar Radiation?
• Reflection and Scattering

• Reflection occurs when light bounces off an
object. Reflection radiation has the same
intensity as incident radiation.

• Scattering produces a larger number of weaker
rays that travel in different directions.

11



Mean Monthly Temperatures
for Vancouver and Winnipeg

FE

17 3 Temperature Controls

Why Temperatures Vary
• Land and Water

Land heats more rapidly and to higher
temperatures than water Land also cools more
rapidly and to lower temperatures than water

17 3 Tmperature Controls

Why Temperatures Vary
• Geographic Position

• The geographic setting can greatly influence
temperatures experienced at a specific location.

12
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17 3 Temperature Controls

Why Temperatures Vary
• Altitude

• The altitude can greatly influence temperatures
experienced at a specific location

a

Mean Monthly Temperatures for
Eureka and New York City
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Mean Monthly Temperaturesior
Guayaquil and Quito

17 3 Temperature Controls

Why Temperatures Vary
• Cloud Cover and Albedo

• Albedo is the fraction of total radiation that is
reflected by any surface

• Many clouds have a high albedo and therefore
reflect back to space a significant portion of the
sunlight that strikes them

Clouds Reflect and Absorb Radiation

I

-w
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• Isotherms are lines on a weather map that
connect points where the temperature is
the same.
• Isotherms generally trend east and west and

show a decrease in temperatures from the
tropics toward the poles.

World Distribution of Temperature

15
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Figure 1. Variation of average temperature with altitude with the atmosphere.
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Layers of the Atmosphere Foldablefl
Na me

1. Fold a piece of light blue paper in half hamburger bun-style.

2. Open flat arid then fold each side toward the center fold
- shutter-style.

Class

3, Color the long dark lines that represent temperatures changes: from the
bottom -- blue, red, blue, red, representing decreasing, increasing, decreasing,
increasing temperatures.

4. Carefully cut out the diagram of the atmosphere. Fold in half lengthwise arid
cut apart. Paste each half onto the front shutters of the light blue paper.
Paste toward the bottom so you have room for a title at the top.

5. Cut the two parts of the title out and paste on the top of the shutters.
6. Cut out the boxes that contain the characteristics of each of the eight layers

of the atmosphere. Paste inside the foldable under the correct layer. Be sure
to put the main layers on the inside left and the minor layers on the inside
right.

7. Cut flaps for each of the layers on the front shutters.
8. Carefully cut out the small sketches ONE AT A TIME. lead the words that

tell you where to paste the sketch and paste to the front of the foldable on
the diagram of the atmosphere. bo NOT cut out the words that tell you
where to paste each sketch!

9. Fill in the Name Tag and paste on the back.

**Answer these questions:
1. List the four main layers.
2. List the four minor layers.
3. Which two minor layers arts of a main layer?
4. Which layer is the most important to yii and why?
5. What two layers protect you?
6. Which layer acts like a giant magnet? What does it attract?
7. What does the air in the troposphere do as it heats up from the sun?
8. What cloud indicates the top of the troposphere?
9. What runs along the top of the troposphere?
10. What attaches itself to this jet stream and, in a sense, tells you where the

stratosphere begins? © Copyright 2006-2007. M. J. Prech. All rights reserved.
eproductiori for educational purposes is encouraged)



Blackbird SR-70
26km

Boeing 747
12 km

Balloon
5-7 km

Ozone molecules 0-0-0
20-30 km

Aurora Borealis
100-250 km

Flock of Geese
6-7 km

Weather

Cirrus Clouds
16km

Cumulonimbus
uptol6km

Radio Waves
96-112 km

near the surface

TROPOSPHERE

Temperature: bECREASES, 6.5 °C per km
Characteristics: to about -60 °C
1. Most weather occurs here where we live
2. Convection Currents

STRATOSPHERE

Temperature: INCREASES, to about -20 °C
Characteristics:
1. Contains most of atmosphere’s ozone
2. Where jets and manned balloons have gone

Intl. Space Station
300km

MESOSPHERE

Temperature: bECREASES, -100 °C at top
Characteristics:
1. Protects Earth from meteors
2. Coldest reaion of atmosbher

tt ll
THERMOSPHERE

Temperature: INCREASES, 2,000 °C at top
Characteristics:

1. Temps get up to 2000 °C
2. Air molecules are 1 km apartl

OZONOSPHERE

Characteristics:
1. Ozone is made of 3 oxygen atoms
2. Protects the surface from Sun’s UV rays
3. Humans are causing Ozone depletion

IONOSPHERE
Characteristics:
1. Lower part of Thermosphere
2. Radio waves bounce back to

Earth’s surface

Meteors
48-80 km

EXOSPHERE
Characteristics:
1. Upper part of Thermosphere
2. Artificial Satellites orbit here

Unmanned Spacecraft
3000 km

MAGNETOSPHERE

Characteristics:
1. Earth’s Magnetic Field
2. Causes Aurora Borealis

(Northern Lights)



Layers of the rAtmosphere

Exosphere

Thermosphere

Ionosphere

Temperature (°C)
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The Atmosphere
Introduction
Atmosphere Connections

Each day, Earth’s 6.3 billion people interact with the atmosphere in many ways. Jet pilots, for example, fly
through the atmosphere and must be intimately familiar with weather patterns. Satellite TV stations send
signals through the atmosphere that bounce off satellites and then back through the atmosphere to
satellite dishes scattered far and wide. Many of these interactions are invisible and involve gases, heat, or
energy waves. The most basic of these interactions is, of course, breathing. In fact, right now as you
read these words, you are inhaling oxygen (02) and exhaling carbon dioxide (002). We humans need a
steady supply of “clean” air.

The process by which humans inhale 02 and exhale CO2 is known as respiration. This exchange of gases
is the respiratory system’s means of getting oxygen to the blood. Without air, a person will die faster than
if they were deprived of any other human need, such as food, water, cable television, and the Internet.
Most of us can only hold our breath for about a minute. After 30 seconds, t begins to get uncomfortable.
After 3 to 5 minutes, hypoxia, or oxygen deprivation sets in, brain cells begin to die and you’re on your
way to being dead. Note: This is not part of your lab assignment.

Besides breathing, how else does your body interact with the atmosphere? Maybe you’ve never asked
yourself this question before, but there are many other ways that your body and the atmosphere interact.
Have you ever sneezed? Sneezing is a reflex response to the presence of atmospheric particulates, such
as pollen or dust, in your nose. We also sneeze when we are sick with a cold. Sneezing sprays the
atmosphere around you with microscopic bacteria and fluid at a speed close to the fastest baseball
pitchers, about 100 miles per hour.

What other bodily functions interact with the atmosphere? How about burping or “passing” gas, that
releases nitrogen, oxygen, carbon dioxide, hydrogen, and methane into the atmosphere as a result of the
process of digestion. In addition, we all have our own unique body odor caused by the mixing of
perspiration and bacteria that those close to use can usually smell.

Have you ever made a sound? Sound travels through the atmosphere in waves called, not surprisingly,
sound waves. What do you think of when you heard the word “waves”? Most of us probably think of
waves in the ocean. If you’re a sports fan, you might think of how crowds in stadiums sometime make a
“human” wave. Waves are made up of both crests, which are the top of the wave, and troughs, which are
the bottom. The distance from one crest to the next is called wavelength.

There are many types of waves that pass through the atmosphere. Your eyes see light, which travels

( Rzidi J (Mkrowa’c) hfrared sibj aviolc) [x.ray) (Gamma Roy)

10” 10 10’ 10
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Fig. 1: Electromagnetic spectrum (Source: NASA)
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through the atmosphere in waves. If youve ever been sunburned or gotten a tan, it was ultraviolet waves
that cause the temporary changes in your skin color. So you see there are many ways that your body
interacts with the atmosphere and most of them are invisible. Figure 1 depicts the wavelengths of various
forms of energy ranging from radio waves, which are quite large, to X-rays and gamma rays, which are
infinitesimal.

Atmospheric Composition

The “air” you are breathing is actually a mixture of gases. This mixture of gases is known as the
atmosphere. The word “atmosphere”, by the way, comes from the Latin “atmosphaera”, which was
cobbled together from the from Greek word “atmos”, meaning “vapor”, and the Latin word “sphaera”
translated as sphere. Quite literally then, the atmosphere is the “vapor-sphere”.

This gaseous composition of the atmosphere is usually expressed by percentage volume, that is, each
gas’s relative part of the total mixture. For example, 78% of the atmosphere is made of the gas nitrogen
(N2), 21% is composed of oxygen (02), and .9% is made up of argon (Ar). These three gases together
make up 99.9% of the atmosphere. Other “vapors” or gases that make up the atmosphere include water
vapor (H20), Carbon Dioxide (C02), Neon (Ne), Helium (He), Methane (CH4), Krypton (Kr), and Hydrogen
(H2). These gases, along with many others, are referred to as “trace” gases, in that there are small traces
of them in the atmosphere. The concentration of gases in the atmosphere is measured in parts per
thousand (ppt), parts per million (ppm) and parts per billion (ppb).

The atmosphere also contains solid material in addition to the gases above. This solid material is very
small, between .1 and 25 thousandths of a millimeter, or micrometer and is known as particulates. To give
you some idea how small particulates are, a single grain of table salt is about 100 micrometers in size,
and so we are talking about a mass of material that is 1/1 000 to ¼ the size of a grain of table salt. In
addition to gases and solids, liquids also exist in the atmosphere. The most common one of these is
water, good old H20. Water exists in the atmosphere as clouds, rain, and fog, all of which are visible and,
therefore, familiar. The table below shows the composition of the atmosphere and the cumulative volume
of each compound.

Full Name Formula % Volume Of Parts Unit Jariable? Cumulative
Vol u me

Nitrogen N2 78.1% 78 parts per Hundred 78.10%
Oxygen 02 ‘0.9% 21 parts per Hundred 99.00%
rgon \r 0.934% 9 parts per rhousand 99.93%
Jater Vapor H20 0.04% 00 parts per million iariable 99.97%

Carbon Dioxide C02 0.0369% 370 parts per million 99.99%
Neon Ne 0.00182% 18 parts per Million 100.00%
Helium He 0.000524% 5 parts per Million 100.00%
Methane CH4 0.0001842% 2 parts per Million 100.00%
Krypton Kr 0.000114% 1 part per Million 100.000/
Hydrogen H2 0.0001% 1 part per million iariable 100.000/
Nitrous Oxide N20 0.0000315% 315 parts per billion
Carbon Monoxide CO 0.00002% 00 parts per billion iariable 100.000/
Xenon (e 0.0000087% 87 parts per billion 100.000/
Ozone 03 0.000005% 34 parts per billion ,ariable 100.009/
Sulphur Dioxide S02 0.000002% 20 parts per billion iariable
\mmonia NH3 0.000002% 20 parts per billion ,ariable 100.000/
Formaldehyde CH2O 0.000001% 10 parts per billion ,ariable 100.00°!
Nitrogen Dioxide N02 0.0000003% 3 parts per billion iariable 100.000/
Nitric Oxide NO 0.0000003% 3 parts per billion iariable 100.000/
Hydrogen Sulfide H2S 0.0000002% ? parts per billion ,ariable 100.000/
Hydrochloric Acid HCI 0.00000015% parts per billion ,ariable 100.000/
Nitric Acid HNO3 0.0000001% 1 part per billion ,ariable 100.00%
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Methyl Chloride CH3CI 0.00000006% 500 parts per rillion 100.00%
Freon-12 CF2CI2 0.0000000544% 546 parts per rillion 100.00%
Carbonyl Sulfide COS 0.00000005% 500 parts per rillion 100.00%
Freon-il CFCI3F ).0000000263% 63 parts per rillion 100.00%
Carbon Tetrachloride CCI4 0.000000098% 97 parts per rillion 100.00%
Freon-i13 C2F3C13 0.000000082% 82 parts per rillion 100.00%
Methyl Chloroform CH3CCI3 0.000000056% 7 parts per rillion 100.00%
HCFC-22 CHCIF2 0.0000001525% 153 parts per rillion 100.00%
HFC-23 CHF3 0.0000000011% ?3 parts per rillion 100.00%
Sulphur Hexaflouride SF6 0.000000004% 5 parts per rillion 100.00%
Perfluoroethane C2F6 0.000000004% parts per rillion 100.00%
rriflouromethyl SF5CF3 0.00000000012% .12 parts per rillion 100.00%
Sulphur Pentaflouride
Sources
1. McGraw-Hill Encyclopedia of Science and Technology, 1987, McGraw-Hill, Inc.
. Carbon Dioxide Information Analysis Center

Layers of the Atmosphere

So we see that the atmosphere contains gases, suspended liquids, and solids that entirely surround the
earth. The earth’s gravity pulls these gases, liquids, and solids toward the surface. Not surprisingly, there
are more gases closer to the surface and fewer as you move away. Therefore, the earth’s atmosphere is
denser at the surface and gradually thins as altitude increases.

The atmosphere begins at sea level, (and in some places on land that are just below sea level) and
extends outward some 6,000 miles (10,000 km) into space. From the surface to an altitude of 50 miles
(80 km) the chemical composition is of the atmosphere is highly uniform. Due to this uniformity, this
section of atmosphere is known as the homosphere. The homosphere, or lower atmosphere, is divided
into various layers. The troposphere is the layer closest to the surface and it extends outward an average
of ii miles (18 km), though it is thicker at the equator and thinner at the poles. Beyond the troposphere is
the stratosphere, which extends from ii to around 30 miles from the surface. The mesosphere starts at
around 30 miles and extends outward to 50 miles from the surface.

Above 50 miles, the chemical composition of the
atmosphere changes with altitude. This layer is
known as the upper atmosphere or heterosphere.
This upper layer is also known as the
thermosphere and it extends outward several
thousand miles with no real boundary between
the upper atmosphere and space.

Though the atmosphere extends outward several
thousand miles, one half of the gas molecules
that comprise the atmosphere are located within
the first 3.5 miles (5.6 km), or 18,840 feet. Fully
90% of the molecules are within the first 10 miles
(16 kilometers), or 52,580 feet, and some 97% of
gas molecules are packed within the first 18
miles (30 km). Gravity keeps the atmosphere
very close to the earth’s surface. Also, since most
human activities take place from sea level to
around 10,000 feet or 2 miles, conditions in the
layer of the lower atmosphere closest to the
surface, the troposphere, are what affects us day
to day. The troposphere, #8 in the diagram,Fig. 2: Layers of the atmosphere (NASA)



extends outward to about 11 miles, and contains about 90% of the molecules in the atmosphere.

Natural Changes in the Atmosphere

The troposphere is an extremely dynamic and ever changing system. Every day, the light, clouds, and
heat energy in the troposphere go through a million variations. These changes affect daily life in
thousands of subtle and direct ways and, for generations, humans have been fascinated by the
troposphere’s daily changes, which are known as weather. We all have a sense of what weather is. On
some days it is rainy, and some days sunny. Some days are hot and some are cold. Sometimes the wind
blows with intense ferocity.

Daily changes in the troposphere are known as weather. Long term, average conditions are referred to as
climate. Weather is more extreme than climate, meaning that daily ranges of temperature, precipitation,
pressure, and wind are greater than the long-term extremes of climate. Since climate refers to long-term
average conditions, it is more moderate.

One way to look at the relationship between weather and climate is to take a look at your checking
account. The monthly balance for twelve months of a year would represent climate and the daily inflows
and outflows of funds, weather. Your daily balances might vary a great deal from day to day while your
monthly balances, which are an average of your daily balances, would be more consistent. In the same
way, weather changes much more rapidly than climate and you know this from your own experience. One
day it might be warm and close to 60 degrees and the next day, cold and in the mid-forties. Climate also
changes, but on a much longer time scale. Later in this section on atmosphere we’ll look more closely at
climate change.

4



ESA2I: Environmental Science Activities Activity Sheet
The Weather

Student Name:

Professor Name:

The Weather — Activity Sheet

The objective of this exercise is to have you observe atmospheric conditions as well as develop your
understanding of major atmospheric concepts. For this exercise, you are asked to observe and record
weather conditions for four days. In addition, you are asked to answer questions about your observations,
as well as respond to a series of questions on general atmospheric characteristics. In the second part of
the exercise, you are asked to perform a number of calculations relating to atmospheric conditions and
characteristics.

Part One - Weather Observation

Please read the exercise completely before you begin. Also, printing this exercise before you begin will
help you in carrying out the exercise.

1. Keep a log of atmospheric conditions for 4 days and record the following information. Find out
information from any one of the following sources such as local newspapers, television news, or the
Weather Channel.

Day One Day Two Day Three Day Four
Date
Location
High Temperature (F)
Low Temperature (CF)
High/Low Difference
Air Pressure (AP)
AP Rising or Falling?
Wind Direction
Wind Speed (mph)
Time of Sunrise
Time of Sunset
Length of Daylight

Answer the following questions with regards to the atmospheric observations you made and then
complete the temperature conversions below.

Question 1 - What is the overall four-day temperature trend?

Question 2 - What is the overall four-day pressure trend?

5



Question 3 - Was the wind direction consistent over the four-day period? If not, what pattern did you
observe?

Question 4 - Was the wind speed consistent over the four-day period? If not, what pattern did you
observe?

Question 5 - What pattern did you observe with regards to the amount of daylight over the four-day
period? Are the days getting shorter or longer?

Part Two - Temperature Conversion

Temperature can be measured in different scales. In the U.S. we use the measure temperature in
degrees Fahrenheit (F). Most other countries and many scientists use the Celsius (C) scale. In the
Celsius scale, water boils at 1DOC and freezes at OC. The formulas for converting from one temperature
scale to the other are as follows:

= (9/5 x C) + 32 and C = (5/9) x (F — 32)

Complete the following calculations and place your answer in the center column below:

15 degrees Fahrenheit degrees Celsius
75 degrees Fahrenheit degrees Celsius
32 degrees Fahrenheit degrees Celsius
31 degrees Celsius degrees Fahrenheit
13 degrees Celsius degrees Fahrenheit
0 degrees Celsius degrees Fahrenheit

6



Name

COMPARATIVE ANALYSIS OF CELSIUS AND
FAHRENHEIT TEMPERATURE SCALES

ACTIVITY SHEET #1. Use the diagram to assist in answering the following.

1.. On the Fahrenheit temperature scale, the number of degrees

(Centigrade) between the freezing and boiling points of water is

______

CELSIUS FAHRENHEIT On the Celsius scale the number Is

_______

2. One degree represents a greater temperature

changethan one degree.

Boiling Point of Water 3. One Celsius degree Is equivalent to Fahrenheit degree(s).
.

100 21.2 -+-——--—
4. The temperature reading on a Celsius thermometer will be a

90 number than Its equivalent temperature

190 reading on a fahrenheit thermometer.

80 5. When converting a Celsius temperature reading to its equlva
167 lent Fahrenheit temperature, what should be true regarding

70 the size of the number representing the Fahrenheit tempeta

tire?_______________________________
60

6. In order to convert a Fahrenheit reading to its equivalent on

50 122 the CelsIus scale you will need to, first 32, and

then by 1.8. These steps would make the

40 answer a __number.
100

7. In order to convert a reading to its equivalent tern-
30 perature on the

__________________scale

you would need

—
to, first multiply by 1.8 and then add 32. These steps would

20 680
-— _J make the answer a

___________

number.

8. In order to convert 20° C Into its equivalent temperature on

the Fahrenheit scale (68°F); you would need to first

________

— 0 32 -4 ,andthen
I Freezing Point

äf Water 9. Use the number 1.8 and 32, the letter C and.F, and the

mathematical symbols for adding or subtracting and multiply

ing or dMding to write an equation that would describe how
—20 0

to;

a. convert a Celsius temperature to Fahrenheit;

b. convert a Fahrenheit temperature to Celsius;



Name

___________________

CONVERTING BETWEEN FARRENHE1T AND CELSIUS TEMPERATURES
ACnVITY SHEET #2
A. Calculate the Equivalent Fahrenheit or Celsius temperatures. For each calculation show the equation used, your substitution of

numbers into the equation, and your answer.

EQUATION SUBSTITUTION ANSWER
1. Convert 68°F to Its equivalent Celsius reading.

__________

2. The temperature on a Celsius thermometer reads 28 degrees.CaFcuate the equivalent temperature in Fahrenheit.

3. Convert 10°F to its equivalent on a Celsius thermometer.

4. Convert -6°C to Its equivalent on a Fahrenheit thermometer.
=

B. Use the following equations to mertaIly” convert the following Celsius and Fahrenheit temperatures.r [

F=Cx2+3J

CENTIGRADE TEMPERATURE FAHRENHEIT TEMPERATURE

_____

to 100°F

2. 40°C to

_____

a.

_____

°C to 180°F

4. °C to 6°F

5. 18°C to

_____

6. -20°C to

_____

7. Is -14°C colder or warmer than 0°F?

_________________________________

8. Is 70°F coLder or warmer than 25°C?

14



Composition of the Atmosphere,hiyers of the Atmosphere and Heat Transfer Review

Atmospheric Layers
• From the ground level to the highest, list the five layers of the atmosphere in order.
• Explain why the temperature in the troposphere gets colder as altitude increases.
• What special layer is found in the stratosphere? What is its purpose?
• Explain the temperature increase in the stratosphere.
• What is the chemical formula for ozone and how is ozone made?
• What destroys ozone?
• What is a function of the mesosphere? (what does it protect us from?)
• What special layer is found in the thermosphere? What purpose does it serve us?
• What is temperature?
• Explain why the temperature in the thermosphere rises? Why wouldn’t a thermometer

register a high temperature though?

Heat transfer/Heat Budg
• What is the reason for the seasons?
• Why are the differences in insolation based on latitude?
• Explain radiation
• Explain conduction
• Explain convection
• Which source of heat transfer is responsible for most of the heat transfer in our atmosphere?
• Explain what happens to the sun’s radiant energy as it enters into our atmosphere. Include

discussion on albedo and surface slope.

Composition of the Atmosphere
• What are the main gases found in our atmosphere?
• Describe the carbon cycle. Explain its sources and sinks. (What are some places C02 comes

from and where does it go?)
• Explain the Greenhouse Effect
• Name some greenhouse gases.
• Do all greenhouse gases have the same heat capacity (ability to absorb heat)?
• By design, is the greenhouse effect good? Explain.
• Can the greenhouse effect be bad? Explain.
• Where is bad ozone found?
• How is bad ozone made?
• What are the effects of bad ozone?
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Understanding the Ozone Hole PowerPoint FollowSheet

Name Block_________

1. How many atoms of oxygen does Ozone have?

2. If Ozone is in the
it is considered to be a pollutant.

3. Ozone is (thinnest, denser) at the poles and
(thinnest, denser) at the Equator.

4. The unit for Ozone measurement is the

__________________________

unit (bU).

6. It can also hurt

7. Most Ozone is in the

_______

the layer above the Troposphere.

8. In the Stratosphere, Ozone is

_____________

to human beings by protecting us from harmful

15. The depletion of the Ozone Layer causes
higher levels of

_________________
___________________

to reach the Earth’s

______________________

to occur in humans.

17. The Montreal Protocol is an agreement
among nations to (stop, slow down) the use of
CFCs in order to protect the Ozone in the
stratosphere.

18. Some scientists are seeing the beginnings
of a decline in the amount of CFCs in our
atmosphere which (may, may not) mean the
Ozone Hole will recover sometime in the

9.

_______________

actions were found to be
harming the protective Ozone layer.

10. Several months of every year, the Ozone is
(depleted, gone entirely) over the South Pole.

11. The Ozone Hole wasn’t discovered until

____________

and has steadily

______________

in size since then.

12. The main cause for Ozone bepletion is the
use of

_____

ref rigerants.
is spray cans and

13. CFC5 can cause Ozone to break-up in the
stratosphere and lose its

___________

qualities.

14. CFCs are (still, no longer) used in spray
cans.

J

surface.

16. This causes much more

5. Ozone can
hurt the

rubber and
of humans.

future.

2000 2005

0 Copyright 2005- 2006. M. J. Krech. All rights reserved. Reproduction for educational purposes is encouraged.
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B. Graphing: Use the following information to graph the average yearly Ozone Readings from

1956 to 1996. Be careful NOT to graph each year, just every five years!

AnnuiI average ozone readings (Dabson Units)

Av*rø

:t 14

1/ I I4

1P

i7 22 II87

f4

1t9)

164 I2 I4 YI I

V494 i32

12 j:4f lfi

19 2% 270

_____________________________

vs.

_____________________________

350

300

D

C

250

C
0
N
0

200

________________________________________________

56 60 65 70 75 80 85 90 95

Year of Reading

Results Sentence:

___________________________________________________________________

@ Copyright 2006. M. J. Krech. All rights reserved. Reproduction for educational purposes is encouraged.



SUMMAIY QUESTIONS:

1. Predictions:

:,
‘

t• ‘

ij

—

2010
Explain why you predicted this for 2010:

2. What is Ozone?

3. What does it do FOR us?

4. How can it hurt us?

.

I

/
—

2050
Explain why you predicted this for 2050:

5. What does your graph tell you about what has happened to the thickness of the Ozone layer
during the period from 1956 to 1995?

6. Explain in your own words how CFCs damage the ozone layer. (Look it up!)

7. Why is the Ozone Layer important to your health?

8. List some of the things we are doing to decrease the damage to the Ozone Layer.

9. What do you predict for the future of the Ozone Layer?

© Copyright 2006. M. J. Krech. All rights reserved. Reproduction for educational purposes is encouraged.





Atmosphere Standards Review

Standard 1. Students will be able to demonstrate an understanding of the order of the layers of the
atmosphere and the general characteristics of the troposphere and stratosphere including their
altitude ranges.

From the ground level to the highest, list the six layers of the atmosphere in order. (4 main and 2
layers that are a part of one).

Explain the temperature trend in the troposphere as altitude increases and the cause for this trend.

What special layer is found in the stratosphere? What is its purpose?

Explain the temperature trend in the stratosphere as altitude increases and the cause for this trend.

What is the chemical formula for stratospheric ozone and how is ozone made?

Standard 2. Students will be able to demonstrate an understanding of the key characteristics of the
mesosphere and thermosphere (including ionosphere and exosphere) including their altitude
ranges.

What is a function of the mesosphere?

What is the temperature trend in the mesosphere?

What two layers is the thermosphere broken into and what are their characteristics?

Explain why the temperature in the thermosphere rises but it would feel cold to us still.

Standard 3. Students will be able to explain the main methods of heat distribution on Earth
including the reason for seasons and the role of greenhouse gases.

Why are there differences in insolation based on latitude?

Explain what happens to the sun’s radiant energy as it enters into our atmosphere.

Which source of heat transfer is responsible for most of the heat transfer in our atmosphere?
Explain.

What are the main gases found in our atmosphere?

What is a greenhouse gas and what are some examples?

Explain the greenhouse effect using a diagram in your description.

For its intended purpose, is the greenhouse effect beneficial to Earth? Explain.



Standard_4. Students will be able to describe human interactions with the atmosphere and issues
that have been caused including pollution, ozone depletion, and climate change.

Explain the connection of climate change with greenhouse gas emissions.

Where is bad ozone found?

How is bad ozone made?

What are the effects of bad ozone?

What are the variables that contribute to local air quality?

What destroys stratospheric ozone?

Standard 5. Students will be able to differentiate between the Fahrenheit and Celsius temperature
scales and convert temperatures from one scale to another, read thermometer values, and discuss
w’hat they influence in current weather.

When there is a change in temperature of one degree, on which temperature scale would this indicate a
higher value in terms of temperature change?

Convert the following Celsius temperatures to Fahrenheit using the estimation method.

a. 20°C

_______

b. -lO°C=

c. 5°C=

______

You notice that the temperatures to the south of your location are warmer than they are in your current
location. If there is a southerly wind, -how might your current weather be influenced?



Meteorology
Weather

Key Terms (understand within context)

• Fahrenheit
• Celsius
• temperature
• thermometer
• isotherm
• air pressure
• barometer
• millibars
• inches
• isobars
• high pressure
• low pressure
• wind speed
• wind direction
• Coriolis effect

• global winds
• cloud cover
• strato

alto-
cirro
stratus
cumulus
cirrus
nimbostratus
cumulonimbus
humidity
wet bulb temperature
dry bulb temperature
wet bulb depression
dew point

• precipitation
• station model
• weather map
• air masses
• fronts
• cold front
• warm front
• stationary front
• occluded front
• thunderstorm
• tornado
• hurricane

Standard 6. Students will be able to demonstrate an understanding of what air pressure is, how it

is measured, and what it influences in current weather.

Standard_7. Students will be able to identify and describe the main cloud shape and altitude

categories, and, the key cloud types and the weather they indicate.

Standard 8. Students will be able to demonstrate an understanding of what humidity and dew

point is, how to measure it, and what it influences in current weather.

Standard_9. Students will be able to demonstrate an understanding of different forms of

precipitation, how to measure them, and what it influences in current weather.

Standard 10. Students will be able to demonstrate an understanding of the different kinds of air

masses, what a front is, and the different kinds of fronts and the weather they can bring.

•

•

•

•

•

•

•

•

•

•

•





18 1 Water in the Atmosphere

Water’ s Changes of State
• Precipitation is any form of water that falls

from a cloud.

+ When it comes to understanding
atmospheric processes, water vapor is the
most important gas in the atmosphere.

18 1 Water in the Atmosphere

r Water’ s Changes of State
+ Solid to Gas

• Sublimation is the conversion of a solid directly
to a gas without passing through the liquid state.

• Deposition is the conversion of a vapor directly
to a solid.

SOLtO USUID GAS
E.p

au=

rni

iI

18 1 Water in the Atmosphere

Water’ s Changes of State
• Solid to Liquid

• The process of changing state, such as melting
ice, requires that energy be transferred in the form
of heat.

• Latent heat is the energy absorbed or released
during a change in state.

• Liquid to Gas
• Evaporation is the process of changing a liquid to

a gas.
• Condensation is the process where a gas, like

water vapor, changes to a liquid, like water.



• Humidity is a general term for the amount
of water vapor in air.

• Saturation
• Air is saturated when it contains the maximum

quantity of water vapor that it can hold at any
given temperature and pressure.

• When saturated, warm air contains more water
vapor than cold saturated air.

18 1 Water in the Atmosphere

H urn d ity
• Relative Humidity

• Relative humidity is a ratio of the air’s actual
water-vapor content compared with the amount
of water vapor air can hold at that temperature
and pressure

• To summarize, when the water-vapor content of
air remains constant, lowering air temperature
causes an increase in relative humidity, and
raising air temperature causes a decrease in
relative humidity.

Sling Psychrometer

Humidity

18 1 Water in the Atmosphere

r r
H urn idity
• Dew Point

• Dew point is the temperature to which a parcel of air
would need to be Cooled to reach saturation.

• Measuring Humidity
• A hygrometer is an instrument to measure relative

humidity.
• A psychrometer is a hygrometer with dry- and wet

bulb thermometers Evaporation of water from the
wet bulb makes air temperature appear lower than
the dry bulb’s measurement The two temperatures
are compared to determine the relative humidity.

Dew on a Spider Web



Cloud Formation by Adiabatic Cooling
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182 Cloud Formation

Processes That Lift Air
• Frontal Wedging

• A front is the boundary between two adjoining air
masses having contrasting characteristics.

18 2 Cloud Formation

Air Compression and Expansion
• Adiabatic Temperature Changes

• When air is allowed to expand, it cools, and
when it is compressed, it warms.

• Expansion and Cooling
• Dry adiabatic rate is the rate of cooling or

heating that applies only to unsaturated air
• Wet adiabatic rate is the rate of adiabatic

temperature change in saturated air.

18 2 Cloud Formation

Processes That Lift Air
• Four mechanisms that can cause air to rise

are orographic lifting, frontal wedging,
convergence, and localized convective
lifting.

• Orographic Lifting
• Orographic tiftirig occurs when mountains act

as barriers to the flow of air, forcing the air to
ascend.

• The air cools adiabatically; clouds and
precipitation may result.

Orographic Lifting and Frontal Wedging 18 2 Cloud Formation

\_

Processes That Lift Air
• Convergence

• Convergence is when air flows together and
rises

• Localized Convective Lifting
• Localized convective lifting occurs where

unequal surface heating causes pockets of air to
rise because of their buoyancy.

.3



182 Cloud Formation

Condensation
• For any form of condensation to occur, the

air must be saturated.
• Types of Surfaces

• Generally, there must be a surface for water
vapor to condense on.

• Condensation nuclei are tiny bits of particulate
matter that serve as surfaces on which water
vapor condenses when condensation occurs in
the air.

Cirrus Clouds

Convérgenóe and Localized
Convective Lifting 18 2 Cloud Formition

; :

Stability
• Density Differences

• Stable air tends to remain in its original position,
while unstable air tends to rise.

• Stability Measurements
• Air stability is determined by measuring the

temperature of the atmosphere at various
heights.

• The rate of change of air temperature with height
is called the environmental lapse rate.

18 2 Cloud Formation

Sta bit ity
• Degrees of Stability

• A temperature inversion occurs in a layer of
limited depth in the atmosphere where the
temperature increases rather than decreases with
height.

• Stability and Daily Weather
• When stable air is forced above the Earth’s

surface, the clouds that form are widespread and
have little vertical thickness compared to their
horizontal dimension.

18 3 Cloud Types and Precipitation

Types of Clouds
• Clouds are classified on the basis of their

form and height.
• Cirrus (cirrus = curl of hair) are clouds that are

high, white, and thin.

• Cumulus (cumulus = a pile) are clouds that
consist of rounded individual cloud masses.

• Stratus (stratus = a layer) are clouds best
described as sheets or layers that cover much
or all of the sky

4



Cloud CIasSificatióñ

18 3 Cloud Types and Precipitation

Types of Clouds
• High Clouds

• Cirrus clouds are high, white, and thin.
• Cirrostratus clouds are flat layers of clouds.
• Cirrocumulus clouds consist of fluffy masses.

• Middle Clouds
• Altocumulus clouds are composed of rounded

masses that differ from cirrocumulus clouds in
that altocumulus clouds are larger and denser.

• Altostratus clouds create a uniform white to gray
sheet covering the sky with the sun or moon
visible as a bright spot.

i1*€r!rh14

Types of Clouds
• Low Clouds

• Stratus clouds are best described as sheets or
layers that cover much or all of the sky

• Stratocumulus clouds have a scalloped bottom
that appears as long parallel rolls or broken
rounded patches.

• Nimbostratus clouds are the main precipitation
makers.

18 3 Cloud Types and Precipitation

Types of Clouds
• Clouds of Vertical Development

Some clouds do not fit into any one of the three
height categories mentioned. Such clouds have
their bases in the low height range but often
extend upward into the middle or high altitudes.

18 3 Cloud Types and Precipitation 18 3 Cloud Types and Precipitation

Fog
• Fog is defined as a cloud with its base at or

very near the ground.

• Fog Caused by Cooling
As the air cools, it becomes denser and drains
into low areas such as river valleys, where thick
fog accumulations may occur

• Fog Caused by Evaporation
When cool air moves over warm water, enough
moisture may evaporate from the water surface
to produce saturation

How Precipitation Forms
• For precipitation to form, cloud droplets

must grow in volume by roughly one million
times.

• Cold Cloud Precipitation
• The Bergeron process is a theory that relates

the formation of precipitation to supercooled
clouds, freezing nuclei, and the different
saturation levels of ice and liquid water.

5
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How Precipitation Forms
• Cold Cloud Precipitation

• Supercooled water is the condition of water
droplets that remain in the liquid state at
temperatures well below 0°C.

• Supersaturated air is the condition of air that is
more concentrated than is normally possible
under given temperature and pressure
conditions.

lajcloud Types and Precipitation

How Precipitation Forms
• Warm Cloud Precipitation

The collision-coalescence process is a theory
of raindrop formation in warm clouds (above 0°C)
in which large cloud droplets collide and join
together with smaller droplets to form a raindrop.

18 3 Cloud Types and Precipitation

Forms of Precipitation
• The type of precipitation that reaches

Earth’ s surface depends on the
temperature profile in the lower few
kilometers of the atmosphere.

• Rain and Snow
• In meteorology, the term rain means drops of

water that fall from a cloud and have a diameter
of at least 0.5 mm.

• At very low temperatures (when the moisture
content of air is low) light fluffy snow made up
of individual six-sided ice crystals forms.

183 Cloud Types and Precipitation

Forms of Precipitation
-Rain is snow that falls through warm air and falls to

ground as rain or water that says as water as it
falls

-Freezing rain when rain falls and freezes on cold
surfaces

-Sleet is when rain freezes as it passes through cold
air on the way down

-Snow is frozen water that stays frozen all the way
down

-Hail is produced in cumulonimbus clouds.

6
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Hallstones begin as small ice pellets that grow by collecting
supercooled water droplets as they fall through a cloud

drop
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Cioudjype]iwjngsnd Facts Name_____________

Directions: On a blank sheet of paper, complete the following for a 35-point lab grade.

(Textbook reference: pages 563-566)

_______

Set up your paper with the 3 main altitude areas that separate clouds with
labels in meters arid feet (see page 565) (5)

______

Draw and label the following cloud types in the correct altitude areas: (10)

-nimbostratus -stratus -stratocumulus -altostratus
-altocumulus -cumulus -cumulonimbus -cirrus

-cirrostratus -cirrocumulus

______

On the back of your drawing of clouds list and define the 3 main cloud

appearances (3)

______

On the back of your drawing of clouds list and define the 4 main cloud

altitude descriptions with their appropriate prefix (4)

______

On the back of your drawing of clouds, define what fog is (1)

______

On the back of your drawing of clouds, the 11 cloud types you have drawn

with a description of the type of weather that comes from them (10)

_______

Neatness (2)

______

Attach this sheet to your work





19 1 Understanding Air Pressure

Air Pressure Defined
• Air pressure is the pressure exerted by the

weight of air.
• Air pressure is exerted in all directions—

down, up, and sideways. The air pressure
pushing down on an object exactly
balances the air pressure pushing up on
the object.
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Measuring Air Pressure
• A barometer is a device used for

measuring air pressure.

• When air pressure increases, the mercury
in the tube rises. When air pressure
decreases, so does the height of the
mercury column.

Factors Affecting Wind
• Wind is the result of horizontal differences

in air pressure. Air flows from areas of
higher pressure to areas of lower pressure.

• The unequal heating of Earth’ s surface
generates pressure differences. Solar
radiation is the ultimate energy source for
most wind.

• Three factors combine to control wind:
pressure differences, the Coriolis effect,
and friction.

2



19 1 Understanding Air Pressure

Factors Affecting Wind
4 Pressure Differences

• A pressure gradient is the amount of pressure
change occurring over a given distance.

• Closely spaced isobars—hnes on a map that
connect places of equal air pressure—indicate a
steep pressure gradient and high winds Widely
spaced isobars indicate a weak pressure
gradient and light winds.
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Factors Affecting Wind
• Coriolis Effect

The Corioljs effect describes how Earth’ s
rotation affects moving objects. in the Northern
Hemisphere, all free-moving objects or fluids.
including the wind, are deflected to the right of
their path of motion. In the Southern
Hemisphere, they are deflected to the left
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Factors Affecting Wind
• Friction

• Friction acts to slow air movement, which
changes wind direction.

• Jet streams are fast-moving rivers of air that
travel between 120 and 240 kilometers per hour
in a west-to-east direction,

4



I 5.W J.1.1 II a) WJ I [I ii I Ill

Highs and Lows

• Cyclones are centers of low pressure.
• Anticyclones are centers of high pressure.
• In cyclones, the pressure decreases from

the outer isobars toward the center. In
anticyclones, just the opposite is the case—
the values of the isobars increase from the
outside toward the center.

19 2 Pressure Centers and Winds

Highs and Lows
+ Cyclonic and Anticyclonic Winds

• When the pressure gradient and the Coriolis
effect are applied to pressure centers in the
Northern Hemisphere, winds blow
counterclockwise around a low. Around a high,
they blow clockwise.

• In either hemisphere, friction causes a net flow
of air inward around a cyclone and a net flow of
air outward around an anticyclone.

Cyclonic and Anticyclornc Winds

.‘ ‘

,.:r

5



19 2 Pressure Centers and Winds

Highs and Lows
• Weather and Air Pressure

• Rising air is associated with cloud formation and
precipitation, whereas sinking air produces clear
skies

• Weather Forecasting
• Weather reports emphasize the locations and

possible paths of cyclones and anticyclones.

• Low-pressure centers can produce bad weather
in any season.

Airflow Patterns, Surface and Aloft
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192 Pressure Centers and Winds
-

Goba1 Winds
6 The atmosphere balances these differences

by acting as a giant heat-transfer system.
This system moves warm air toward high
latitudes and cool air toward the equator.

• Non-Rotating Earth Model

• On a hypothetical non-rotating planet with a
smooth surface of either all land or all water, two
large thermally produced calls would form.
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Global Winds
• Rotating Earth Model

• If the effect of rotation were added to the global
circulation model, the two-cell convection system
would break down into smaller cells.

• Trade winds are two belts of winds that blow
almost constantly from easterly directions and are
located on the north and south sides of the
subtropical highs.

• Westerlies are the dominant west-to-east motion
of the atmosphere that characterizes the regions
on the poleward side of the subtropical highs.

192 Pressure Centers and Winds

I Global Winds
• Rotating Earth Model

• Polar easterlies are winds that blow from the
polar high toward the subpolar low. These winds
are not constant like the trade winds

• A polar front is a Stormy frontal zone separating
cold air masses of polar origin from warm air
masses of tropical origin.

7



Circulation on a Rotating Earth

19 2 Pressure Centers and Winds

Global Winds
• Influence of Continents

The only truly continuous pressure belt is the
subpolar ow in the Southern Hemisphere. In the
Northern Hemisphere, where land masses break
up the ocean surface, large seasonal temperature
differences disrupt the pressure pattern.

Monsoons are the seasonal reversal of wind
direction associated with large continents,
especially Asia. In winter, the wind blows from land
to sea In summer, the wind blows from sea to
land.

Surface Pressure
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19 3 Regional Wind Systems

Local Winds
• The local winds are caused either by

topographic effects or by variations in
surface composition—land and water—in
the immediate area.

• Land and Sea Breezes
In coastal areas during the warm summer months, the
land surface is heated more intensely during the
daylight hours than an adjacent body ot water is
heated. As a result, the air above the land surface
heats, espands, and rises, creating an area of lower
pressure. At night the reverse takes place.

Sea and Land Breezes
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193 Regional Wind

Local Winds
• Valley and Mountain Breezes

In mountainous regions during daylight hours,
the air along the slopes of the mountains is
heated more intensely than the air at the same
elevation over the valley floor Because this
warmer air on the mountain slopes is less
dense, it glides up along the slope and
generates a valley breeze. After sunset the
pattern may reverse.
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How Wind Is Measured
• Wind Speed

Valley and Mountain Breeze
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19 3 Regional Wind Systeis

How Wind Is Measured
• Wind Direction

• The prevailing wind is the wind that blows
more often from one direction than from any
other.

• In the United States, the westerlies consistently
move weather from west to east across the
continent.

• An anemometer is an instrument that resembles
a cup and is commonly used to measure wind
speed
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19 3 Regional Wand Systems

El Niño and La Nina
• El Niño

• El Niño is the name given to the periodic
warming of the ocean that occurs in the central
and eastern Pacific.

• At irregular intervals of three to seven years.
these warm countercurrents become unusually
strong and replace normally cold offshore waters
with warm equatorial waters.

• A major El Niño episode can cause extreme
weather in many parts of the world.

11



193 Iegaonal Wand Systems

El Niño and La Nina
•LaNiña

Researchers have come to recognize that when
surface temperatures in the eastern Pacitic are
colder than average, a La Nina event is triggered
that has a distinctive set of weather patterns.

19 3 Regional Wind Systems

Global Distribution of Precipitation
• Global precipitation can be explained if

knowledge of global winds and pressure
systems are applied.

J
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• Air Masses
• An air mass is an immense body of air that is

characterized by similar temperatures and
amounts of moisture at any given altitude.

• Movement of Air Masses
• As it moves, the charactenstics of an air mass

change and so does the weather in the area over
which the air mass moves.

Air Masses and Weather

1
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Tornado Damage

CIassifyng Air Masses
• In addition to their overall temperature, air

masses are classified according to the
surface over which they form.

2



Air Masses Are Classified by Region

Weather in North America
+ Much of the weather in North America,

especially weather east of the Rocky
Mountains, is influenced by continental
polar (cP) and maritime tropical (mT) air
masses.

201 AirMasses

Weather in North America
+ Continental Polar Air Masses

• Continental polar air masses are uniformly cold
and dry in winter and cool and dry in summer.

• Maritime Tropical Air Masses
• Maritime tropical air masses are warm, loaded

with moisture, and usually unstable.

• Maritime tropical air is the source of much, if not
most, of the precipitation received in the eastern
two-thirds of the United States.



Weather in North America
+ Maritime Polar Air Masses

• Maritime polar air masses begin as cP air
masses in Siberia. The cold, dry continental
polar air changes into relatively mild, humid,
unstable maritime polar air during its long
journey across the North Pacific.

• Maritime polar air masses also originate in the
North Atlantic off the coast of eastern Canada

Maritime Polar Air Masses

Weather in North America
4 Continental Tropical Air Masses

• Only occasionally do cT air masses affect the
weather outside their source regions. However,
when a cT air mass moves from its source region
in the summer, it can cause extremely hot.
droughtlike conditions in the Great Plains.

• Movements of cT air masses in the fall result in
mild weather In the Great Lakes region, often
called Indian summer.

4



Types of Fronts
• Warm Fronts

• A warm front forms when warm air moves into
an area formerly covered by cooler air.

• Cold Fronts
• A cold front forms when cold, dense air moves

into a region occupied by warmer air.

Formation of Fronts
• When two air masses meet, they form a

front, which is a boundary that separates
two air masses.

Formation of a Warm Front
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Types of Fronts
• Stationary Fronts

Occasionally, the flow of air on either side of a
front is neither toward the cold air mass nor
toward the warm air mass, but almost parallel to
the line of the front In such cases, the surface
position of the front does not move, and a
stationary front forms

• Occluded Fronts
• When an active cold front overtakes a warm

front, an occluded front forms

Formation of a Cold Front
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Formation of an Occluded Front

1 . .

• Middle-latitude cyclones are large centers
of low pressure that generally travel from
west to east and cause stormy weather.

j

NHddie-Latitude Cycfones

Satellite View of a Mature Cyclone
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Middle-Latitude Cyclone Model

202 Fronts
•.. . .
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I The Role of Airflow Aloft
• More often than not, air high up in the

atmosphere fuels a middle-latitude cyclone.

8



Thunderstorms

Thunderstorms
• Occurrence of Thunderstorms

At any given time, there are an estimated 2000
thunderstorms in progress on Earth. The
greatest number occur in the tropics where
warmth, plentiful moisture, and instability are
common atmospheric conditions
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+ A thunderstorm is a storm that generates
lightning and thunder. Thunderstorms
frequently produce gusty winds, heavy rain,
and hail.

203 Severe Storms

+ Development of Thunderstorms
• Thunderstorms form when warm, humid air rises

in an unstable environment.

9



Tornadoes
• Tornadoes are violent windstorms that take

the form of a rotation column of air called a
vortex. The vortex extends downward from
a cumulonimbus cloud.

• Occurrence and Development of Tornadoes
• Most tornadoes form in association with severe

thunderstorms.

• A mesocyclone is a vertical cylinder of rotating air

that develops in the updraft of a thunderstorm.

Formation of a Mesocyclone

• Because tornado winds cannot be measured
directly, a rating on the Fujita scale is determined

by assessing the worst damage produced by the
Storm.

• Tornado Safety
• Tornado watches alert people to the possibility of

tornadoes in a specified area for a particular time

• A tornado warning is issued when a tornado has
actually been sighted in an ares or is indicated by
weather radar.

Tornadoes
• Tornado Intensity

10



Fujita Tornado Intensity Scale
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203 Severe Storms

Hurricanes
• Whirling tropical cyclones that produce

winds of at least 119 kilometers per hour are
known in the United States as hurricanes.

• Occurrence of Hurricanes
• Most hurricanes form beaeen about 5 and 20

degrees north and south latitude. The North
Pacific has the greatest number of storms.
averaging 20 per year
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Hurricanes
• Development of Hurricanes

• Hurricanes develop most often in the late
summer when water temperatures are warm
enough to provide the necessary heat and
moisture to the air.

• The eye is a zone of scattered clouds and calm
averaging about 20 kilometers in diameter at the
center of a hurricane.

• The eye wall is a doughnut-shaped area of
intense cumulonimbus development and very
strong winds that surrounds the eye of a
hurricane.

Hurricanes
• Hurricane Intensity

• The intensity of a hurricane is described using
the Saffir-Simpson scale.

• A storm surge is the abnormal rise of the sea
along a shore as a result of strong winds

Cross Section of a Hurricane

12
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Meteorology
Weather Review

Standard 6. Students will be able to demonstrate an understanding of what air pressure is,
how it is measured, and what it influences in current weather.

Explain what atmospheric air pressure is. Use a diagram in your description.

You measure the air pressure to be 28.50 in on the barometer in the classroom at Hayward High
School. Why do we need to add 1 .55 in to it when we report it for our weather station?

You find the following barometer readings. Provide their equivalent readings in millibars:

30.lin

_________

mb

29.5in=

_________

mb

Explain the relationship between differences in pressure and wind.

On Earth, how does a high pressure system rotate in the northern hemisphere?

A low pressure system?

How does knowing the location of high and low pressure systems help to determine the potential
weather in an area when it comes to precipitation and temperature?

When wind blows in the northern hemisphere, why does it bend to the right?

Why are there global wind patterns on Earth?
Standard 7. Students will be able to identify and describe the main cloud shape and
altitude categories, and, the key cloud types and the weather they indicate.

List and describe the three main cloud shapes.

What are the three main cloud altitude prefixes?

What does stratoc unuilus mean?

Cirrostratus?

Altostratus?

Identify the clouds and the kind of weather associated with them. Use the “weather
indicated by cloud types present” link on the Moodle page as a resource:

Cloud



Cloud

Cloud

Weather Weather

Weather
Weather

Weather

Cloud



C loud

_________________

Standard 8. Students will be able to demonstrate an understanding of what humidity and
dew point is, how to measure it, and what it influences in current weather.

What is humidity?

What is dew point?

Explain the science behind using a sling psychrometer in the process of measuring and recording
humidity and dew point. Explain how the data from the psychrometer is used also.

Standard 9. Students will be able to demonstrate an understanding of different forms of
precipitation, how to measure them, and what it influences in current weather.

Different forms of precipitation — how are they formed: snow. rain, sleet (use a diagram), hail
(use a diagram).

Where does precipitation form and under what conditions?

How is precipitation measured?

Standard_10. Students will be able to demonstrate an understanding of the different kinds
of air masses, what a front is, and the different kinds of fronts and the weather they can
bring.

How are air masses categorized?

What are the four categories of air masses?

What is a warm front and what kind of weather does it bring?

Weather

Weather

What is a cold front and what kind of weather does it bring?



What is a stationary front and what kind of weather does it bring?


