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UNIT 1
Introduction To Weather
SECTION 1. EARTH GEOGRAPHY
1. Movement Of The Earth - Rotation

The earth is a sphere that revolves around the sun. At the same time that the earth revolves
around the sun, it also rotates around its own axis. The sun radiates light/heat that is
received by the earth. When the earth rotates on its axis, some parts of the earth receive
light/heat from the sun (day); while parts on the opposite side of the earth do not (night).
Since the earth completes one rotation every 24 hours, each part of the earth has one "day"
period and one "night" period every 24 hours. The rotation of the earth produces the
sequence of nights and days. See figure 1.

2. Movement Of The Earth - Revolution

While the earth is rotating around its own axis, it is also revolving around the sun in a circular
path. The earth completes one revolution around the sun every 365% days. Each revolution
the earth makes around the sun takes one year. See figure 1.

3. The Angle Of The Earth's Axis

If the earth's axis were straight up and down, as in figure 2, the amount of radiation from the
sun that each part receives would not change as the earth made its revolution around the
sun. But, the earth's axis is not straight up and down, it is at an angle as is shown in figure 3.
According to where the earth is in its revolution around the sun, one hemisphere will be
closer to the sun than the other. See figure 3.

4. The Seasons

The revolution of the earth around the sun and the angle of the axis produce the general
changes in temperature that are called the seasons: winter, spring, summer, and fall. When
the areas above the equator in the northern hemisphere have winter because they are
angled away from the sun, the areas below the equator in the southern hemisphere have
summer because they are angled toward the sun. See figure 3, position 1. Six months later,
when the earth has made half of a revolution around the sun, the positions will be reversed.
The northern hemisphere will be having summer while the southern hemisphere will be
having winter. See figure 3, position 2. As the earth continues its revolution, the northern
hemisphere will start to be away from the sun
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and have fall, while the southern hemisphere will start to be toward the sun and have spring.
The revolution of the earth and the angle of the axis produce the sequence of the seasons--
winter, spring, summer, and fall--each year.

5. The Temperature Zones

It is useful to divide the earth's surface into three general types of temperature zones, based
on the angle of the earth's axis and the revolution of the earth around the sun. See figure 4.

a. Tropical Zone. The tropical zone extends approximately 1600 miles (2600 km) north
of the equator and 1600 miles south of the equator. The areas in the tropic zone tend to be
warm or hot throughout the year. See figure 4.

b. Temperate Zones. There are two temperate zones, one in the northern hemisphere
and the other in the southern hemisphere. The northern temperate zone extends north from
the tropical zone approximately 2900 miles (4700 km). The southern temperate zone extends
south from the tropical zone the same distance. Areas in the temperate zones tend to have
warm or hot summers and cool or cold winters. See figure 4.

c. Polar Zones. There are also two polar zones, one in each hemisphere. The northern
polar zone extends approximately 1600 miles from the northern temperate zone to the north
pole. The southern polar zone extends from the southern temperate zone to the south pole.
Areas in the polar zones tend to be cold. See figure 4.



SECTION 2. CLIMATE AND WEATHER
1. Climate

Climate is the word used to describe the general year after year weather conditions in a
particular region or area. When a particular area is described, the geography of the area and
its climate are closely related. Some of the major factors that determine the climate of an
area are as follows:

a. The Temperature Zone. The temperature zone that an area is located in is usually a
major factor in its climate. See figure 5.

b. Humidity. The amount of evaporated water in the air is a major factor in the
climate of an area. Clouds are formed when evaporated water condenses into very small
drops of water. Larger drops become precipitation that falls as the area's rain, snow, sleet,
and hail.

c. Movement of the Air. The air that makes up the earth's atmosphere does not remain in one place
but moves about the earth. Cold polar air moves across the temperate zones, as does tropical air.
Maritime air from overseas and oceans moves across the continents, and continental air moves over
other parts of the continent, or out over the seas. The movement of air is a major climate factor.

d. Elevation. The height of an area above sea level is often an important climate factor. As a
general rule temperatures decrease as height or altitude above sea level increases. Higher
areas usually have cooler or colder climates than low regions in the same area. See figure 5.

e. General Geography. In addition to the general temperature zone an area is located in,
other geographic factors that are important to a climate can be the availability of surface
water in the form of oceans, seas, rivers, and lakes, and the location of mountain zones that
control the movements of the air in a region or area. See figure 5.

2. Weather

If climate is a word used to describe the general year-to-year weather conditions in an area,
then weather is the word used to describe the day-to-day atmospheric conditions. Since
everybody experiences the weather conditions around him throughout his life, weather is
discussed in nontechnical terms by all people. Some of the more common terms used to
describe particular weather features are listed below.

a. Temperature. Days are described as hot, cold, cool, or warm; or thermometer
temperatures are given in degrees Celsius or degrees Fahrenheit.

b. clouds. Days are described as being clear, cloudy, or overcast. Clouds on the surface are
called fog. Certain clouds, particularly if they are black colored, are called rain clouds or
thunder clouds.



c. Precipitation. hail, or sleet.

Precipitation is identified as being rain, snow,

d. Winds. Winds are described as being strong or light, and are often identified by the
direction they blow from, i.e., north wind, east wind, etc.

e. Storms. Strong winds that combine with other conditions are called storms, i.e.,
rainstorms, snowstorms, hailstorms, sandstorms, duststorms, and thunderstormes.

f. Humidity. Days are described as being humid or dry.



GLOSSARY
AREA: noun; a particular zone, region, or part
Ex. This area of the country has a lot of mountains.
CONTINENT: noun; a large land area on the earth's surface
Ex. The North American continent is north of the equator.
CONTINENTAL: adjective form of continent (-al)
ELEVATION: noun; the height of a feature on a surface, usually
the distance above sea level
Ex. That city is near the sea; the elevation is only 50 feet.
EQUATOR: noun; an imaginary line around the middle of the earth
midway between the north and south poles
Ex. The area of the earth north of the equator is called the northern hemisphere.
EXTEND: verb; (1) to reach from one point to another

Ex. The United States extends from the Atlantic Ocean to the Pacific Ocean.

Ex. The blackboard extends from one wall to the other.

(2) to reach out or up
Ex. The atmosphere extends many miles up from the surface of the earth.

Ex. The wings extend out from the sides of the airplane.

MARITIME: adjective; areas near the sea or sea areas
Ex. Air from the maritime areas usually contains a lot of moisture.
NORTHERN: Adjective form of north (-ern)
POLAR: adjective form of pole (-ar)
POLAR ZONE: noun; the temperature zones near the north pole and the
south pole.

SEA LEVEL: noun; the height of the surface of the oceans, usually used as the zero (@) point
to measure elevation

Ex. The elevation of the airport is 2,000 feet above sea level.
SOUTHERN: adjective form of south (-ern)
SPHERE: noun; a ball-shaped object

Ex. An orange is a sphere-shaped fruit.

Note: hemisphere = half-sphere

TEMPERATE ZONE: the area of the earth's surface between the tropical

zone and the polar zones



THERMOMETER: an instrument used to measure temperature

Ex. It's cold today, the thermometer only shows 5 degrees centigrade.
Note: thermo (heat) + meter (measuring instrument)
TROPICAL: adjective form of tropic

TROPICAL ZONE: the area of the earth's surface extending 1600 miles

north and 1600 miles south of the equator



Language Exercises
. NEW TERMINOLOGY: Oral Exercises

1. Select words from the list below to complete the following sentences. Some of the words
may be used more than once, and you may have to make the word plural or change the
tense. Do not try to write the words in the spaces.

Equator polar zones tropical zone
extend southern
northern temperate zone
a. The tropical zone about 1600 miles north and south of the equator.
b. The northern_ is located between the tropical zone and the northern polar
zone.
c. Temperatures in the tend to be warm or hot through out the year.

d. The dividing line between the northern hemisphere and the southern hemisphere is the

e. Temperatures in the southern temperate zone are about the same as those in the
temperate zone.

f. The temperate zone is located between the tropical zone and the southern polar
zone.

g. We associate ice, snow, and year-round cold weather with the

h. When the northern hemisphere is having winter, the hemisphere is having
summer.

i. When we are above the , temperatures get colder as we go northward; when we
are below the , they get colder as we go southward.

J. We usually think of the earth's axis as the imaginary line. That through the earth,
from the north pole to the south pole.

k. The get their names from the fact that they are the zones located
around the north and south poles.

|. Weather in the is not the same throughout the year; summers are
warm/hot and winters are cool/cold.

m. The has a warm/hot climate throughout the year because its position
in relation to the sun does not change much as the earth makes its revolution

n. The climates in the two and the two show
changes by seasons because their positions are greatly changed in the revolution,
according to whether they are angled toward, or away from the sun.
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2.Select words from the list below to complete the following sentences. Some of the words
may be used more than once, and you may have to make the word plural or change the
tense. Do not try to write the words in the spaces.

area maritime thermometer
continent polar tropical
continental sea level
elevation sphere

a. We usually think of climates as being cold all year.

b. Africais a good example of a large land area that is called a

c. When we talk about a maritime area, we can almost assume that the elevation is at, or
near,

d. Higher usually have lower temperatures than lower in the same region.
e. Most people associate hot or warm year-round climates with areas, but there
are mountains near the equator that have snow all year.
f. Itis necessary to have a to accurately measure temperature.
Evaporation from the oceans and seas causes air to be humid.
h. We would expect air from a area to be cold, and air from a

area to be warm or hot.

i. Since air from a area is assumed to be humid, air from a areais
usually assumed to be dry.

j. As a general rule, when increases we expect temperature to decrease.

k. The word is used to show that something is round like a ball, and not round like a
dish, or round like a cigarette.

|. Measurement from the surface upward is called height,
measurement from sea level upward is called .

m. Some books say that North and South America are two separate ; others say
that they are one n. Since the earth is in the shape of a , one half
of itis called a hemisphere.
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[l. SENTENCE PRACTICE: Oral Exercises
NOTE: When we talk about events that occur in the same way each

time that they occur, or when we talk about things that are normally or generally
true, we often use sentences with the words "when" or "if." In this kind of sentence

"when" and "if" have approximately the same meaning. Compare the two example
sentences that state "water freezes at 0°c."

(1) When the temperature falls below zero degrees centigrade, water freezes.
(2) If the temperature falls below zero degrees centigrade, water freezes.
1. Use the information given to make "if" sentences as shown below.

Examples:

Information: Winter/Northern Hemisphere.

Say: "If it is winter in the northern hemisphere, it is summer
in the southern hemisphere."

Information: Winter/Southern Hemisphere.

Say: "If it is winter in the southern hemisphere, it is summer

in the northern hemisphere."



Information:

a. Spring/Northern Hemisphere

12

b. Summer/Northern Hemisphere

c. Fall/Northern Hemisphere

d. Winter/Northern Hemisphere

e.Spring/Southern Hemisphere

f.Summer/Southern Hemisphere

g.Fall/Southern Hemisphere

h. Winter/Southern Hemisphere

2. Use the information given to make "if" sentences as shown below.
Examples:

Information: West Say: "If the wind blows from the west, it is called a west wind."
Information: East Say: "If the wind blows from the east, it is called an east wind."

Information:

a. North

b. Northeast

c. East




d. Southeast

e. South

f. Southwest

g. West

h. Northwest

3. Use the information given to make "if" sentences as shown below.
Examples:
Information: Strong Winds/Rain.
Say: "If strong winds and rain are combined, we say it is a
rainstorm."
Information: Strong Winds/Dust.
Say: "If strong winds and dust are combined, we say it is a
dust storm."
Information:

a. Strong Winds/Ice

b. Strong Winds/Hail
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c. Strong Winds/Sand

d. Strong Winds/Snow

e. Strong Winds/Sleet

f. Strong Winds/Rain




g. Strong Winds/Dust

h. Strong Winds/Thunder

4. Use the information given to make "if" sentences as shown below.

Examples:

Information: In the Mountains/Cool.

Say: "If a town is located in the mountains, it probably has a
cool climate."

Information: Near a Sea/Humid

Say: "If a town is located near a sea, it probably has a humid
climate."

Information:

a. Near a Desert/Dry

b. Near the Equator/Hot

c. Near a Polar Zone/Cold

d. Near the Sea/Maritime

14

e. Near a Tropical Sea/Warm-Humid

f. Near a Tropical Desert/Hot-Dry

g. Near a Northern Sea/Cool-Humid




h. Near a Northern Desert/Cool-Dry

15
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. VOCABULARY EXPANSION:  Oral Exercises

NOTE: Once you learn one form of a word, ex. verb: to heat, you should learn to
recognize and understand the other forms as they usually contain the

same basic meaning.

EXAMPLE: Verb: to heat, i.e., The sun heats the air.
Noun: heat, i.e., Deserts have a dry heat.
Noun: heaters, i.e., Small electric heaters are cheap.
Adjective: heating, i.e., Many houses have central heating
systems.
Adjective: heated, i.e., The heated air expands and rises.
Abbreviations: Noun =n. Verb=v. Adjective =adj. Adverb =adv.

Use the correct forms of the words listed to complete the following sentences. Some of the
words may be used more than once.

a. angle(s), n. angle(d), v. angled, ad;.
1) When you come to the intersection, take the road that to the right.
2) We learned how to measure in school.
3) During one part of the year the northern hemisphere is toward the sun.
4) The road goes up the mountain in a series of turns.
b. cool(ed), v. cooling, adj. cooled, adj.
cooler, n. coolly, adv. cool (er) (est), adj.

1) This will keep soft drinks cold for about three hours.

2) Inthis section of the country weather begins in September.
3) I'll have to wait until the coffee before | can drink it.

4) Alot of cars don't use water, they have air engines.

5) Our classrooms were very hot last week, the central system was

broken.
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6) The electric motor was running ,then it got hot and began
to smoke.

7) Every night about nine o'clock we get a wind from the north.

8) Thisis the day we have had in a long time.

c. divide (ed), v. division(s), n. divided, adj.
dividing, adj. divider(s), n.

1) Itis useful to the earth's surface into five temperature zones.

2) Itis much safer to drive on a highway than to drive on one that has two-

way traffic. The of the year into four seasons

3) The of the year into four seasons is more accurate in the temperate zones.
4) The line between the two hemispheres is the equator.
5) You can buy notebooks that have colored that separate them into

three or four sections.

6) He the class into two groups, those who did well on the test, and those

who didn't. Guess what | was in.
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UNIT 2
Weather Causes (1)
SECTION 1. ATMOSPHERE

1. General

This study of weather causes is not a complete course in meteorology. It is a review of basic
meteorology, and provides you with sufficient knowledge to effectively use weather
information. It covers atmospheric properties, the structure of the atmosphere, atmospheric

processes, and weather-producing systems.

2. Layers

The atmosphere is divided into five layers with each layer having certain features. For our
purpose we will talk about the troposphere and the stratosphere, since most aircraft flights
occur in those layers.
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Vertical structure of the atmosphere showing one division into layers or spheres based on
temperature.

Figure 1
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3. Troposphere

The troposphere is the layer of air that begins at the surface of the earth and extends upward
to an average altitude of 7 miles. Its height varies from the equator to the poles, and from
season to season. It is higher over the equator than over the poles, and it also has a greater
height in the summer. The troposphere contains about three quarters (75%) of the earth's
atmosphere by weight and almost all of the weather. The border between the troposphere
and the stratosphere is called the tropopause. It is important because high-speed winds are

often found near the tropopause. |

4. Stratosphere

The stratosphere is the layer just above the tropopause. The stratosphere begins (base) at an
average height of seven miles and extends upward to an average height of 22 miles (top).
The characteristics of the layer are a slight increase of temperature with height and almost
no humidity. Occasionally, however, a strong thunderstorm in the troposphere will cross the

tropopause and enter into the lower stratosphere.
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SECTION 2. ATMOSPHERIC PRESSURE

1. Pressure

Atmospheric pressure is the amount of weight that a column of air has on an object.

Atmospheric pressure is measured with a barometer.

2.  Mercurial Barometer

A mercurial barometer uses a column of mercury in a glass tube to measure the weight of the
atmosphere. The height of the column of mercury in the tube changes as the weight of the
atmosphere changes. If the atmospheric pressure increases, the mercury will rise higher in
the tube; if the atmospheric pressure decreases, the mercury will move downward in the
tube. The height of the mercury in the tube is measured in inches. This height, measured in
inches, is used as a measurement of atmospheric pressures.

1 Inch Square

I
'
|
|
|
|

Air (to top of atmosphere)

29.92 Inches of Mercury

Air Pressure

14.7 Ibs 14.7 Ibs

At the left: A mercurial barometer showing air pressure
supporting a column of mercury 29.92 inches high in the
barometer tube.

At the right: A scale showing that the weight of a 29.92
inch high column of mercury, one inch square, is the same
weight as a column of air one inch square that extends to

the top of the atmosphere.
Figure 2
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3. Aneroid Barometer

An aneroid barometer uses a closed hollow container, partially emptied of air, to measure
atmospheric pressure. The container is sensitive to differences in atmospheric pressure;
when pressure increases the container is slightly compressed, when pressure decreases the
container expands slightly. The hollow container is connected to an arm that indicates the
pressure on a graduated scale. The aneroid barometer is smaller and easier to move around
than a mercurial barometer, but generally it is less accurate and more likely to need
adjustment. When it is used for official measurements it must be checked by comparing it
with a mercurial barometer at least once a week.

GRADUATED
PRESSURE HIGH LOY PRESSURE SCALE
H

INDICATOR
ARM

The aneroid barometer. The closed hollow container expands and contracts with changes in
atmospheric pressure. The movements of the container are made. larger by the link to the
indicator arm. The indicator arm shows pressure on the graduated scale.

Figure 3

4. Conversion To Sea Level Pressure

If all weather stations were at the same elevations, barometer readings for each station's
location marked on a weather map would give a correct record of the atmospheric pressures
all over the map. However, pressure decreases with height at the rate of approximately one
inch of mercury per thousand feet in the lower few thousand feet of the atmosphere. (The
rate of decrease is greater in colder air.) Since the stations that report pressure have a wide
range of elevations the barometer readings must be converted to sea level pressures so that
they will only show the difference in air pressure that is not related to elevation. There
conversion shows what the pressure would be if the station were at sea level. This makes the
pressure on weather maps and reports more useful and more meaningful.

5. Conversion To Millibars

After the barometer pressure reading is converted to what it would be at sea level, it is
changed to millibars, as millibars are the units of atmospheric pressure measurement that
are used on weather maps. When the pressures at the different stations are compared, it is
possible to determine many factors that indicate the trend of weather conditions.
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6. Altimeter

The altimeter is a type of aneroid barometer that shows the pressure reading as feet of
altitude or elevation. An altimeter reading is most accurate in showing actual true altitude
when it is on or near the airport from which the altimeter setting has been obtained. An
altimeter is set by adjusting it to show local differences in atmospheric pressure. When an
accurate altimeter has been set to the local pressure, it will read the airport's elevation when
it is on the surface of the airport.
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SECTION 3. TEMPERATURE
1. Temperature Distribution

Two temperature scales are commonly used in communicating weather information--
Fahrenheit (F) and Celsius/centigrade (C). The freezing point of water is 32° on the Fahrenheit
scale (32°F) and zero on the Celsius scale (0°C). Water boils at 212°F, or 100°C when it is at
sea level.

2. Lapse Rate

Temperature normally decreases with increasing altitude in the lower 30 to 40 thousand feet
of the atmosphere. This decrease in temperature with an increase in height is defined as the
lapse rate. A standard lapse rate is approximately 2°C per thousand feet.

3. Inversion/Inversion Layer

An inversion is an abnormal increase of the temperature of the atmosphere with height.
An inversion layer is a layer of air that shows inversion characteristics.

4.  Isothermal Layer

An isothermal layer is a layer in which temperature does not change with height.
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SECTION 4. STANDARD ATMOSPHERE

1. Characteristics

Several general characteristics of the atmosphere have already been mentioned, but in order
to measure a change from normal, we have to establish a standard for a "normal"
atmosphere. Conditions through the world for all areas and all seasons have been averaged
to determine:

a. asurface temperature of 59°F (15°C) at sea level

b. asurface pressure of 29.92 inches of mercury (1013.2 millibars) or 14.7 pounds
per square inch at sea level

c. alapse rate (decrease of temperature with height) in the troposphere of
approximately 2°C per thousand feet

d. atropopause of approximately 36,000 feet

e. atemperature at the tropopause of -55°c



GLOSSARY
ALTIMETER: noun; an instrument used to measure altitude
Ex. The altimeter showed that the plane was at 10,000 ft.
Note: alti (high) + meter (measuring instrument)
ANEROID BAROMETER: noun; a type of barometer that does not use
liquid to measure pressure

Ex. He used an aneroid barometer because it was smaller and easier to move from place to
place.

AVERAGE: noun; the total of a column of figures, divided by the

number of items in the column. Also the total length, cost, weight, etc., of a group of items
divided by the number of items

Ex. The average of 4,5, and 9 is 6.

Ex. The average height of the three men was 5 feet, 8 inches.
BAROMETER:  noun; an instrument used to measure atmospheric pressure

Ex. The weather station has two types of barometers.

Note: baro (pressure/weight) + meter (measuring instrument)
BOIL: verb; to use heat to change water to steam

Ex.  He boiled water to make tea.

Ex. Water boils at 100°c
.CHARACTERISTIC(S): noun; the feature or features that identify one

thing as being different from another thing

Ex. A characteristic of an inversion is that the temperature increases with height.
CONVERT: verb; to change one thing into another thing

Ex. Inches can be converted to centimeters by multiplying the inches by 2.54.
CONVERSION: the noun form of convert
DETERMINE: verb; to find out or to identify

Ex. The pilot uses his altimeter to determine his altitude.
INVERSION LAYER: noun; a layer of the atmosphere in which temperatures

increase with height

Ex. The air temperature is increasing, we must be climbing
through an inversion layer.

Note: Inversion = noun form of verb "invert," to turn over.
ISOTHERMAL LAYER: noun; a layer of air in which the temperature does

not change with height

Ex. We have climbed 2,000 feet without having any change in the

air temperature; we must be in an isothermal layer.
Note: iso (equal) + thermal (heat)
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LAPSE RATE: noun; the rate of temperature decreases as altitude

increases

Ex. The normal lapse rate is a decrease of 2°C with each increase of 1,000 feet.
MERCURIAL: adjective form of mercury (chemical symbol Hg)
METEOROLOGY: noun; the science that studies the atmosphere and weather

Ex. You have to study meteorology before you can be a weatherman.
MILLIBAR: noun; a unit used to measure atmospheric pressure shown on a
barometer. 34 millibars = 1 inch of mercury

Ex. Barometer pressures can be reported as inches of mercury or as millibars.
OBJECT: noun; athing

Ex. What are those three objects on the desk?
PRESSURE: noun; the amount of weight on a surface, divided by the

area of the surface. Pressure is usually measured in pounds per square inch (PSI) or
kilograms per square centimeter (Kg per c?)

Ex. Check the pressure in the tire to be sure that it is not more than 32 PSI.
PROCESSES: noun; a series of changes that produce a particular result

Ex. The atmosphere must go through a number of processes before clear weather
becomes cloudy, rainy weather.

PROPERTIES :  noun; the particular characteristics of a material

Ex. Some of the properties of water are that between 0° and 100°¢, it is a liquid;
below O°c it freezes to a solid; and above 100°C it becomes a gas.

SET: verb; to adjust an instrument to a standard
Ex. Do you have the correct time? | want to set my watch.
SETTING: noun; a particular adjustment
Ex. What setting do | use on my radio to receive the weather reports?
STRATOSPHERE: noun; the layer of atmosphere that starts at approximately
7. miles and extends to 22 miles in altitude

Ex. Many modern aircraft are capable of flying so high that they fly in the
stratosphere.
Note: strato + sphere.

STRUCTURE: noun; the order of parts or the construction of a thing
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Ex. Each of the five layers that make up the structure of the atmosphere has a name.
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TROPOPAUSE: noun; the name of the border between the stratosphere and

the troposphere

Ex. Clouds do not usually rise high enough to cross the tropopause.

Note: tropo (change) + pause (stop)

TROPOSPHERE: noun; the name of the layer of the atmosphere that begins

at the surface of the earth and extends upward approximately seven
miles

Ex. Almost all of the changes we call weather occur in the troposphere.
Note: tropo (change) + sphere
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Language Exercises

NEW TERMINOLOGY: Oral Exercises

1. Select words from the list below to complete the following sentences. Some of
the words may be used more than once, and you may have to make the word
plural or change the tense. Do not try to write the words in the spaces.

> @

meteorology process average

property t roposphere tropopause

tructure stratosphere
Do you know much about the of clouds being formed from
evaporated water in the air?
In some desert areas the rainfall is less than five inches per year
Most people spend their lives in the troposphere. You would normally only enter
the if you were in a high-flying airplane.
| saw a picture showing the of the atmosphere; it showed five
different layers of air, one above the other.
Almost everyone knows some of the of water; it freezes at 0°C and

boils at 100°c.

The layer of air closest to the ground is the

| wanted to know more about weather so | bought a book on

When you go from the troposphere to the stratosphere, you cross the

It is easy to understand the of the atmosphere if you just think of a
series of transparent balls; a large one, then a smaller one inside it, then an even
smaller one inside that one, and so on.

The layer above the tropopause is called the .
The height of the troposphere is 7 miles; actually it is higher at the
equator than at the poles.

Most of what we call weather occurs in the troposphere; occasionally a storm will
enter the

. The of ice changing to water is called "melting."

The atmosphere has several that are related to altitude; both
temperature and pressure change with height.
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Select words from the list below to complete the following

sentences. Some of the words may be used more than once,
and you may have to make the word plural or change the tense.

Do not try to write the words in the spaces.

characteristic barometer convert
pressure mercurial conversion
object aneroid barometer
a. If you know the elevation, it isn't difficult to the barometer reading
to sea level pressure.
b. |guess we would say thisis a thermometer; it has mercury in it.
c. Oneof the of the atmosphere is that it is mainly composed of oxygen
and nitrogen.
d. In some countries standard sea level is called "one atmos;" it is
probably an abbreviation for one atmosphere.
e. When we want to find the length of an we measure it; when we

want to know the weight, we weigh it.
f.  f. One way to remember the difference between the two types of barometers is

that the is made from metal.

g. The of pounds to kilograms is not difficult; one kilogram equals 2.2
pounds.

h. The of the atmosphere decreases as we go higher.

i. Athermometer is used to measure any temperature, but a is only

used to measure atmospheric pressure.

j. We have to know the standard atmospheric that we can compare
the day-to-day changes.

k. The barometer uses two fluids to measure pressure, one is the
gas "air," the other is a liquid metal.

|.  The liquid "water" can be to the solid "ice" by freezing.

m. Since the measures pressure mechanically, it should

be checked about once a week with the other type. n. If your mercurial barometer
has two scales, one in millibars : and the other in inches, there is no need to make
the from one to the other; you can read it directly.
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Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or

change the tense. Do not try to write the words in the spaces.

altimeter inversion layer set
boil isothermal layer setting
determine lapse rate
a. Do you have the correct time? | want to my watch.
b. If you are at sea level, you can expect water to at 100°
c. An altimeter uses a unit like an aneroid barometer to height.
d. If you know that the standard is 2°c per thousand feet,

you know why temperatures are cooler in the mountains.

e. If the temperature begins to increase as you go higher, you are probably in an

f. Pilots use an to find out how high they are flying.
g. Since pressure changes from day to day, and from place to place, the altimeter

has to be changed to show local pressure at each

airfield.

h. I wish you would change the on that alarm clock; it wakes us up 10

minutes too early.

i. The temperature is staying the same, but the altimeter shows we have gone up

2,000 feet; that is a sure characteristic of an

j. Isothermal layers and inversion layers are easy to identify because they don't

follow the standard ; one reverses it, the other just

doesn't change.

k. One reason a pilot is told the local pressure is so he can his altimeter.
[. When water at 100°c, it is changing from a liquid to a gas.
m. There is no easy way to atmospheric pressure without a barometer.

n. If there is hot air above cool air, it will be called an




SENTENCE PRACTICE: Oral Exercises

NOTE: When we talk about the location of things, we tend to use

the same type of sentence and only change the names of the things we are

describing.
1. Use the information given to make location sentences as shown
below:
Examples:
Information: Northern Hemisphere: Equator/North Pole.
Say: "The northern hemisphere extends from the equator to the
north pole."
Information: Troposphere: Surface of the Earth/ Approximately
7 Miles Up.
Say: "The troposphere extends from the surface of the earth

to approximately 7 miles up."



Information:

a.

Northern Temperate Zone: Tropical Zone/Northern Polar Zone.

Northern Polar Zone: Northern Temperate Zone/North Pole.

Tropical Zone: 1600 Miles North of the Equator/1600 Miles South
of the Equator.

Southern Temperate Zone: Tropical Zone/Southern Polar Zone.

Southern Polar Zone: Southern Temperate Zone/ South Pole.

Northern Hemisphere: Equator/North Pole.

Southern Hemisphere: Equator/South Pole.

. Troposphere: Surface of the Earth/Approximately 7 Miles Up.

Stratosphere: Tropopause/Approximately 22 Miles Up.

Isothermal Layer: About 8,000 Feet/About 9300 Feet.
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Inversion Layer: About 4500 Feet/About 6,000 Feet.

Atmosphere: Surface of the Earth/More than 600 Miles Up.

Maritime Zone: Ocean/About 25 Miles Inward from the Ocean.

. Standard Lapse Rate Area: Sea Level/About 30 to 40 Thousand Feet.

Rainstorms: 20 Miles Northeast of Here/30 Southwest.

North African Desert: Morocco/Egypt.

34
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NOTE: Most long sentences are combinations of smaller sentences. One of the

most common kinds of long sentences occurs when "and" is used to combine
sentences so that the speaker doesn't have to repeat phrases that occur in both
sentences. Compare the sentences below.

EXAMPLES:

The troposphere's height varies from the equator to the poles. The troposphere's
height varies from season to season. (combined) The troposphere's height varies
from the equator to the poles and from season to season.

2. Use the information given to make combined sentences as shown below.

Information: The troposphere contains 75% of the atmosphere by weight.

The troposphere contains almost all of the weather.

Combined: The troposphere contains 75% of the atmosphere by

weight and almost all the weather.

Information: The tropical zone extends 1600 miles north of the equator.

The tropical zone extends 1600 miles south of the equator.

Combined: The tropical zone extends 1600 miles north and south of the equator.

Information:

a. Each part of the earth has one "day" period every 24 hours.

Each part of the earth has one "night" period every 24 hours.

b. This section is a review of basic meteorology.

This section is a review of weather terminology.

c. Thetroposphere is the layer of air that begins at the surface of the earth.

The troposphere is the layer of air that extends upward about 7 miles.

d. The stratosphere begins above the troposphere.

The stratosphere extends upward to a height of 22 miles.




e. Occasionally a strong thunderstorm will cross the tropopause.

Occasionally a strong thunderstorm will enter the stratosphere.

f.  The aneroid barometer is smaller than a mercurial barometer.

The aneroid barometer is easier to move around than a mercurial barometer.

g. The freezing point of water is 32° on the Fahrenheit scale.

The freezing point of water is 0° on the Celsius scale.

h. Inversion layers do not show the standard lapse rate.

Isothermal layers do not show the standard lapse rate.

[.  Aneroid barometers are used to measure atmospheric pressure.

Mercurial barometers are used to measure atmospheric pressure.

j. Temperature decreases with height.

Pressure decreases with height.

k. Areas in the temperate zones tend to have warm or hot summers.

Areas in the temperate zones tend to have cool or cold winters.

|.  The mercury rises in the tube when the atmospheric pressure increases.

The mercury falls in the tube when the atmospheric pressure decreases.

(use two "and's," one in each phrase)
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m. The container expands when the pressure decreases.

The container contracts when the pressure increases. (use two "and's")
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VOCABULARY EXPANSION: Oral Exercises

NOTE: Many words in English have a noun form and a verb form;
there is usually very little difference in the basic meaning

Directions:

(1) Read the sentence out loud.

(2) Say the verb form of the underlined noun.

(3) Make and say a simple, related sentence using the verb form with the
same basic meaning.

Example:
Read: The clothes dried by evaporation.
Say: ‘"evaporate"
Say:  "The water evaporated" or "The water in the clothes
evaporated" ... etc.

a. You will have to make a correction in the spelling.

b. The contraction is caused by increased pressure.

c. The rotation of the earth produces day and night.

d. Radiation from the sun reaches the earth.

D

. The location of a region is a factor in the climate.

f. The tube has graduations to show the height of the mercury.

g. There s a relation between altitude and pressure.

h. The conversion from inches to millibars is not difficult.

There is no indication that the pressure has changed.

j.  Thedivision of the atmosphere's structure into five layers is useful.
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The compression of the container causes the indicator arm to move.

When the elevation of the barometer is changed, the pressure reading will change.

You can make adjustments in the aneroid barometer so that it agrees with the

mercurial barometer.

The altimeter will show upward and downward movements of the aircraft.

The measurement of atmospheric pressure is accomplished every hour.
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UNIT 3
Weather Causes (2)
SECTION 5. CIRCULATION

1. Basic Circulation

The atmosphere tends to maintain an equal pressure over the entire earth just as the ocean
tends to maintain a constant level. Whenever the equilibrium is disturbed, air begins to flow
from areas of higher pressure to areas of lower pressure.

2. Causes of Atmospheric Circulation

a. The factor that disturbs the normal equilibrium is the uneven At the equator,heating
of the earth. the earth receives more heat than in areas to the north and south.This heat is
transferred to the Thus The atmosphere, warming the air and causing it to expand and rise.
expansion caused by the warming lowers the density of the air. an area of low pressure is
produced at the equator. The air at the poles is cold. Cooling causes air to contract cooler,
(become denser) and sink to the surface. This heavier, denser air from the north and south
moves along the earth's surface toward the equator to equalize the pressure. This air also
becomes warm and rises, thereby establishing a constant circulation. On a non-rotating earth
this circulation would consist of two circular paths, one in each hemisphere, followed by the
air rising at the equator, traveling aloft toward the poles, and returning along the earth's
surface to the equator.

Figurea

. . NORTH POLE
Circulation

as it would be : /a
on a non-rotating : . / ‘ COLD AIR \

DESCENDlNG } r

earth. Intense
heating at the
equator lowers the
density. Denser air
at the poles flows
toward the equator
forcing the less

dense air upward

SOUTH POLE

where it flows aloft

toward the poles.
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b. The form of circulation that would occur in theory (as shown in figure 1) is greatly modified
by many forces, one being the rotation of the earth. In the northern hemisphere, this rotation causes
air to In the southern hemisphere, air flow to the right of its normal path. This action caused by the
earth's flows to the left of its normal path. We will only rotation is called the Coriolis force. talk about
the movement of the air in the northern hemisphere.

C. Asthe air rises and moves northward from the equator, it is deflected toward the east, and
by the time it has traveled about a third of the distance to the pole it is no longer moving northward,
but eastward. This causes the air to accumulate in a belt and creates an area of high pressure. Some
of this air is then forced down to the th's surface, where part flows southward, returning to th
and part flows northward along the surface. The remaining portion of s air aloft continues its journey
northward. As it moves it is cooled, and finally descends near the pole, where it begins a return trip to

the equator. Before it moves very far southward it comes conflict with the warmer air, that had

descended in the fi and flowed northward on the surface. The warmer air moves up over the
air and continues northward, producing an accumulation hemisphere. the northern part of the As it

becomes cooled and denser, it flows southward.

NORTH
POLE DECENDS

N\ PART DECENDS

FLOW

NORTH
AND
EAST

The general circulation. The Coriolis force deflects high level winds from the south to the east. Low
level north Between winds from the pole are deflected to the west. these two movements is a large
mixing zone. The warm air masses slide over the cold air masses as t they migrate between the equator
and the poles.

Figure 2
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d. Additional complications in the general circulation of the air are brought about by: the

irregular distribution of oceans and continents, the difference in how different surfaces transfer heat
to the atmosphere, the daily variation in temperature, the seasonal changes, and many other factors.
The general flow of weather in the United States is from northwest to southeast.

3. Lows

Regions of low pressures develop where air lies over land or water surfaces that are warmer than the
surrounding areas. Lows form over the desert southwest of the United States during the summer
months.

4. Highs

Regions of high pressure develop where the air lies over surfaces that are cooler than the surrounding
areas, such as polar regions, and where air traveling from the equator to the poles is forced to
descend.

5. Wind Patterns

Wind flows from high pressure to low pressure. In the northern hemisphere Air wind is deflected to the
right of its path by the earth's rotation. moving outward from a "high" flows in a clockwise spiral around

the "high" center; and air moving into a "low" flows in a counterclockwise spiral around the "low"

center.
Clockwise Counter - Clockwlise Counter -
Paralle| Flow Clockwise iral Flow Clockwise
: Parallel Flow %‘:nwzrd Spiral Flow
Inward
\ / 1S08ARS
Flow of air around a high- Flow of air around a high-
and low-pressure area in and low-pressure area in
the northern hemisphere the northern hemisphere

above the surface. at the surface.

Figure 3
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6. Isobars

The pressure at each statton is marked on the weather map and lines called Isobars are drawn
to connect the points of equal pressure. Many of these lines make complete circles and
surround areas marked H (high) or L (1ow). Isobars are similar to the lines that are drawn on
regular surface maps to show elevation. However, instead of indicating the elevation of terrain
and the steepness of slopes, Isobars indicate the amount of pressure and steepness of pressure
gradients. If the gradient (slope) is steep, the isobars will be close together, s and the wind will
be strong. If the is gradual, the Isobars will be far apart, and the win light. Isobars provide useful
information about the winds aloft. Close ith, wind direction is modified by the terrain over ses,
and wind speed is reduced by friction with The At tudes two or three thousand feet above the
surface, however Is greater and the direction is usually parallel to the isobars.

GRADUAL OR
FLAT GRADIENT

STEEP
GRADIENT

Figure 4
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7. Convection Currents

a. When two bodies of air next to each other are heated unequally, the warmer air
expands and becomes lighter or less dense than the surrounding cool air. The denser air is
drawn to the ground by its greater weight and 1ifts or forces the warm air upward. The flow
parallel to the ground between the two bodies is called advection

(RISE) * 1

WARM
LIGHT
AlIR

<>

...................................

COOL SURFACE WARM SURFACE
| / I
Convection current as a result of unequal heating of the atmosphere by different surface
temperatures. Cold air sinks forcing warm air upward. The horizontal flow in a convection
current 1s usually called advection.
Figure 5

b. These convection currents cause small-size wind systems that occur within the
larger overall system of circulation. These systems may influence local weather and be small
enough to affect only one airport, or large enough to affect an area of several thousand
square miles. But they do not include the large high- and low-pressure systems called
migratory highs and lows that migrate from one area of the earth to another.

8. Jet Stream

The jet stream is a narrow, high-speed, river of wind that moves at a shigh altitude around
the-earth. It does not flow directly in a straightpath, and it may not always be a continuous
flow. It moves through the normal wind patterns aloft. Wind speeds in the jet stream range
from
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100 to 150 knots, and occasionally they may be as much as 200 to 250 knots. A well-developed
jet stream normally varies from 1,000 to 3,000 miles in length, 100 to 400 miles in width, and
from 3,000 to 7,000 feet from top to bottom.

-
-

Atlantic
Pacific Ocean’

Ocean

Jet stream flow across the United States in the winter.

Figure 6
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SECTION 6. AIR MASSES

1. General

a. The various air masses take on the temperature and moisture characteristics of the
areas in which they are formed--the coldness of the polar regions, the heat of the tropics, the
moisture of the oceans, and the dryness of continents.

b. As they move away from their source regions and pass over land and sea, air
masses are constantly being modlfied through heating or cooling from below, rising or
descending or gaining or losing moisture. In general, however, they keep their orlginal
characteristics and can be recognized and identified as they move over the surface of the
earth.

2. Movement of Air Masses

Since the general movement of the atmosphere in the United States is toward the east, the
polar and arctic air masses generally move toward the south- east, and the tropical and
equatorial air masses move toward the northeast. The speed varies according to the season
and the type of the air mass, but Cold air masses move it generally averages from 500 to 700
miles a day. a little more rapidly than warm air masses
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GLOSSARY
ADVECTION: noun; the horizontal flow of air between two bodies of air which have different
temperatures
Ex. This is a local wind caused by advection.
AFFECT: verb; to produce a change
Ex. This bad weather will affect our travel plans.
AIR MASS: noun; a large body of air that has the same temperature and humidity characteristics
Ex. A continental air mass is usually dry.
ALOFT: adjective; above the ground, in the air
Ex. The winds aloft at 5,000 feet are much stronger than they are here on the surface.
ARCTIC: noun; the ice covered area at the north pole.
Ex. It is unusual for temperatures in the Arctic to be above freezing
CIRCULATION: noun; a regular movement that follows a circular path and returns to the starting place
Ex. There is a general circulation of air from the equator to the poles and back again.
CONFLICT : noun; the condition that results when one force meets and opposes another force

Ex. In this area there is a conflict between warm air masses moving northward and cold air

masses moving southward.
CONSTANT: adjective; continually the same

Ex. The mercury in the barometer doesn't have a constant height because the pressure
changes daily.

CONVECTION: noun; the circulation of air between two air masses that have different temperatures
Ex. This air movement is caused by convection.

CORIOLIS FORCE: noun; the force produced by the rotation of the earth
Ex. The Coriolis force causes the air to flow to the right.

COUNTERCLOCKWISE: adjective; opposite of clockwise.

Ex. Air moving into a "low" flows in a counterclockwise spiral around the "low" center.

CURRENT: noun; a movement of air (or water) through a mass of air (or water)
Ex. Don't swim in this part of the river, the current is too strong.
Ex. Convection is producing a strong current of air in this area.
DEFLECT : verb; to turn to a different direction

Ex. The warm air is deflected upward when it meets the cold air on the surface.
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DENSE: ajective; close together. The property that makes some heavier than other objects
that are the same size

Ex. When airis cooled it contracts and becomes dense; this causes it to sink.

DENSITY: noun form of dense. dense + (-ity)
DESCEND: verb; to go downward
Ex. A lot of accidents happen when people are descending stairs
inahurry.
EQUALIZE: verb form of equal. equal + (-ize)
EQUATORIAL: adjective form of equator. equator + (-ial)
EQUILIBRIUM: noun; a condition of two things being equal

Ex. There is an equilibrium between the weight of the atmosphere on the mercury
outside the barometer tube and the weight of the column of mercury in the tube.

GRADIENT: noun; the rate of change of a measurement that varies by distance
Ex. The isobars are very close together here; the pressure gradient is very steep.
HIGH: noun; an air mass that is characterized by high pressures
Ex. A high is located over northern Canada.
ISOBAR: noun; a line drawn on a weather map to connect areas that have the same pressure
Ex. This isobar runs right across the middle of the state.
JET STREAM: noun; a high level, high speed current of air
Ex. The plane made the trip in less time than usual because it was able to fly in the
jet stream.
KNOT : noun; a unit of measurement for windspeed or speed. of an aircraft

through the air. 1 knot = approximately 1.15 miles per hour (mph) or 1.85 kilometers
per hour

Ex. There is a 15-knot wind blowing from the north.
LOW: noun; an air mass that is characterized by low pressures

Ex. A low is located over the state of Florida.
LIE: verb; to be on an object or surface

Ex. When an air mass lies over a hot area it takes up the heat from the surface.
MIGRATE: verb; to regularly move from one place to another place

Ex. Hot air from the equator migrates toward the poles.

MIGRATORY: adjective form of migrate. migrate + (-ory)



PRESSURE GRADIENT: noun; the gradient that measures pressure by distance

Ex. The pressure gradient is not very steep here; the isobars are very separated.

SPIRAL: noun; a continuously curved line that follows a decreasing (or increasing) size; a
movement of That form

Ex. Ex. He walked in a spiral.
TRANSFER: verb; to move from one place (or object) to another place or object.

Ex. Heat is transferred from the surface to the air mass that lies on it.

49
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Language Exercises
[. NEW TERMINOLOGY: Oral Exercises

1. Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or
change the tense. Do not try to write the words in the spaces.

constant (-ly) equalize dense (-ity) (-er)

equilibrium circulation Coriolis force

transfer equilibrium aloft deflect
a. The hot air at the equator rises and flows toward the poles.
b. Heat from the ground is to the air that lies over it.
C. The general of the earth's atmosphere is from the equator to the poles

then back again to the equator.

d. In a mercurial barometer there is an between the weight of the mercury
in the tube and the weight atmosphere.

e. When a warm air mass meets a cold air mass, the warm air is

upward over the cold air mass.

f. The warm air mass does not move directly northward to the pole, it is deflected to the east

by the
g. Cold airis than hot air, so it sinks and moves on the surface toward the
equator. When it reaches there its changes

because it is heated.

h. Even at sea level the atmospheric pressure is not a 29.92 due to the

circulation of different air masses.

i. Local pressures are converted to sea level pressures to the differences in
elevation.

j. A cubic meter.(1 m3) of cold air weighs more than a cubic meter- of hot air. The cold air
is

k. The uneven heating of the earth's surface causes a circulation of the
atmosphere.

[. If two air masses have the same characteristics there will be no flow between them, but if
the is disturbed by heating, high pressure air will flow to the low-
pressure area.

m. Since high-pressure air flows toward a low-pressure area, we say that the system tends
to pressure difference.

n. The theory of circulation of air on a rotating earth must consider the deflection caused by
the
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2. Select words from the list below to complete the following Some of the words may be
used more than once, sentences. | may have to make the word plural or change the
Do not try to write the words in the spaces.

Descend high pressure gradient
Conflict spiral gradient
Low counterclockwise
lie isobar
a. Thisis a steep road; the is a one-foot increase in elevation for every

20 feet of distance.

b. The mercury is moving downward in the barometer; there must be a
moving into this area.

c. Ifthe hands of a watch moved backward, we would say they moved in a
direction.

d. If you drew a line on the map connecting these stations that have the same
pressure, you would call the line an

D

. If you start at an altitude of 10,000 feet and . the pressure
and temperature will increase.

f. If a cold air mass moving south meets a warm air mass moving north, there is a
because they are moving in opposite directions.

g. Due to the differences in temperature, we expect to find at the
poles and at the equator.
h. The air masses that over an area tend to take the temperature

and humidity characteristics of that area.

i. At the surface, wind in a low-pressure system moves in a toward the
center of the low.

j. hen you look at a weather map, the distance between isobars indicates the
steepness of the

k. Thereis a in our readings, one barometer shows pressure
going down, the other shows it going up.

|. one method of looking for lost objects is to start outside of the area and walk
around in smaller and smaller circles; this is called a search.

m. Air masses that over oceans are called maritime air masses. over
oceans are called

n. As arule, when air is heated it rises; when it's cooled it
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Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or
change the tense. Do not try to write the words in the spaces.

Affect current arctic
Advection equatorial migrate (-ory) (-1on)
air mass jet stream

convection knot

a. The air masses that move southward from the polar region are called
air masses; they are "cold" highs.

b. Although there is a small difference, a 10- wind moves at about 10
miles an hour.

c. Air masses that have their source at the equator are called

air masses; they are "warm" lows.

d. Polar highs southward; equatorial lows _____northward.

e. When he opened the window a of air blew the papers off the desk.
f. The heating of the ground causes currents to move upward.

g. Cool air currents, known as currents, move the ground toward

the local low-pressure area by the convection currents.

h. The main point in understanding weather is to know how heating and cooling
the density of air masses.

i. The that move as part of the general circulation are known as migratory
highs and lows.

j. The upward movement of the air at the equator is an example of currents
caused by heating.

k. The high currents near the tropopause, called , are not considered to be
"air masses."”
|. A mileis used to measure distance; a is used to measure speed.

m. Arctic air masses and equatorial air masses are good examples of
air masses..

n. The of air masses causes the pressure at a station to change.




Il. SENTENCE PRACTICE: Oral Exercises

NOTE: Since long sentences are usually combinations of two or more shorter

sentences, one of the methods of understanding a very long sentence
that is difficult or confusing is to take it apart into shorter sentences.
Compare the sentences below.

Original: The heat is transferred to the atmosphere, warming the air and causing it to

expand and rise.
Parts: (1) The heatis transferred to the atmosphere.
(2)' The heat warms the air.
(3) a.The heat causes the air to expand.

b. The expanded air rises.
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Break the following long sentences into smaller sentence parts as shown in the examples.
Examples:

Original:  On a non-rotating earth this circulation would consist of two paths, one in each
hemisphere; followed by the air rising at the equator, traveling aloft toward the

poles, and returning along the earth's surface to the equator;
Say: (1) "On a non-rotating earth circulation would consist of two paths."
(2) "There is one path in each hemisphere."
(3) ""The path is followed by the air that rises at the equator."
(4) "The air travels aloft toward the pol
(5) "The air returns along the surface to the equator."

Original: As the air rises and moves northward from the equator, it is deflected to the east;
and by the time it Has traveled about a third of the distance to the pole, it is no
longer moving northward, but eastward.

Say: (1) the air rises and moves northward from the equator
(2) "As it moves, it is deflected to the east."

(3) "After it has traveled a third of the distance to the pole, it's not going northward
anymore."

(4) ”After it has traveled a third of the distance the pole, its going eastward."
Original Sentences:

a. Some of the air is then forced down to the earth's where part flows southward
returning to the equator, and part flows northward along the surface.

b. As it moves northward it is cooled and finally descends near the pole, where it begins
a return trip to the equator.
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c. The warmer air moves up over the cold and continues northward, ng an accumulation
of air in the northern part hemisphere.

d. Regions of high pressure develop where the air lies over surfaces that are cooler than

surrounding areas, such as polar regions; and where air traveling from the equator to
the poles is forced to descend.

e. Air moving outward from a "high" flows in a clockwise spiral around the 'high" center;
air moving into a "low" flows in center.

f.  These systems may influence local weather and be small enough to affect only one
airport, or large enough to affect an area of several thousand miles.

g. They do not include large high-: and low-pressure systems called migratory highs and
lows that migrate from one area of the earth another.
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h. A well-developed jet stream normally varies from 1,000 to 3,000 miles in length, 100
to 400 miles in width, and from 3,000 to 7,000 feet from top to bottom.

i. Asair masses move away from their source regions and pass land and sea, they are
constantly being modified heating or cooling from below, rising or descending, or
gaining or losing moisture.
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. VOCABULARY EXPANSION:  Oral Exercises

The ending "-ward" is added to many words to give the meaning of "in the
direction." Ex. upward, downword, northward, etc. Use words ending in "-
ward" to complete the following sentences as shown in the examples.

EXAMPLES:

Sentence: If you want to see the sun rise, look

Say: "If you want to see the sun rise, look eastward."
Sentence: Hot air moves

Say: . "Hot air moves upward."

SENTENCES:
a. Ifyou travel long enough, you will reach the north pole.
b. |heard a plane, but when I looked it was so high | couldn't see it.
c. Theair around a high spirals away from the center.

d. When the air is cooled, it sinks

e. If you want to see the sun go down, look

f. Your chair is too far back from the desk, move it

g. If you travel from the north pole to the equator, you are moving

h. The air around a low spirals to the center.

i. Airplanes only fly forward, they can't fly

j. If your right hand is to the east, and your left hand to the west, you are facing

k. Put the key in the door and turn it the right.

i. 'lIf the hands on your watch move counterclockwise, your watch is running

m. The heated air at the equator rises and moves aloft

and toward the poles.

n. In the northern hemisphere the Coriolis force causes the air moving to the pole to
flow

o. If you don't want to see where you are going, you can close your eyes, or you can
walk
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UNIT 4
Weather Causes (3)
SECTION 7. CLOUDS

1. General

Cloud types are classified by their method of formation, their com-position, and the
altitude at which they are found.

2. Cloud Types

a. Cumuliform (Cu). Cumuliform clouds are formed by vertical currents in unstable
air. They are called cumulus and are characterized by their rounded tops which are
pulled upward by the rising air currents. In some types, extensive vertical
developments, called towers, extend upward thousands of feet. The name
"cumulus" means accumulation.

Fair weather cumulus (Cu). cumulus clouds form in convective currents and are
characterized by relatively flat bases and rounded tops. Fair weather cumulus do not show
extensive vertical development, and do not produce precipitation. A cumulus may be the first
step in the development of cumulus-type storm clouds or cumulus-type rain clouds.

Figure 1
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b.  Stratiform (St). Stratiform clouds are formed when an entire layer of stable air is
lifted. They are characterized by their stratified or layered appearance, and are called

stratus clouds.

Stratus (St). Stratus is a low, regular, sheet-like cloud.
It usually has a relatively low base.

Figure 2

c. Cirroform (Ci). Cirroform clouds are formed from moisture that has been lifted so
high that it becomes ice particles.. They are often nearly transparent so t that large
amounts of sky can be seen through and around them.
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Cirroform. High clouds formed from ice particles. Usually
they do not cover the sky; areas of sky can be seen through
and around them.

Figure 3



60

Cloud Type Subclassifications
Nimbo-Nimbus. The prefix "nimbo-," " or suffix "-nimbus," means rain cloud. Stratus

a.
clouds from which rain is falling are nimbostratus (Ns), cumulus clouds from
whichrain is falling are cumulonimbus (Cb).

b. Fractus. Clouds that are broken into small pleces are often identified by the suffix
"-fractus;" for example, cumulofractus.
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Cunulonimbus (Cb). This "thunderstorm'" cloud type contains
many hazards to flying airecraft: ice, hail, rain, strong air
currents, and lightning.
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Nimbostratus (Ns). Heavy cloud layers that produce nearly
éontinuous rain, snow, or sleet.

Figure 5



61

4. Cloud Families
a. Low Clouds. Stratus (St) and stratocumulus (Sc) clouds are in the low cloud group.

The bases of these clouds range from near the surface to about 6,500 feet. Low clouds are
almost entirely water but the water may be cooled to below freezing temperatures.

They can contain snow and ice particles.
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Stratocumulus (Sc) have lines of rounded bases instead of the
even base of a stratus cloud. This cloud often forms when a
stratus cloud or cumulus cloud separates into smaller clouds.

Figure 6

b. Middle Clouds. Middle clouds are the altostratus (As), altocumulus (Ac), altocumulus
castellanus (Accas), and some nimbostratus (Ns) clouds. The height of the bases of these
clouds ranges from about 6,500 t0.23,000 feet. The clouds are primarily water but they can
contain ice particles.
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Altocumulus (Ac) form ds long bands. The individual clouds
are larger than similar-appearing cirroform clouds.

Figure 7
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Altocumulus castellanus (Accas) are middle-height convective
clouds. They are chdracterized by lifted tops and

comparatively high bases.

Figure 8

Standing lenticular altocumulus (Acsl) are formed where the

wind flows over an obstacle such as a line of hills or
mountains. The clouds are called "standing" because they

ténd to stay in one location. Similar clouds called standing
lenticular cirrocunulus (Cesl) may also form at higher altitudes.
Since the standing lenticular cirrocumulus are formed from ice
particles they are usually whiter than the standing lenticular

altocunulus.

Figure 9
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Altostratus (As) is a middle-layer cloud that often is nearly
transparent so that the shape of the sun can be seen through
it. It sometimes forms so high that i1t extends to the higher
layer, similar-appearing, cirroform clouds.

Figure 10

c. High Clouds. High clouds are cirroform and include the cirrus (Ci),
cirrocumulus (Cc), and cirrostratus (Cs) clouds. The height of the bases
of these clouds ranges from about 16,500 to 45,000 feet. Cirroform clouds
are composed primarily of ice particles.

Cirrus (Ci) clouds are very high, light clouds composed
entirely of ice. The edges often appear as if they have
been pulled to long lines by wind.

Figure 11
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Cirrostratus (Cs) are high, often transparent, cloud layers
that appear Llike q whitish sheet. They often appear as a
etrcular line around the sun.

Figure 12
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Cirkocumulus (Ce) are high ice-particle clouds that often
appear as a layer of small individually separated clouds.

Figure 13 ©



d. Clouds With Extensive Vertical Development. The vertically developed clouds are

called cumulus and cumulonimbus. The height of their anges from as low as 1,500 feet to

slightly more than 10,000 Tops in a fully developed cumulonimbus cloud may be higher

than 50,000 feet. clouds with extensive vertical development are definite indications of

unstable air. The towering cumulus cloud is a common example of a vertically developed

cloud.
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Towering cumulus (Teu) indicate a deep layer of unstable, air.
Their bases are flat and usually are not as white as the base
of a fair weather cumulus. Towering cumulus show extensive

- vertical development and have high, large rounded tops.
often produce rain showers that do not contimue very long.

Figure 14
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Cumulonimbus mamma (Cbmam) clouds result from strong up and
down currents, and are often associated with severe,
turbulent weather. They are characterized by black, rounded
bases which are caused by dowmward air currents.

Figure 15

Cunulonimbus (Cb) "thunderstorm" cloud. The large, flat top

or gnwil is largely composed of ice particles. The Cb or

thunderstorm contains most types of flying hazards; turbulent
° winds, ice, hail, ete.

Figure 16
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ABBREVIATION

BASES OF HIGH
CLOUDS USUALLY
ABOVE 20,000
FEET

—20,000 FEET

CIRRUS
CIRROCUMULUS

CIRROSTRATUS

Ci
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ALTOCUMULUS

ALTOSTRATUS

BASES OF LOW
CLOUDS RANGE
FROM SURFACE
TO 6,500 FEET

— SURFACE

*CumMuLUsS

*CUMULONIMBUS

NIMBOSTRATUS

STRATOCUMULUS

STRATUS

Sc

St

*CUMULUS AND 'CUMULONIMBUS ARE CLOUDS WITH
VERTICAL DEVELOPMENT. THEIR BASE IS USUALLY

EXCEED 60,000 FEET. »

Figure 17

 BELOW 6,500 FEET BUT MAY BE SLIGHTLY HIGHER.
THE TOPS OF THE CUMULONIMBUS SOM

ETIMES °
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GLOSSARY
ALTOCUMULUS (Ac): noun; a middle height, cumulus-type cloud
Note: alto + cumulus
ALTOCUMULUS CASTELLANUS (Accs): noun; a middle height, cumulus-type
cloud that shows some vertical development
Note: alto + cumulus + castellanus
ALTOSTRATUS (As) ; noun; a middle height, stratus-type cloud
Note: alto + stratus
ANVIL: noun; the large flat top that develops on some cumulonimbus clouds
Ex. Pilots should avoid flying near or through the anvil of a thunderstorm cloud.
CIRROCUMULUS (Cc): noun; a high altitude, cirroform, cumulus-type cloud
Note: cirro- + cumulus
CIRROFORM: noun; high altitude clouds formed from ice particles
Ex. There are three basic cloud types; cumuliform, stratiform, and cirroform.
Note: cirro + form
CIRROSTRATUS (Cs): + noun; a high-altitude, cirroform, stratus-type cloud

CIRRUS (Ci): noun; a high-altitude, often transparent, cloud layer or group of separated
clouds

CUMULIFORM: noun; a cloud type characterized by flat bases and lifted rounded tops
Ex. There are three basic cloud types; cumuliform, stratiform, and cirroform.
CUMULOFRACTUS : noun; cumulus clouds that have developed as (or been separated into)
small separate clouds
Note: cumulo + fractus
CUMULONIMBUS (Cb): noun; a cumulus-type cloud with possible precipita - tion
Note: cumulo + nimbus
CUMULONIMBUS MAMMA (Cbmam): noun; a large turbulent, cumulus-type storm
cloud characterized by rounded extensions of the base
Note: cumulo + nimbus + mamma

CUMULUS (Cu): noun: a cloud characterized by a flat base and lifted, rounded top

68
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-FRACTUS: suffix; adds the meaning of broken or separated into pieces
Ex. cumulofractus

NIMBO- (N-): prefix; adds the meaning of precipitation possibility (rain, snow, etc.)
Ex. nimbostratus (Ns)

-NIMBUS (-b): suffix; adds the meaning of precipitation possibility(rain,snow, etc.)
Ex. cumulonimbus (Cb)

NIMBOSTRATUS (Ns): noun; a stratus-type cloud with possible precipitation
Note: nimbo + stratus

STANDING LENTICULAR ALTOCUMULUS (Acs1): noun: a middle height-type cloud that forms
and remains near an obstacle to the wind

Note: standing + lenticular + alto + cumulus

STANDING LENTICULAR CIRROCUMULUS (Ccs1): noun; a high altitude cumulus-type cloud
that forms and remains near an obstacle to the wind

Note: Standing + lenticular t cirro t cumulus
STRATIFIED: adjective; formed in layers
Ex. Look at this piece of rock; you can see from the layers that it is stratified.
Note: strata (layer) + fied (made)
STRATIFORM: noun; a cloud type characterized by its flat, sheet-like appearance
Ex. There are three basic cloud types; cumuliform, stratiform, and cirroform.
STRATUS (St): noun; a low, flat, sheet-like cloud
STRATOCUMULUS (Sc): noun; a low cloud layer that is formed into long separated,
rounded bands
Note: strato + cumulus
TOWER: noun; the extended top of a cumulus-type cloud.
Ex. Upward currents will cause cumulus clouds to form towers.
TOWERING. CUMULUS (Tcu): noun; a cumulus cloud with extensive vertical development

Note: tower t ing+ cumulus
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Language Exercises

NEW TERMINOLOGY: Oral Exercises

1. Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or
change the tense. Do not try to write the words in the spaces.

Cumuliform stratified nimbostratus
Cumulus stratus cumulonimbus
Tower cirroform -fractus
Stratiform nimbo-/-nimbus cumulofractus

a. When a stratus cloud is producing rain, the prefix .is
added to its name; and itis called a cloud.

b. Of the three basic cloud types, clouds form at the highest
altitude.

C. The tops of cumulus clouds can be pulled upward into by

rising air currents

d. Of the three cloud types, clouds are produced by vertical
currents in unstable air.

e. When a cumulus cloud is producing rain the suffix is
added to its name and it is called a cloud.

f. The main difference between cumulus and stratus clouds is that

clouds form in unstable air, and clouds form in stable air
that has been lifted.

g. Of the three cloud types, clouds form as a flat ayer, or in
flat layers.

h. Wher things are formed in layers, they are described as being

i. Clouds that are broken up and separated into small pieces are identified by

the suffix ; small separated pieces of cumuliform clouds are
called
j. When it is raining we can expect to have either Or
clouds.
k. The type of cloud is made up of ice particles.

i. The three basic cloud types are identified by the suffix " form;" they are
, , and
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2. Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or
change the tense. Do not try to write the words in the spaces.

Stratocumulus altocumulus castellanus
altostratus standing lenticular altocumulus
altocumulus standing lenticular altocumulus
cumulus stratus

cirrocumulus cirrostratus

a. Cumuliform and stratiform clouds can exist at all three alti- tude divisions.

When they are low they are called just and

b. When cumuliform and stratiform clouds occur at the middle altitudes,

they are called and

c. High-altitude cumuliform and stratiform clouds are called and

d. When low stratus or cumulus clouds break up and begin to separate into lines of
clouds with rounded bases, they are often identified as ;
the name is a combination of both names because they could be formed from
either or clouds.

e. Middle altitude cumulus clouds that form into lines with small towers are
identified as

f. Standing clouds can form at middle altitudes and high altitudes over areas where
wind flows over a line of hills or mountains. The middle altitude standing clouds
are identified as ,and the high ones are identified as

g. Stratiform clouds can occur at low, middle, and high altitudes. They are called
) ,and

h. Cumuliform clouds also occur at all three altitudes, called (low) (middle)

,and (high)
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3. Select words from the list below to complete the following sentences. Some words
may be used more than once, and you may have to make the word plural or change
the tense. Do not try to write the words in the spaces.

cirrus cirrostratus
towering cumulus cirrocumulus
cumulonimbus mamma cirroform
anvil
a. High altitude clouds are classified as ; the actual

cloud could be , , or

b. High altitude clouds with cumulus characteristics are called

c . High altitude clouds with stratus characteristics are called

d. Cumulus clouds with extensive vertical development are called

e. Towering cumulus clouds often form flat large tops called

f. Cumulus rain clouds with dark rounded bases are called
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[I.  SENTENCE PRACTICE: Oral Exercises

NOTE: Very often when you are reading technical material you will see that certain
words become associated with each other. The same words will be the second
noun and verb in one sentence, the verb and first noun in another sentence, and
then will appear as an adjective plus in a third sentence. Compare the following
sentences .

The air currents lift the tops of the clouds
The tops of the clouds are lifted.
The lifted tops form towers.
Use the information given'to make two sentences as shown in the examples.
Complete the last part of the last sentence with your own words.
EXAMPLES:
Information: The ground heats the
Say: "The air is heated."
Say: "The heated air ..... " (i.e., rises and expands)

Information: The manufacturer partially empties the container.

"Say: "The container is partially emptied."

Say: "The partially emptied container ...." (i.e., expands and contracts)




Information:

a. The uneven heating disturbs the air .

b. The Coriolis force modifies the path followed by the air.

c. Convection currents break the clouds into pieces.

d. The heat at the equator expands the air.

e. The movable arm indicates the pressure on a scale.

f. The cold air mass deflects the hot air upward.

g. The sun radiates heat and light to the earth.

h. The weatherman converts the pressure to millibars.

i. Cooling decreases the density of the air.

j. The pilot adjusts the altimeter to show sea-level pressure.
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k.' The ground transfers heat to the air.

i. The weatherman connects the points of equal pressure with lines.

m. The dry air evaporates water.

n. Evaporation increases the humidity of the air.
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. VOCABULARY EXPANSION: Oral Exercises
NOTE : Many words in English have a noun form and a verb form; there

is usually very little difference in the meaning. Often the verb is changed to the
noun by the addition of "-tion."

Directions:
(1) Read the sentence to yourself.
(2) Make and say a simple sentence using the underlined verb as a noun with

the same general meaning. (Add "-tion.")

a. The Coriolis force acts on the air moving poleward.

b. There is a system to abbreviate the cloud names.

c. Water evaporates much faster on a hot, dry day.

d. The indicator rotates to show the wind direction.

e. Weather stations communicate their readings to a central station.
f. A change in pressure often indicates a change in weather.

g. They correct all errors with a red pencil.

h. Air masses migrate from area to area.

i. The mountains north of here deflect a lot of the wind to the east.

j. They locate weather stations throughout an area.
k. After a few years, the station accumulates a lot of records about the weather in that area.
i. The air circulates from the equator to the poles and back again.

m. Cumulus clouds form in unstable air.

n. The moisture in the air condenses and precipitates.
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UNIT 5
Weather Causes (4)
SECTION 8. FRONTS
1. General
a. When two different air masses meet, they normally do not mix (unless their
temperatures, pressures, and relative humidities are very similar). Instead, a boundary is

created called a frontal zone, or "front." When warm air moves forward, the colder air mass

projects under the warmer air mass in the form of a wedge. If the boundary is not moving,

the condition is called a "'stationary front."

b.Usually, the boundary moves along the earth's surface. one air mass moves back from a
given area, it is replaced by the other air mass moving forward. This action creates a moving
front. If warmer air is replacing the colder air, the front is called warm, or a warm front If
colder air is replacing the warmer air, the front is called cold, or cold front. Since fronts
normally lie between two areas of differing pressures, wind shifts occur in both types, but the
degree of difference is usually greater in a cold front.

2. Warm Fronts

a. When a warm front moves forward, the warm air slides over the wedge of colder air
ahead of it.See the cross section below.

Cross section of a warm front. The slope of a warm front
generally is more gradual than the slope of the cold front.
Movement of the warm front (shown by the large white arrow)
18- slower than the wind in the warm air (shown by the black
artows). The warm air gradually eats away the cold air as
it-moves across the slope of cold air.

Figure 1
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b.  Warm air usually has higher humidity. As the warm air is lifted, its temperature is
lowered. As the lifting process continues, the moisture in the air condenses. Low

nimbostratus and stratus clouds form, and Any drizzle and rain develop. The rain falls

through the colder air below, increasing its moisture content so that it also becomes
saturated. Any reduction of temperature in the colder air may result in extensive fog. The
temperature of the cold air may be reduced when the ground cools after the sun goes down,
or it may be reduced by the colder air moving up and rising over sloping terrain such as hills
or mountains. As stable warm air moves up the slope of the front and the temperature of
the warm air continues to fall, clouds appear at increasingly higher levels in the form of

altostratus (middle height) and cirrostratus (high altitude) clouds.

WARM
S —
AR 2

COLD AIR

\\aﬁ'\\\\\\\\\{\s\\\\\ \\\\\\\\\\

A warm front -containing warm, moist, stable air moving up
over a cold air mass.

Figure 2
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c. If the warm front air moving over the colder air mass is unstable, cumulus clouds (Cu),

cumulonimbus clouds (Cb), and altocumulus clouds (Ac) will form and frequently produce

thunderstorms and showers.

ce ce

Tcu SR L, e
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A warm front with warm, moist unstable air moving up over a
cold air mass. Lifting along the slope of the cold air mass
18 more gradual than the type that occurs when a cold front
advances, because the wedge of cold air is'flatter. Showers
and thunderstorms caused by the instability are spread above
the. frontal surface. Convective storms may occur in the

layer of stratiform clouds. Stratus fractus clouds form in

the preczpztatwn area, as water 1s evaporated from the warm
raindrops and is condensed in the cold air.

Figure 3

d. Asa Iaét steb of warm front air movement, the warm air is. Forced up near the
stratosphere. In the freezing temperatures at that height, the condensed moisture appears
as cirrus clouds (Ci). The up-slope movement of the warm front air over the wedge of cold air
is very gradual. It rises approximately 1,000 feet every 20 miles. Cirrus clouds may form at an
altitude of approximately 25,000 feet and 500 miles in advance of the point on the surface

that marks the position of the front.
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3. Cold Fronts

a. When a cold front moves forward, it slides under the warmer air and forces it aloft.
This causes sudden cooling of the warm air and forms clouds. the type of clouds formed
depends on the stability warm air.

H o 1

Kkl il

Lt

Il

Cross section of a cold front. The frontal slope is steep
near the forward edge as cold air replaces the warm air.

The large white arrow shows the movement of the front. Warm
air may descend over the front as indicated by the broken-line
arrows, but more commonly, the cold air forces warm air upward
over the frontal surface as shown by the solid-line arrows.

Figure 4
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b. Infast-moving cold fronts, friction at the ground slows front so that a steeper frontal
surface is created. ntal surface causes a narrow band of weather to be located forward edge
of the front. If the warm air is stable, an overcast sky may occur for some distance behind the
frontal passage, accompanied by general rain.

Ci

WARM MOIST
STABLE AR

A cold front running under warm moist stable air. Stable
stratified clouds form above the front much as they do above
a warm front, except that the slope is steeper and the clouds
do not cover as large an area. The cold air is stable except
where surface heating has created a convective layer. Clouds
that form in the cold air are stratocumulus.- If you compare
this illustration to the warm front shown in figure 3, you
will see that cloudiness associated with the warm front
appears before surface passage of the front; large area
cloudiness with the cold front occurs after surface frontal
passage.

i) Figure )
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C. If the warm air is unstable, scattered thunderstorms and showers may form in it. In
some cases an almost continuous line of thunderstorms may form along the front or ahead of
it. These lines of thunderstorms,”’squall lines," contain some of the most turbulent weather
that is experienced by pilots.

W ——r

WARM MOIST
UNSTABLE AR

||||'.w\\.['

dﬁl““ il

A cold front with slightly unstable air underrunning warm,
motst, unstable air. Rapid lifting of the warm air at the
surface frontal area produces a line of thunderstorms in
advance of the front. Fair weather cumulus clouds develop
in the slightly unstable cold air. Cumulus clouds may also .
develop ahead of the front in the warm air due to surface
heating. ‘

Figure 6

d. Behind the fast-moving cold front there is usually rapid clearing of the clouds, gusty and
turbulent winds at the surface, and colder temperatures. The slope of the cold front is much
steeper than that of a warm front and the progress is generally more rapid. Usually it moves
at a rate of 20 to 35 miles per hour, although, occasionally, cold fronts have been known to
move as fast as 60 miles an hour. Weather activity produced by a cold front usually takes
place right at the front instead of in advance of the front, and the winds and storms are
stronger. In late afternoons in the warm season, a squall line will frequently develop as much
as 50 to 200 miles in advance of the actual cold front. Warm front dangers usually consist of
low ceilings and low visilbilities ; cold-front dangers are mainly sudden storms, strong, gusty,
surface winds and turbulence.
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e. Cold fronts move into an area rapidly and make a complete change in the weather
within the period of a few hours, and then move on to another area. The squall line that is
formed is generally very narrow--50 to 100 miles in width--but it is likely to extend for
hundreds of miles in length. Altostratus clouds sometimes form slightly ahead of the front,
but they are seldom more than a hundred miles in advance. After the front drier air, and is
passed, the weather clears rapidly, there is usually unlimited ceilings and visibility.

4.  Occluded Front

a. An occluded front occurs when a cold front overtakes a slower moving warm front
and forces it aloft so that the warm air is no longer in contact with the ground. This is a
condition in which a warm air mass is caught between two colder air masses. It is forced aloft
to higher and higher altitudes until it finally spreads out and loses its identity as a particular
air mass.

b. Meteorologists subdivide occlusions into two types: cold front occlusions, depending
on the relative tem-perature of the air mass that is advancing.

Bt O B e o i, sy L

Cross section of a warm. front Cross section of a cold
oéclusion. * Air in the. . . . front occlusion. Air in
advancing cold front is not as the advancing cold front
cold as the air ahead of the --.  is colder than the air
warm front. When the cold . ahead of the warm front.
front overtakes the warm front, ‘When it advances it forces
the cool air slides up over the warm aloft. In.this
the cold air. In this warm cold front occlusion, cold
front ocelusion, cool air air advances and replaces
(which is relatively warmer) the (relatively warmer)
advances and replaces the cool air at the surface.
C?"Z{J air at the surface.

¥

Figure 7
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C. The weather in any occlusion is a combination of warm front and cold front conditions.
As the occlusion approaches, the usual warm front type conditions occur: Ceilings become
lower, visibility is reduced, and precipitation falls. Generally, the warm front weather is
followed almost immediately by cold front type weather: rainstorms, turbulence, and
thunderstorms, followed by rapidly clearing weather.

> wanw MoisT am /"‘/// /

A cold front occlusion. Note that cold air replaces cool air
at the surface forcing the warm.air aloft. Cold air is nearly
stable; cool air, stable; and warm air, unstable. . -

Figure 8
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A warm front occlusion. Here cool air is runmng over cold
air, forcv,nq the cold front aloft. ‘The cool air is stable,
the. cold air is stable, and the warm air is unstable Clouds
produced by convective currents develop along the cold front
aloft. *Stratified clouds with possible thunderstorms develop
above the warm front. Stratocumulus clouds form in the stable
cool air, and stratus fractus clouds (Stfr) form in the cold
atr due to the warm rain falling through the cold air.

Figure 9
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5. Stationary Front

As indicated by its name, the stationary front does not move. The slope of a stationary
front generally is gradual, although it may be steep if the difference in the density of the air
behind the front and in advance of the front is small. It also may be steep depending on the
flow of wind in the two air masses at the front.

WARM
COLD

Cross section of a stationary front. The front has little or
no movement and winds are nearly parallel to the front both
in warm and cold air. The steepness of the slope of the front
may vary considerably depending on the density of the two air
masses and the winds in the air masses.

Figure 10
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GLOSSARY
BOUNDARY : noun; the dividing line or border between two objects
Ex.  The boundary between those two air masses is called the front.
CEILING: noun; the height above the ground of the layer of clouds, or overcast, that covers half or

more than half of the sky There is a low layer of stratus clouds today, the ceiling is only
3,000 feet.

COLD FRONT: noun; the name of the frontal zone that occurs when a cold air mass advances and
replaces a warm air mass
Ex. You better wear a coat tomorrow, there is a cold front passing through here tonight.
CROSS SECTION: noun; a picture drawn to show how an object would look if it were cut in half from
top to bottom
Ex. They made a cross-section drawing of the engine so you can see inside.
DRIZZLE: noun; a type of light rain that consists of very small drops
Ex. I don't think I'll need a raincoat, | don't have to go very far and it's only drizzling.
FRONT : noun; the boundary zone of an advancing air mass
Ex. You can expect the wind to change direction when the front passes;
FRONTAL: adjective form of front
GUSTY: adjective; wind that changes speed frequently and irregularly
Ex. The winds have been gusty all day.
METEOROLOGIST: noun; a person who prepares weather reports and predictions
Ex. My brother is an Air Force meteorologist.
OCCLUDED FRONT: noun; a warm front that has been lifted aloft by a more rapidly moving cold front
Ex. That warm front that passed through here yesterday is an occluded. Front now.
OVERTAKE: verb; to come up from behind and pass a slower moving object going in the same
direction
Ex. Since cold fronts usually move faster than warm fronts, frequently cold front will
Overtake warm front that is moving in the same direction.
PASSAGE : noun form of to pass
Ex. The weather will usually change with the passage of a cold front.
SATURATED: adjective; full of water (very high humidity)

Ex. | think the air is almost saturated; it takes the wet clothes a long time to dry, and water on
the floor evaporates very slowly.
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SCATTERED: adjective; separated into small pleces and distributed over a large area
Ex. There are a few fair weather cumulus clouds scattered across the sky.
SHIFT : noun; a rapid change from one, position or direction to another position or direction
Ex. You can expect a wind shift when the front passes.
SHOWER: noun; a rainfall that only lasts a short time
Ex. If we wait a couple of minutes, the shower will probably be over.
SQUALL LINE: noun; a line of storms that develops parallel to and in advance of a cold front
Ex. We can expect to see a squall line come through here before the front arrives.
STATIONARY FRONT : noun; a non-moving frontal zone
Ex. The weather is going to stay pretty much the same as long as this is a stationary front.
WARM FRONT: noun; the name of a frontal zone that occurs when a warm air mass advances and
replaces a cold air mass
Ex. We will have a couple of rainy days as the warm front passes.

WEDGE: noun; any object that has the appearance of a long narrow triangle

Ex.
(wedge shape)




Language Exercises
NEW TERMINOLOGY: Oral Exercises

1. Select words from the list below to complete the following sentences. Some of the words
may be used more than once, and you may have to make the word plural or change the
tense. Do not try to write the words in the spaces.

Frontal stationary front shift
Boundary warm front cross section
Front cold front drizzle
wedge
a. A of cold air extends under the warm. front.
b. Afrontis really the between two air masses that have

different characteristics.

c. The wind was blowing from the north but it just to the east.

d. If the adjective for center is central, the adjective for

is

e. The zone where one air mass is in contact with a different air mass is called a

Zzone.

f. A occurs when warm air is replaced by cold air.

g. This precipitation isn't heavy enough to be called a rai is more like a
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h. Itis more useful to show fronts with a picture.

i. When warm air replaces cold air, we say that a has come in.
j. A occurs when neither air mass moves forward.

k. You can expect a wind when you cross a

zone, or when a front moves through the area.

[. Ina picture of a warm front, the cold air has a characteristic

shape.

m. Warm fronts often produce fog, rain, and over large areas.

n. In general, a fast-moving front is usually a

0.The zone of a stays in one area for a number

of days.
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2. Select words from the list below to complete the following sentences. Some of the words may be
used more than once, and you may have to make the word plural or change the tense. Do not try to
write the words in the spaces.

ceiling overtake shower
gusty passage squall line
meteorologist saturated

occluded front scattered

a. bi Fog and stratus clouds often form when the air contains so much moisture that it is

b. The clouds were almost continuous this morning, but a strong wind broke them up and
them.

C. The two cold air masses 1lifted the warm air off the surface and caused an

d. We often have rain in this season, but they don't usually last more than half an hour.

e. He studied two years to become a

f. You can tell from how the trees are moving that the wind is today; they will

be standing quiet, then they will move and bend.

g. He just left a minute ago. If you hurry, you can .him before

he reaches the messhall.

h. Often the of a cold front will produce strong winds and rain.

i. A warm front often produces a layer of low stratus clouds; this low prevents

pilots from seeing the ground when they are descending for a landing.

j- The group of storms called the came through here this morning, but the

actual cold front isn't expected until tonight.

k. The weather usually clears quickly after the of a cold front.

. If this cold front the warm front that went through here yesterday, it

will force it aloft.

m. If it rains behind a cold front, it usually occurs as showers because

the clouds are broker up.

n. The humidity is very high today; the air must be almost
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[I.  SENTENCE PRACTICE: Oral Exercises
NOTE : Sentences about technical information are often composed of two parts: One
part makes a statement; the other part describes a condition that is necessary in

order for the statement to be true.

The front is called warm, or a warm front

(statement) If warm air is replacing cold air (condition)

Sentences of this type may occur with the statement
first followed by the condition, or with the condition first

followed by the statement. Compare the following:

(1) The front is called warm, or a warm front, if warm air is replacing cold air.
(2) If warm air is replacing cold air, the front is called warm, or a warm front.

Statement-condition sentences may use "1f," "when," "as," "since,

whenever," etc.
Direct ions
(1) Look at the phrases given and identify which statement and which is the condition.
(2) Combine the phrases so that the statement is first and say the sentence.
(3) Combine the phrases so that the condition is first and say the sentence.
Example:
Whenever the equilibrium is disturbed (condition) Air begins to flow from areas of higher
pressure to areas of lower pressure (statement)
Say: "'Air begins to flow from areas of higher pressure to areas of lower pressure whenever
the equilibrium is disturbed."
Say: "Whenever the equilibrium is disturbed, air begins to flow from areas of higher pressure

to areas of lower pressure.”
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a. (1) Each part of the earth has one day period and one night period every 24 hours

(2) Since the earth completes one rotation every 24 hours

b. (1) According to where the earth is in its revolution around the sun

(2) One hemisphere will be closer to the sun than the other

C. (1) Asthe weight of the atmosphere changes

(2) The height of the column of mercury in the tube changes

d. (1) The aneroid barometer must be checked by comparing it with a mercurial barometer

(2) When it is used for official measurement

e. (1) As millibars are the units of atmospheric pressure used on weather maps

(2) The sea level barometric pressure reading is converted to millibars

f. (1) The altimeter will read the airport's elevation
(2) When an aircraft's altimeter has been set to the local pressure

Note: Use "it" in the second phrase of your sentence.
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g. (1) Temperature decreases with increasing altitude

(2) In the lower 30 or 40 thousand feet of the atmosphere

h. (1) Inthe northern hemisphere

(2) This rotation causes air to flow to the right of its normal path

i. (1) The air is deflected to the east
(2) the air rises and moves northward from the equ

Note: Use "it" in the second phrase of the sentence.

j. (1) At altitudes two to three thousand feet above the surface

(2) The wind speed is greater and the direction is usually parallel to the isobars

k. (1) The warmer air expands and becomes lighter than the surrounding cool air

(2) When two bodies of air next to each other are heated unequally

[. (1) The polar and arctic air masses generally move toward the southeast, and tropical air
masses move toward the northeast

(2) Since the general movement of the atmosphere in the United States is toward the east.




m. (1) Unless their temperatures, pressures, and relative humidities are very similar

(2) Two different air masses normally do not mix when they meet

1. VOCABULARYEXPANSION: Oral Exercises
Select the word from the three given to complete the sentences.

1. condense condensation condensed

a. Sometimes moisture in the air
drops of water.

b. Fog and clouds are a result of the

the air.
c. The moisture forms larger and larger drops
d. Evaporation and are two processes that relate to

moisture in the air.

2. saturate saturation saturated

a. The air is , it can't take up any more moisture.

b. Often, when precipitation falls through a lower layer of air,

on a cool surface and forms

of moisture in

of the lower layer occurs.

c. Come in out of the rain, your clothes must be

d. First the rain the ground, then the water starts to

collect on the surface.
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3. extend extension extended

a. We won't be able to finish the test in one hour so | will the

class period by fifteen minutes.
b. The course is normally done in three weeks; but we have a one week

this time because of the holidays.

c. The wire is as far as it will go; but it is stil1 too short.
d. The warm air of a warm front wedge of cold air.
4. reduce reduction reduced
a. If we take a bus rather than a train, we can the cost of
the trip.

b. The higher you go in the troposphere, the more the temperature

is

c. Thereis no in temperature in an inversion area.

d. when a low pressure system is in the area, the

pressure allows the container in the aneroid barometer to expand and move the

indicator arm.

5. combine combination combined

a. Normally air from two different air masses won't

unless the characteristics are very similar.

b. An occluded front will produce a of warm-front and

cold-front conditions.

c. Driving is very dangerous when high speed is with
wet roads.
d. The of low cellings and continuous rain is a characteristic of a

warm front.



6. modify modification

a. All air masses are

regions they pass over

b. Heating at the equator causes a
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modified

slightly by the characteristics of the

in the density of the

air mass.

c. Convection currents can

the weather in a local area.

d. There haven't been any

in the basic mercurial

barometer, but the aneroid barometer has been

. several times to make it more accurate.

e. The aneroid barometer doesn't have to be

checked so often.
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UNIT 6
Weather Hazards
SECTION 1. RESTRICTIONS TO VISIBILITY
1. Visibility
a. There are three types of visibility which affect aviation.
They are: horizontal surface visibility; air-to-air, or flight visibility ; and air-to-ground, or slant
visibility.
(1) Horizontal surface visibility refers to the ability of an observer on the surface to see

other
objects on the surface.

(2) Air-to-air visibility refers to the ability of an observer aloft to see other objects aloft.

(3) Air-to-ground and slant visibility refer to the ability of an observer aloft to see objects
on the surface.

L.

Types of visibility in aviation: air-to-air, air-to-
ground, and horizontal surface. Surface visibility is
observed and reported by ground stations. Air-to-air
and air-to-ground visibility are reported by pilots

in flight.

Figure 1
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a. Except in periods of overall clear weather, the three types of visibility that affect
aviation function independently of each other. Horizontal surface visibility may be good at a
time when cloud condi- tions 1imit air-to-air and air-to-ground visibility. At other times,
horizontal surface visibility and air-to-air visibility may be good in an area where cloud layers
limit air-to-ground visibility. A particular airport may be closed so that aircraft do not arrive or
depart because of bad horizontal surface visibility, while air-to-air visibility may be excellent a
short distance above the surface.

b. The stability of air largely determines the type and intensity of restrictions to visibility
near the ground. Stable air, which resists vertical movement, doesn't break up and spread
out re to visibility. However, unstable air produces vertical currents which vertically and
horizontally. d to break up and separate fog, and to spread haze and smoke Precipitation in
stable air tends to without stopping, precipitation in unstable air ally cover large areas, nor
does it usually continue a long t can say, stable air will have a characteristic of poor visi -
bility, and unstable air, good visibility.

C. As the earth and lower layers of air become warm during , air that was stable during
the early morning hours ma unstable. For this reason visibility usually improves as
temperatures rise. If cloud layers aloft keep the sun's heat from reaching the ground, visibility
improvement is usually slow.

2. Fog
a. Fogis a cloud with its base at the earth's surface. f Fog forms by an atmospheric

process that affects surface air in one or both of the following ways:

(1) Cooling the air to its dewpoint or to saturation by:
(a) the ground being cooled by nighttime loss of heat, which then cools

the air contacting it
(b) the movement of moist air over cold ground..
(c) moving air being cooled as it is forced to rise.up sloping terrain

(2) Raising the dewpoint to that of the air temperature. Normally happens when
the evaporation

of warm rain adds water vapor to the air. This air is then cooled by
surrounding cold air.

b. The conditions favorable to fog formation are: light winds of 10 knots or
less, and a small difference in the temperature and the dewpoint
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3. Stratus Clouds

At times when conditions are favorable for fog, a very low cloud layer may form. This is
especially true over flat terrain. These fog-like clouds form in stable air and often exist
together with fog. When this happens, there is no exact point where it can be said that the
fog layer stops and the stratus cloud layer begins. An observer on the surface then reports
the vertical visibility as the distance he can see upward into the fog.

4. Haze and Smoke

Visibility is reduced when a stable layer of air contains large amounts of very small dust or
salt particles. The particles produce the condition called haze. The haze may occasionally
extend from the surface up to 15,000 feet. Haze layers often have definite upper 1imits or
tops, above which air-to-air visibility is good. However, air-to-ground visibility from above a
haze layer is poor, especially on a slant. Smoke restricts visibility in a manner similar to haze.
Smoke sometimes collects in layers aloft, restricting visibility at that altitude, while visibility
under it and over it may be good. Haze and smoke will normally be a more severe restriction
to visibility when a temperature inversion exists.

5. Blowing Snow, Dust, and Sand

ong surface winds and vertical currents in unstable air carry a erials from the surface such as
dust, sand, or snow. These | reduce surface visibility to near zero over large areas. | favorable
conditions dust can be carried aloft to 15,000 feet and restrict slant, flight, and surface
visibility. Sand and snow are seldom carried aloft beyond a few hundred feet.

6. Precipitation

Snow, drizzle, and rain are the most common forms of precipitation that cause restrictions to
visibility. Of these, snow is usually the most effective in reducing visibility. Heavy snow
frequently reduces surface and slant visibility to near zero. Rain rarely reduces surface
visibility to less than one mile and has a tendency to wash dust, smoke, and even fog particles
out of the air. However, drizzle often occurs at the same time fog, haze, and smoke are
present, resulting in visibility being less than it would be if rain had occurred. Precipitation on
the windows of an aircraft greatly reduces a pilot's visibility; and if it freezes, he may have no
forward visibility at all.
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SECTION 2. ICING
|. General

a. Aircraft icing affects an aircraft's flight characteristics. When icing is severe, it can cause an
aircraft to be unable to continue flying. Ice that forms on the outside surfaces of an aircraft
increases the weight of the aircraft and changes the shape of surfaces on which it forms.
Icing can also occur in the engine equipment that leads outside atmospheric air to the
engine. Icing inside these parts reduces the flow of air to the engine. The amount of air
entering the engine can be so reduced that the engine can no longer produce the required
power or it stops completely. Icing is so dangerous to aircraft that many aircraft have
equipment to prevent: the formation of ice.

b. Four forces act on flying aircraft: the downward force, weight; the downward force, lift;
the resistance of the air, drag; and the force oves it forward, thrust. Icing affects all four fo It
decreases the lifting force as increases the weight of the aircraft. result of the extra weight
and the change of shape of the lif surfaces. on surfaces causes changes in the flow of air
around aircraft and results in increased drag. The decrease in lift and the increases in drag
and weight result in a decrease in the forward movement produced by thrust.

lifting force

alr
. resistance

l
thrust .
|

welght

Achpaft icing affects the forces-acting on an aircraft:
. lift is decreased, weight is ‘anreased drag is mcreased
and thrust is.decreased.

Figure 2

2. Structural Icing

The ice that forms on the outside surfaces of the aircraft is clas- sified as structural icing. The
rate of structural ice accumulation is affected by the shape, size, speed through the air, and
angle to the air of the stiucture, such as the wing. Some aircraft are less affected by ice than
otgers, but ice affects the flying performance of all arcraft. Although ice may form on any
exposed surface of the aircraft, ice on structures such as the wings has the largest effect on
flight character- istics. Two conditions are enecessary for serious ice accumulation on aircraft:
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(1) The aircraft must be flying through visible water such as rain or the small drops of
water that form clouds.

(2) The temperature of the water or of the plane must be O'.
3. Clear Ice

a. Clear ice is a transparent ice that has a glassy surface. It is Identical to the
transparent ice that forms on trees and other objects during a freezing rain. It is formed by
the relatively slow freezing of large supercooled water drops. The 1ce is smooth and
transparent when it is formed from raindrops or large supercooled cloud drops with- out
solid precipitation. Ice tends to take the shape of the surface on which it freezes, but it
accumulates more at the part of the surface that first meets the flow of air. The icing tends to
be thicker and on the front edge of a surface such as a wing, and be thinner as it extends
back over the surface.

Cross Section - Front Edge
of Wing

Air Flow
—~——_

Clear lce: Smc;oth and Glassy

Clear ice can appear in seconds and accumulates rapidly.
Pilots have the greatest difficulty in removing clear ice.

Figure 3

b. Clear ice is the most serious of the various forms of ice be of its rapid accumulation.
It adheres strongly to the surfaces it forms on and is difficult to remove.

c. The conditions most favorable for the formation of clear ice are: large amounts of
water present in the air, large size rain drops or large cloud-forming drops, temperatures only
slightly below freezing, high speed of the aircraft through the air, and thin aircraft structures
such as wings. Clear ice is encountered most frequently in cumulus-type clouds and freezing
rain or drizzle
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4. Rime Ice

a. Rime ice is a white-colored, non-transparent, accumulation of ice particles that has a rough
surface.

Cross Section of Wing Front Edge

[ e}
2oz

—_—
Air Flow

Rime Ice: Rough and Coarse

Figure 4

b. Rime ice is formed by instantaneous freezing of small supercooled er drops when
they contact exposed aircraft surfaces. This us freezing causes a large amount of air to be
caught in The air gives the ice its white non-transparent color, and makes it easy to break.
Rime ice usually forms on the front edge of a structure and extends forward into the airflow.
that takes the shape of the structure. It does not usually form in a layer The fast-freezing rime
ice is kely to accumulate in temperatures between -10 C.

c. Rime ice is most frequently encountered in stratiform clouds, and is so common in
cumulus type clouds at temperatures bel C. e primary danger from rime ice is the change it
make flow across the aircraft's surfaces; the ice seldom ac rapidly. removal methods.
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5.Mixed Ice

Rime and clear ice frequently occur together and combine the most dangerous
characteristics of both types. mixed with snow, ice particles, or small hail, the mixed ice
becomes If the liquid drops are rough, whitish, and irregularly shaped.

6. Frost

a. Frost is a very thin type of ice caused by the condensation of water vapor directly into ice
on surface objects whose temperatures are below freezing. It is' similar in appearance to a
thin layer of snow. It is the same type of ice that forms on a car's windows when the tem-
perature falls below freezing and there is moisture in the air.

b. Thin metal structures are especially likely surfaces on which frost will form. Frost does not
change the shape of a wing but its roughness destroys the smoothness of the surface and
affects the flow of air across the wing's surfaces. The changing of the airflow over the surface
results in decreased lift. A thick layer of hard frost on aircraft structures will increase the
minimum speed at which the air- craft can continue to fly by 5% to 10%.

7. Icing Intensity

The military and civilian aviation groups and the National Weather ice have agreed to use a
standard classification system to report the intensity of icing. The system uses four
classifications of icing: trace, light, moderate, and severe.




ICING INTENSITIES

STRUCTURAL ICING REPORTING TABLE
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Intensity

Ice Accumulation

Pilot Report

Trace

Ice becomes visible. The rate of
accumulation is slightly more than the
melting rate. It is not hazardous even
though ice-prevention/ice-removal
equipment is not used, unless the
condition is encountered for a long
period of time--over one hour.

Light

The rate of accumulation may create a
problem if the flight is-continued in
those conditions (over one hour).
Occasional use of ice-prevention/
ice-removal equipment removes or
prevents the accumulation. It does
not create a problem if the equipment
is used.

Moderate

The rate of accumulation is such that
even short encounters could become
hazardous. The use of ice-prevention/
ice-removal equipment or change of
route is necessary.

Severe

The rate of accumulation is such that -
ice-prevention/ice-removal equipment "
does not reduce or control the hazard.-

Immediate change of route is necessary. |

Aircraft identity
Location

Time

Intensity of the
type of ice
(Rime/clear)
Altitude of aircraft
Type of Aircraft
Indicated airspeed*

*The speed of the aircraft through the air as shown

on the airspeed instrument.
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8. Ground Icing

Water on the airport surface is thrown up on the aircraft as the aircraft moves on the ground;
just as water is thrown up on cars driving on wet roads. If the temperatures are below
freezing, this water may form ice on the exposed surfaces of the aircraft and prevent correct
operation of the various mechanical parts, such as the equipment that raises and lowers the
wheels, the brakes, etc.

9. Induction System Icing

Induction system icing is caused when the gasoline is changed to a vapor and mixed with the
air entering the engine. The vaporization of the gasoline combined with the expansion of the
air as it passes through the carburetor causes a rapid cooling of the mixture. The
temperature of the air passing through the carburetor may fall as much as 60'F in a fraction
of a second. The water vapor in the air is forced out of the air by this cooling, and if the
temperature in the carburetor is O'C or below, the moisture will form as frost or ice inside
the carburetor. Even a slight accumulation of carburetor ice will reduce power and may lead
to complete stopping of the engine if the accumulation is allowed to continue.

Carburetor icing is a form of induction system icing.

This type of icing occurs under a wide range of atmospheric
conditons. More accidents result from carburetor icing
than from any other kind.

Figure 6
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GLOSSARY
CARBURETOR: noun; a piece of equipment used on some gasoline engines to mix air with the
gasoline so that it can be burned in the engine
Ex. Atmospheric air enters the engine through the carburetor.
CLEAR ICE: noun ; transparent glassy ice
Ex. The rain froze last night; all of the trees are covered
with clear ice.
DEWPO INT : noun; the temperature at which the humidity in a particular local air mass
reaches the saturation point
Ex. The air isn't saturated at this temperature; but if the temperature falls 10 F it will
reach the dewpoint.
DRAG : noun; the name of the force that opposes the forward movement of an aircraft
through the air
Ex. Structural icing increases the aircraft's drag.
EFFECT: noun; a result of an action a To3bob

Ex. | don't know what the effect of this change will be.

Note: affect = verb, effect = noun

FAVORABLE : adjective; good conditions for a particular thing to happen, or good conditions
Ex. The weather conditions will be favorable for snow over the next three days.

FROST: noun; a light form of ice caused by condensation of the water from the air in freezing
temperatures Ex. There was frost on the grass and trees this morning when | got.' up.

HAZE: noun; the restriction to visibility caused by very small dust or salt particles in the air
Ex. Normally you can see the mountain from here if there is no haze.

HORIZONTAL: adjective; parallel to the surface of the earth, opposite of vertical

Ex. Stratiform clouds form in horizontal layers.
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ICING: noun; the process of forming ice on a surface
Ex. Three aircraft have reported icing in thiat area.
INDUCTION SYSTEM: noun; the group of parts that guide air to the aircraft engine
Ex. If air can't enter through the induction system, won't run.
LIFT: noun; the name of the force that opposes weight and causes an aircraft to move
upward
Ex. The airplane wouldn't be able to fly if it didn't have lift.
MODERATE: adjective; an amount that is not particularly large or small
Ex. We have only had a moderate amount of rain this year.
POOR: adjective; not good, almost bad
Ex. Visibility is poor when it is snowing.
PREVENT : verb; to stop something from happening
Ex. The doctor gave him some medicine to prevent him from sick on the airplane.
RIME ICE: noun; rough, white-colored ice

Ex. When the airplane landed it still had rime ice on the wings.

SUPERCOOL: adjective; cooler (colder) than normal

Ex. They are called supercooled drops because they are still liquid even though it is below

oc.

Note: super - more than normal, i.e., superlight, much lighter than normal.
THICK : adjective; (1) the third measurement for solid objects

Ex. The book is 10 inches 1ong, 8 inches wide, and 1 1/2 inches thick.

Ex. This book is thicker than yours.

(2)the opposite of thin

Ex. .The material in our winter uniform is thick; the cloth in our summer uniforms is thin.
THIN: adjective; (1) the opposite of thick

Ex. Don't walk on the wing of the airplane when you,work on it; the metal is very thin.
(2)the opposite of fat

Ex. He is so thin now that his uniforms don't fit him.
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THRUST: noun; the name of the force that moves an aircraft forward and opposes drag

Ex. The ice on the wings is increasing drag; our effective thrust is decreasing

TRACE : noun; a small amount, sufficient to show something exists

Ex. There was a trace of ice on the wings, but it had no real effect.
VAPOR: noun; a gas as compared to a liquid or a solid

Ex. When water evaporates into the air, the gas is called water vapor.
VAPORIZE: verb; to change to a gas

Ex. The gasoline is vaporized in the carburetor.
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Language Exercises
[. NEW TERMINOLOGY: Oral Exercises

1. Select words from the list below to complete the following sentences. Some of the words may
be used more than once, and you may have to make the word plural or change the tense. Do not try
to write the words in the spaces.

Horizontal dewpoint drizzle
haze vapor icing
poor favorable prevent
a. Liquid gasoline is dangerous; the the evaporates from

the gasoline is very dangerous.

b. | just heard the weather report. is raining now and the temperature will drop below freezing. We
should watch for

c. The instructor said that | will have to take the test again because | made such a
score the first time.

d. There are no clouds and the day is sunny; but the keeps
you from seeing very far.

e. When small drops of water condense on grass early in the morning it's called dew. It doesn't occur
unless the air reaches its .

f. High humidity and cool temperatures are conditions
for the occurrence of dew.

g. One way to making mistakes is to work slowly and
carefully, and to stop and rest when you are tired.

h. When we say that writing paper has lines, we usually mean that it has
lines, not vertical lines.

i. I don't think we will get very wet; it's not raining, it's just a

j. Most people call the evaporated water in the air, water

k. Haze, fog, drizzle, etc., are all causes of
visibility.

l. | put my name on the front of my book to somebody
from taking it by mistake.

m. Normally when we ask a person 'How far can you see?" we are talking about
visibility.

n. After a cold front passes, the air clears and conditions are usually
for good visibility.
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2. Select words from the list below to complete the following sentences. Some of the words
may be used more than once, and you may have to make the word plural or change the
tense. Do not try to write the words in the spaces.

Lift effect thick (-er, -est)
drag supercooled thin (-er, -est)
thrust clearice
structure rime ice
a. Increased weight is one of the of icing on aircraft.

b. When the downward and upward forces are in an equilibrium, the aircraft keeps flying at
the same altitude. If the force is increased,
the aircraft will increase its altitude.

C. When ice is like glass and you can see through it, it is called

d. Normally water freezes at O'C; but sometimes drops stay liquid at temperatures below 0'C.
They are called drops.

e. Often when a large building is built, they will complete the
before they put in any walls or floors.

f. The engine of the aircraft provides the that moves
forward.

g. A person who is 2 meters tall and weighs 60 kilograms is a person.

h. Hail is similar to because it is usually rough and white.

i. A book with 300 pages is usually . than a book with 100 pages.

j. Since icing affects the airflow over an aircraft's structure, force. it usually increases the
force.

k. It is easy to remember the forces acting on an aircraft as opposites;
opposes weight, opposes thrust.

i If and occur at the same time,
it is called mixed ice.

m. Haze isn't like precipitation; it has no no the aircraft, it only
limits visibility.

n. The of the aircraft is covered with thin metal.
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3. Select words from the list below to complete the following es. Some of the words may
be used more thai and you may have to make the word plural or change the tense. Do not try
to write the words in the spaces.

frost vaporization trace frost
moderate carburetor carburetor
induction system structural
a. Some regions have what is known as a climate; it

isn't particularly hot in the summer or cold in the winter.

b. Moisture that condenses on a surface as drops of called dew. When it condenses on a
surface as thin ice, it is called

C. Ligquid gasoline is changed place in the carburetor. to a gas; this takes
place in the carburetor.

d. There was a of rain last night, but there wasn't enough to
measure.

e. Some engines use a to vaporize the gasoline and mix it with air.

f. Since the is used to lead outside air to the engine,

it also can be affected by icing.

g. The shape of the aircraft's surfaces. can be changed by icing.

h. When icing just shows on a surface and doesn't increase, it is classified as a ;
it is no danger to the aircraft.

i. Evaporation and have almost the same
meaning.

j. It didn't snow last night, and there was no rain to freeze; that white stuff on the car must
be

k. The weight of the aircraft is increased by . Icing
l. Icing in the can reduce the flow of outside air to the engine.
m. 'lcing can also form when the vaporized gasoline and air mix. This icing

reduces or. even stops the flow of the gasoline air mixture to the engine.
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[I. SENTENCE PRACTICE: Oral Exercises

NOTE: Long sentences are often formed by using a connecting word or se to join, two
(or more) statements. The connecting word or phrase usually identifies a relationship
between the two statements. Compare the connectors used in the following
sentences.

(1) The northern hemisphere has summer when the southern hemisphere has winter.
(when = at the same time)

(2) The earth is rotating around its own axis while it is revolving around the sun. (while =
at the same time; frequently used with "-ing" verbs)

(3) Temperature decreases as altitude or height above sea level increases. (as = at the
same time, with the idea of gradually or step by step)

(4) Weather is discussed in nontechnical terms by all people since everybody experiences
the weather conditions them throughout their lives. (since = because, for this reason, etc.)

(5) Maritime air moves over the continents and continental air moves over the seas and
oceans. (and = both events happen; i.e. John studies French and his sister stu English.)

(6) The drops get larger and larger and the drops fall as precipitat ion. (and = sequence;
one event followed by another event.)

Other frequently used connectors are:

because= for this reason

when = sequence; i.e., I'll buy a car when | get my driver's license.

since = for this reason; i.e., Since you paid for dinner last night, I'I1 pay tonight.

since = sequence; event 2 began at time specified, i.e., He has been studying English since he
arrived in May.

until = sequence; event 1 continues up to time of event 2.

before= sequence; event 1 occurred before event 2.

after= sequence; event 2 occurred after event 1.

so = reason; i.e., He bought a camera so he could send pictures home.
at the same time

whenever = event 2 occurs each time event 1 occurs.

Unless = event 2 does/doesn't occur except when event/condition does/doesn't occur.
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Select connectors and combine the following sentences as shown in the example. Use "it"
or "they" when appropriate.

Examples: The earth revolves around the sun.
The earth rotates around its own axis.
Say: the earth revolves around the sun at the same time it around its own axis."
a. (1) The height of the column of mercury in the barometer changes.

(2) The weight of the atmosphere changes.

b. (1) The partially empty container expands and contracts.

(2) The container is sensitive to changes in atmospheric pressure.

C. (1) The earth completes one rotation every 24 hours.

(2) Each part of the earth has one day period and one night period every 24 hours.

d. (1) We only studied about the troposphere and the stratosphere.

(2) Most aircraft flights and weather occur in those layers.

e. (1) The aneroid barometer is checked weekly against a mercurial barometer.

(2) The aneroid barometer is less accurate and may need adjustment.
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f. (1) Air begins to flow from areas of higher pressure to areas of lower pressure.

(2) The equilibrium of atmospheric pressure is disturbed.

g. (1) The air at the equator expands and rises.

(2) The earth receives more heat, at the equator and transfers it to the air.

h. (1) The air in the northern hemisphere is deflected toward the earth.

(2) The air rise's and moves northward from the equator.

i. (1) Air masses move away from their source regions.

(2) Air masses are constantly modified by the areas they pass over.

k. (1) Two air masses that meet normally do not mix.

(2) Two air masses have similar temperatures, pressures, and relative humidity.

l. (1) The warm air mass is replaced by a colder air mass.

(2) The warm air mass moves back from a given area.
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m. (1) The warm air slides over the wedge of colder air ahead of it.

(2) The warm air mass moves forward.

n. (1) Clouds in the form of altostratus and cirrostratus appear.

(2) Stable warm air moves up the slope of the front and the temperature falls.

0. (1) The fast moving cold front has passed.

(2) The weather clears rapidly, there is cooler drier air, and usually unlimited ceiling and
visibilities
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. VOCABULARY EXPANSION: Oral Exercises
Use the correct form of the words listed to complete the following
sentences. Some words may be used more than once.
a. vision, n. visible, adj. visibility, n.
invisible, adj. visibly, adv.

(1) You can't see air, it's a good example of something that is

(2) Itis a good idea to have your checked every year.
(3) After a cold front passes, the air clears and is very good.
(4) When ice is just on the surface ut does not

accumulate, it is classified as "trace.”

(5) The shape of the wing changed as the ice accumulated.

(6) Convection currents are but cumulus clouds

are an indication that they are occurring.

b. limit, n. limit, v. limited, adj. unlimited, adj.
limitations, n. limiting, adj].
(1) Even' on a cloudless day, haze can visibility to a

short distance.

(2) It was such a clear day that we had visibility.

(3) If you want to go on the trip, tell them quickly; because the number they

can take is
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(4) The policeman stopped him because he was driving faster than the speed

(5) I'would really like to travel and see the country but there are several

factors: | don't have much money; | don't have much free time; and | don't speak the

language.

(6) The post office establishes on the type of

package that can be mailed; it must be less than a certain size, weight, etc.

(7) The tropopause marks the of the troposphere.
C. observe, v. observer, n. observation, n.
observed, adj. observing, adj. unobserved
(1) An person can predict what the weather will be for the next

few hours just by knowing about the different types of clouds.

(2) At the weather station they make official weather every hour.
(3) Many changes in cloud formations are because they occur at night.
(4) His brother works as a weather the government.
(5) the weather report includes information about the clouds,

the pressure, the humidity, the wind speed and direction, and

precipitation.

(6) Anyone can learn to the weather around him.

(7) The station keeps records of all of the weather for the last

few years.



117

UNIT 7
Weather Hazards (2)
SECTION 3. TURBULENCE

1. General

a. The effect of turbulence on aircraft ranges all the way from a few small bumps
to severe jolts which are capable of producing structural damage. Since turbulence is
associated with many different weather situations, it is helpful to have a knowledge of its
causes and how the irregular air movements act.

b. The atmosphere is considered turbulent when irregular eddies of air affect
aircraft so that a series of intermittent jolts or bumps are felt. A large range of eddy sizes
exist, but those causing turbulence are about the same size as the aircraft and usually occur
in an irregular sequence. The reaction of the aircraft to the turbulence varies not only with
the intensity of the eddies, but also with the aircraft characteristics such as flight speed, size
of the aircraft, altitude of the aircraft, and wing lift/weight relations. Turbulence can cause
quick unpredictable changes in the aircraft's altitude and attitude.

2. Intensity of Turbulence.

a. Classification of turbulence intensity is a difficult problem for pilots and
weathermen. The pilot's judgment of turbulence severity may be influenced by the length of
time his plane is exposed to turbulence, the amount of experience the pilot has, and the type

of aircraft he is flying.

b. In order to provide a standard for reporting and describing turbulence,
turbulence has been classified into four intensities; light, moderate, severe, and extreme,
according to its effect on the aircraft and its occupants. Turbul ence that causes a continuing

rapid series of bumps or jolts is called chop.
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3. Types of Turbulence

Turbulence is divided into four general types based on the meteorological and
physical properties responsible for its existence. These types are convective, mechanical,
wind shear, and high altitude clear air turbulence (CAT). Although the principal cause of clear
air turbulence is wind shear, it is given a special classification because of its importance for
jet aircraft.

4. Convective Turbulence

a. As discussed in Weather Causes, convection results from uneven heating of the
earth's surface causing currents of variable strength. The following illustrations show how a
normal descent may be affected by nearby changes in the type of surface.

LANDING FIELD

Downward currents allow the aircraft to fall below the normal descent path causing it to enter
the landing area short of the intended point.

Figure 2
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Upward currents force the aircraft above the normal descent path
causing it to enter the landing area beyond the intended point.

Figure 3

b. Thermal turbulence is common during sunny afternoons. As the air is heated,
large "bubbles" of warm air are forced to rise in convective currents. The upward moving air
rises faster and faster until e it reaches a height where the temperature of the rising air is
cooled to the same temperature of the surrounding air.

Cwni{l,"’ s clouds are signs of comvective currents. Aircraft
flying below the tops of cumulus clouds encounter turbulent
air. "Above the tops smooth flight is possible if comection
does not extend above the cloud tops

Figure 4
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C. It is important to remember that both up and down drafts develop. Turbulence is
more severe when updrafts and downdrafts are close together. Even if the air is very dry with
no clouds, convective turbulence may be present.

5.  Mechanical Turbulence

a.  Anobject placed in any moving air current disturbs the flow by causing the wind to
change its direction of flow to go around the object. Mechanical turbulence is caused by wind
flowing over or around an obstruction. The area before the obstacle is called the windward
side; the area after is the leeward side

SLOW WIND FAST WIND
S A M
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——— e e—— | — - g
= p
— - :
e == P p———t

Obstructions to wind flow cause
irregular eddies when the wind
flows around and passes the
obstacle. The degree of tur-
bulence depends on the size and
shape of the obstacle, the speed
of the wind, and the stabzl@ty

- @f the air.

Figure 6

Mechanical turbulence in
mountains. Air flowing through
mountainous terrain is forced
upward over the mountains then
sinks dowrward on the opposite
side. The degree of turbulence
caused by the mountains depends

on the shape and size of the

mountains, the direction and
speed of the wind, and the
stability of the air.

Figure 6

b.  Air currents separate to flow around an obstacle and rejoin after they pass the
obstacle. When they rejoin, eddy currents develop in the flow that has passed the obstacle.
These eddy currents create mechangcal turbulence. If the obstacle had not been there, and
no other factor influenced the flow, the wind would flow smoothly and undisturbed.
Mechanical turbulence is caused by obstructions in the path of the wind, and is not caused by
meteorological processes in the air mass itself. Some objects which tend to produce this type
of turbulence are mountains, hills, buildings, and moving aircraft.
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6. Low-Level Mechanical Turbulence

a. Low-level mechanical turbulence is turbulence near the ground that is caused by
wind flowing over and around obstructions. The obstructions can be large or tall buildings
and other man-made structures, hills, trees, etc. The amount and location of the turbulence
is dependent on the wind speed and direction it is blowing from. The turbulence forms
downwind from the obstruction, i.e., a west wind produces turbulence east of the
obstruction.

b.  Itisimportant for pilots of light aircraft to consider the variability of the wind
near the ground, particularly when landing or departing an airport. The landing area may
be safely upwind from an obstruction when an east wind is blowing, and yet be a turbulent
area because it is downwind from the same obstruction when a west wind is blowing.

Obstructions at an airport may cause turbulence in the landing

“area. It is necessary to become familiar with the location and
type of turbulence produced in the airport area by winds coming
from different directions and at different speeds.

Figure 7
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7. High-Level Mechanical Turbulence

a. The air flow becomes very disturbed when wind blows over long lines of mountains.
The wind blowing up the slope is usually relatively smooth if the air is stable. On the downwind
side the air falls rapidly down the slope. This produces strong downdrafts and causes the air
to be very turbulent. When air passing over the line of mountains has sufficient water vapor
to produce clouds, lenticular and rotor clouds form downwind from the mountains and
indicate severe turbulence. If water vapor is not sufficient to form clouds, severe turbulence
can exist even though the characteristic clouds are not present.

.
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When air is forced over mountains and there is sufficient water
vapor, characteristic clouds can form. The most characteristic
clouds are those that surround the mountain top, and the lenticular
and rotor clouds downwind. The lenticular and rotor clouds are
signs of severe turbulent conditions,. though. the conditions may
exist even when the clouds are not present.

Figure 8

b.  When winds faster than about 50 knots blow directly across a line of mountains, the
resulting turbulence may be extreme. Areas of continuous updrafts and downdrafts can
extend many times higher than the elevation of the mountain tops. When these conditions
occur the air cutrents make regular upward and downward movements called waves in the
downwind areas. The waves sometimes extend upward beyond the tropopause. They are
called standing waves when they tend to continue in the same location over periods of time.
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c.  Waves not only reach great altitudes, but they also sometimes extend as far as a
hundred miles horizontally downwind from the line of mountains. These waves of air are
referred to as standing waves or mountain waves. They are characterized by standing
lenticular altocumulus and/or rotor clouds when sufficient moisture is available. These clouds
may form as long lines which are called standing wave clouds.

\
LY

Standing wave clouds. They are called standing because they

have very little movement, but the wind flowing through the
clouds can be extremely strong.

Figure 9

d. Reports of turbulence in waves may range from none to extreme, but usually
moderate to severe turbulence will be encountered. The most dangerous characteristic of
the standing wave airflow is that the updrafts and downdrafts can be very strong and extend
great distances upward or downward.
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8.  Wake Turbulence

Every aircraft produces a wake when in flight. This turbulence is in the form of two
counter-rotating vortices of air extending backward from the tips of the wings. The strength
of the vortex produced by the wing tip is determined primarily by the weight, speed, and
shape of the wing of the aircraft. The wake produced by a large aircraft can be particularly
dangerous to a small, light aircraft.
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Turbulence in the fonﬁ of atir currents flowing in a spiral is
produced by the wings.of an aircraft. These vortices produced
by the wing tips are called wake turbulence.

Figure 10

9. Wind Shear

Wind shear exists when there is contact between currents of air flowing in different
directions and/or at different speeds. There is a tearing or shearing effect where the currents
are in contact with each other. The eddies formed in this contact area are called wind shear
turbulence. Wind shear can exist at the horizontal boundary between layers of air moving in
different directions and/or at different speeds, or it can exist along a vertical boundary when
upward or downward currents are in contact with currents moving in a different direction
and/or at a different speed. Horizontal or vertical wind shear can exist at any altitude. The
intensity of the turbulence increases as the amount of wind shear increases.
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10. Shear with Temperature Inversion

a. Anarrow zone of wind shear, and the turbulence it produces, is often encountered
when an aircraft goes up through or descends through a temperature inversion. The wind
speed and/or direction sometimes changes very quickly with altitude in this zone.

b. Wind shear that occurs with a strong temperature inversion near the ground is a
particular hazard to aircraft immediately after departing or just before landing at an airport.
Typically, heat from the ground radiates up and is lost during the night. This nighttime
radiational cooling causes a layer of cold air to form near the ground. The cold air, only a
few hundred feet thick, may be under a moving layer of warm air. Because of the windspeed
difference between the moving warm air and the still cold air, a narrow zone of wind shear
develops along the border. The degree of turbulence will depend on the speed of the warm
air since the cold air is still.

WARM AIR

Wind shear located in a zone between the still wind within an
tnversion .and the relatively strong wind above the top of the
‘tnversion. - This condition is most common at night. '

Figure 11

11. Shear Turbulence with Fronts

a. Because winds on either side of a front have different speed and direction, a shear
zone exists along the border of these winds.
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b. This shear can produce hazardous turbulence for aircraft landing or departing in an airport
area when frontal passage takes place. The air ahead of a fast moving cold front is forced upward by
strong lowlevel winds. This results in gradually increasing low-level turbulence as the front

approaches the airport.

W

Turbulence ahead of a fast moving cold front. The rapid movement
of the approaching cold air creates eddies ahead of the front.
Conditions in the frontal zome are favorable for wind shear

turbulence.

Figure 12

12. Clear Air Turbulence

The term "clear air turbulence" (CAT) generally refers to high-level wind shear turbulence
which frequently occurs in the area of a jet stream. The intensity of CAT may be such that it

causes serious problems for aircraft and passengers.

13. Characteristics of CAT

High-level clear air turbulence tends to occur in limited areas for short periods of time.
The size of the turbulent area is quite variable, but it is thought to be around 2,000 feet
thick, 20 miles wide, and 50 miles or more long. The areas become longer in the direction
of the wind. The exact position of one of these areas is difficult, if not impossible to locate.
The determination of the locations is largely dependent on pilot's reports; however, the
meteorologist can predict general areas where the turbulence might occur.

14. CAT by Seasons

There are from three to four times more CAT occurrences during winter han sunmer.
The most frequent altitude of jet stream CAT en counters is 30,000 feet in winter and

34,000 feet in summer.
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GLOSSARY

ATTITUDE: noun; the position of an aircraft in relation to its areas, i.e., whether the front is
pointed upward or downward, or to the right or left; or whether one wing is higher
than the other Ex. When the aircraft leaves the airport the pilot usually puts it in a
front-up attitude to gain altitude rapidly.

BUMP: noun; (1) a small projection or raised area on an even surface
Ex. Drive slowly here, there are a lot of bumps in the road.
(2) the effect on a vehicle or aircraft as if it has run over a bump.
Ex. | didn't see what we ran over but | felt the bump.

CHOP: noun; (when reporting turbulence) a turbulence that produces
the effect of a continuous series of close together bumps

Ex. We had about three minutes of light chop but otherwise there was no turbulence
and the flight was smooth.

DRAFT: noun; a current of air; updraft = a current of air upward,

downdraft = a current of air downward

Ex. The aircraft went through a strong downdraft and lost altitude.
DOWNWIND: adjective or adverb; a position from an object so that the

wind blows from the object to that position

Ex. You can expect turbulence if you are downwind from the mountains.
EDDY: noun; a turning current of air behind an obstruction caused by

the motion of the air passing around or over the obstruction

Ex. There are eddies of air downwind from the building that are dangerous to small
aircraft when they are landing.

EXTREME: adjective; a very large degree of effect
Ex. The heat last summer was extreme for this area.
Ex. The aircraft was damaged by extreme turbulence.
INTERMITTENT: adjective; occurring with irregular frequency
Ex. We have had intermittent rains for three days.
JOLT: noun; the effect on a vehicle or aircraft as if the structure
had received a quick strong hit

Ex. That last jolt was very strong, if we have many more like that the aircraft will be
damaged.

LEEWARD: adjective or adverb; the position of objects that are downwind

from another object (See downwind.). Ex. Lenticular clouds form on the leeward side
of the mountain.
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LEVEL: noun; a particular altitude

Ex. There is too much turbulence at this level; let's go up a couple of thousand feet.
Ex. There are a few low-level clouds but that's all.

OCCUPANT(S): noun; the person(s) in a vehicle, aircraft, building, area, etc.

Ex. The aircraft was damaged when it landed, but none of the occupants were hurt.
NOTE: verb; occupy

REACTION: noun; an action produced as a result of another action
Ex. Turbulence that affects a small aircraft may produce no
reaction in a large, heavy aircraft.

ROTOR CLOUD: noun; a ball-shaped cloud that sometimes forms near a line of mountains
Ex. Rotor clouds and standing lenticular clouds are signs of severe turbulence.

SHEAR: noun; a tearing or breaking effect produced by force moving

in one direction against a stationary object, or an object moving in the opposite
direction

Ex. You can see on the piece of metal that it is breaking as a result of shear caused by
too much weight.

NOTE: verb; shear
Ex. When the truck went off the road it sheared the tree off right at the surface of
the ground.
THERMAL: adjective; caused by heat, or dealing with heat
Ex. Hot air rising is sometimes called a thermal current.
UPWIND: adjective or adverb; a position from an object so that wind
blows from that position to the object
Ex. You won't find much turbulence when you are upwind from the obstruction.
VORTEX, VORTICES: noun; a current that flows in a spiral

Ex. Water forms a vortex in a container when it drains from a hole in the bottom of
the container.

Ex. The wind flowing over and around the wing tips creates vortices behind the
aircraft.

WAKE: noun; the disturbance in a fluid (liquid or air) caused by an
object moving through the fluid

Ex. You can see the wake behind the boat. Ex. the aircraft leaves a wake behind it as it
moves through the air.
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WAVE: noun; a regular up and down movement in a fluid (liquid or air)
Ex. The strong wind caused large waves to form on the lake.
Ex. The mountains caused waves to form in the air current.
WINDWARD: adjective or adverb; the position of an object that is upwind
from another object (See upwind.)

Ex. Updrafts are more common on the windward side of the mountains.
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Language Exercises

. NEW TERMINOLOGY: Oral Exercises

1. Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or
change the tense. Do not try to write the words in the spaces.

> o

. They really should repair this road; it's old and has a lot of

bump intermittent extreme
jolt reaction
eddy attitude

. The front of the aircraft is the nose. When the aircraft is climbing it usually has a

nose-up

When we say an area has a moderate climate, we mean that it doesn't have

cold in the winter or heat in the summer.

If a strong wind is blowing across an obstacle, currents are formed
downwind from the obstacle.

This has been an unusual day; we have had rain and sun all day.

Since you can't see wind, it is difficult to know how strong it is; but you can watch

trees to see the of the trees to the wind.

There was a strong when the car hit the bus, but no one was hurt.
. The pilot puts the plane in a nose down when he is descending

to land.

The turbulence was like a series of small ; it was just strong

enough to feel but it didn't cause any problems.

Roll clouds and lenticular clouds often form in the currents
downwind from a mountain.

. A gusty wind is a wind that has increases of speed that don't
last very long.

. Unless it is corrected, the of an aircraft to an updraft is to increase
altitude.

m. When turbulence is classified as , it is very dangerous to aircraft.
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Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or
change the tense. Do not try to write the words in the spaces.

occupants draft upwind
shear level chop
thermal downwind

a. Since convection currents are caused by heating, they are also called
currents.

Mechanical turbulence can be expected in the area from an obstacle.
If a car has a driver and three other people in it, it has four

The towers of cumulus clouds are formed by up
CAT is a special form of high turbulence.

- oo oo

Since the bumping caused by the turbulence was continuous, the pilot reported

it as

g. If the wind is blowing from your position toward an obstacle, you are
from the obstacle.
h. If the air is still near the ground and moving at a higher altitude, there is wind

near the border of the two layers.

i. Mechanical turbulence is classified into two general types, high

mechanical turbulence and low mechanical turbulence, according
to the altitude it occurs at.

j. When there is a local convection circulation, the hot air rises as up

and the cool air descends as down

k. Since upward and downward currents move at different speeds than the air
around them, wind occurs along the edges of the currents.

l. When an aircraft is flying through turbulence, the of the aircraft
should keep on their seatbelts.

m. A sunny day is more likely to produce. currents than a cool cloudy day.
n. If the wind is blowing from the east, the eastward side of an obstacle is the
side, the westward side is the side.
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Select words from the list below to complete the following sentences.
Some of the words may be used more than once, and you may have to

make the word plural or change the tense. Do not try to write the words in the
spaces.

leeward vortices windward
rotor cloud wake
vortex wave
a. When standing lenticular clouds and small round occurina

downwind area they are signs of severe turbulence.

b. A spiral-shaped current is often called a

c. The town is south of the mountain, that means it is on the side
when a northwind blows.

d. The turbulence produced by a moving aircraft is a special kind of mechanical

turbulence called turbulence.

e. The wingtips of a moving aircraft produce two of air that extend
behind the aircraft.

f.  High-speed winds blowing across a mountain can create currents
that extend far above the mountain.

g. There should be much less turbulence on the side of an obstacle.

h. Large, fast-moving vehicles disturb the air as they move. Even though it is
invisible, they leave a of air behind them

i. Downwindand refer to the same position, and upwind and

also have the same general meaning.
j.  Strong upward and downward currents called often form to the

leeward of mountains when strong, winds are blowing:

k. Lenticular clouds and form on the leeward side of the mountains
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SENTENCE PRACTICE:  Oral Exercises

NOTE: A series of two or more short sentences is often combined to make a single
sentence that has the same general meaning. Compare the two following
short sentences and the combined one.

(1) The earth rotates.
(2) The earth revolves around the sun.
Combined: The rotating earth revolves around the sun.
Combine the two shorter sentences into a single sentence as shown in the examples.
Example 1
(1) The water vapor condenses.
(2) The water vapor forms clouds.
Say: "The condensing water vapor forms clouds."
Example 2
(1) The larger drops precipitate.
(1) The larger drops fall as rain, snow, sleet, or hail.
Say: "The precipitat ing larger drops fall as rain, snow, sleet, or hail."
a. (1)  The air masses move.

(2)  The air masses are a major factor in an area's climate.
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(1) The height of the column of mercury varies.

(2) The height of the column of mercury indicates changes in atmospheric pressure.

(1) The hollow container expands and contracts.

(2)  The hollow container moves an indicator arm up and down a scale to show
pressure changes.

(1) The air at the equator expands.

(2)  The air' at the equator rises and moves toward the poles.

(1)  The air circulates.

(2)  The air follows a regular path from the equator to the poles and back.

(1) The cold air contracts.

(2) The cold air descends to the surface near the poles.

(1) The large high- and low-pressure systems migrate.

(2) The large high- and low-pressure systems have the temperature and humidity
characteristics of their source regions.
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) The air currents rise.

(2) The air currents produce the rounded tops of cumulus clouds.

(1) The warm air mass advances.

(2) The warm air mass slides over the wedge of cold air.

(1) The warm front air rises and cools.

(2) The warm front air forms cirrus clouds up to 500 miles in advance of the front.

(1) The wing tip vortices counter-rotate.

(2)  The wing tip vortices extend to the rear of the aircraft.

=

) The aircraft land and depart.

No

) The aircraft may experience temperature inversion wind shear.
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. VOCABULARY EXPANSION: Oral Exercises

Read the sentence given, say the verb form of the underlined noun, and make a
sentence using the verb form. Your sentences should say something about weather.

a. When the flow of air meets an obstruction it must either go over
it or around it.
b. There is a standard classification for the intensity of turbulence.

c. The table gives a description of the effects of the different intensities

of turbulence.
d. The variation in turbulence is very large, from small bumps to severe jolts.
e. The division of turbulence into four types is based on the causes of
the turbulence.
f. Uneven heating of the earth near an airport may produce currents that
affect an aircraft's descent.
g. Long lines of mountains can produce severe disturbances in the airflow.
h. Rotor and lenticular clouds indicate the existence of severe turbulence.
i. At night the radiation of heat from the ground may cause an inversion layer
to form.
j. The determination of the location of CAT is largely dependent on pilots'
reports.
k. The expansion caused by warming lowers the density of the air.
|. The northward movement of the air produces an accumulation
of air in the northern part of the hemisphere.
m. There is a general circulation of the air from the equator to the poles and
back again.

n. Weathermen spend many hours practicing the identification of different

cloud types.
o. Towering cumulus clouds are definite indications of unstable air.

p. Any reduction of temperature in saturated cold air may produce fog.
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UNIT8
Weather Hazards (3)
SECTION 4. THUNDERSTORMS

1. General

The thunderstorm is a local storm which is produced by a cumulonimbus cloud and is always

accompanied by lightning and thunder. Thunderstorms are particularly dangerous for pilots

because they are almost always accompanied by strong gusts of wind, severe turbulence, and
icing. Heavy rainshowers normally accompany the thunderstorm, and hail is not uncommon.
Since thunderstorms are so dangerous to a pilot, he is frequently provided with information
as to the existence and location of thunderstorms. This section describes the structure,
general types, and hazards of thunderstorms so that the importance of the information

provided to pilots will be understood.
2. Formation

a. In order for a thunderstorm to form, the air must have sufficient water vapor, be
unstable, and (initially) be forced upward. The first updrafts can be caused by convection
currents from surface heating, sloping terrain, a front, converging winds, or any combination

of the above.

b. As the upward moving air expands and cools, it causes condensation of the water
vapor and the formation of a cumulus cloud. The process of condensation releases heat
which slows the cooling caused by expansion. If this saturated updraft becomes warmer than
the surrounding air, its lower density causes the updraft to increase the speed of its upward
movement as more and more water vapor is pulled into the cloud and condenses, the cloud
builds upward into a towering cumulus, and finally becomes a cumulonimbus cloud and

produces a thunderstorm.

c. When air is moist and unstable, thunderstorms may be caused by daytime heating
of the ground, low pressure areas, winds moving up a slope, or fronts. Even dry air masses
coming in contact with moist air can cause thunderstorms. Once started, thunderstorms
generally move with the winds aloft and may travel a considerable distance from their
source. Thunderstorms caused by a front can move well ahead of the front as a squall line.

Thunderstorms formed over mountains may move many miles out over the nearby flat lands.

3. Life-Cycle
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All thunderstorm cells progress through three stages called the lifecycle. These stages are
(1) the cumulus stage, (2) the mature stage, and (3) the dissipating stage. The difference
between a severe and a less severe thunderstorm is related to the length of time and area
covered when it is in the mature stage. Local air mass thunderstorms have a life-cycle from
about 20 minutes to 15 hours, and are one type of thunderstorm. The other type covers
larger areas, such as squall lines in advance of fronts, and may last as long as 24 hours.

4. Cumulus Stage

Although most cumulus clouds do not become thunderstorms, the initial stage of a thunderstorm
is always a cumulus cloud. The main feature of the cumulus or "building" stage is the predominant
updraft which may extend from the earth's surface to several thousand feet above the visible
cloud top. During the early period of this stage the water drops in the cloud are very small
but they grow into raindrops as the cloud builds upward.

i\CwnuZus stage of a thunderstorm cell showing all upward
‘Qertical currents or updrafts.

Figure 1
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5. Mature Stage

a.  The mature stage begins when drops are thrown out from the updrafts, or they
become so large that the updraft can no longer hold them or lift them upward, and the drops
begin to fall. This occurs approximately 10-15 minutes after the cloud has built upward above
the freezing level.

b. As the raindrops fall they pull air with them. This is a major factor in the formation
of downdrafts which characterize a thunderstorm in the mature stage.

C. The air being pulled downward by the falling rain is cooler than the surrounding
air, and the pull caused by the falling raindrops speeds up its downward movement. Throughout
the mature stage, downdrafts continue to develop and exist at the same time as the updrafts.

Mature stage of a thunderstorm cell. Downdrafts are
passing through updrafts. The mature stage has the
greatest vertical shear and is the most turbulent
stage in the life-cycle of any thunderstorm.

Figure 2



141

6.  Dissipating Stage

The dissipating stage begins when downdrafts predominate. When the updraft is too
weak to hold the raindrops, precipitation falls through the upd raft. If the updraft is
strong enough to prevent precipitation from falling through it, the precipitation may
fall just outside the upward current. Whichever happens, the effect of the
precipitation is to increase the density of the air by pulling cooler air downward with
it, and to slow the updraft by the action of falling through it. The updraft will be slowed
and finally reversed so that it becomes a downdraft. The downdraft and precipitation
cool the lower part of the storm cloud and the surface over which it lies. The in-flow
of water vapor to the cloud is stopped and the storm dissipates. When all rain and hail
have fallen from the cloud, the dissipating stage is complete.

Dissipating stage of a thunderstorm cell. Vertical
currents are all downdrafts. The rising effect has
erided, and precipitation formation has stopped.

‘% 1y
¥ Figure 3
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7. Thunderstorm Hazards
a. Turbulence

(1) All thunderstorms are turbulent, and some are potentially destructive to aircraft.
Almost any thunderstorm has the potential to produce "severe" turbulence and some may
produce turbulence classified as "extreme."

(2) Turbulence should also be expected outside of the area of the visible cloud and in
the case of severe thunderstorms, "severe" to "extreme" turbulence can be encountered
several thousand feet above and 20 miles laterally from the storm.

b. Hail
(1) Hail is a ball or irregularly shaped piece of ice ranging in size from approximately

.6 centimeters to 13 centimeters in diameter. Large hailstones usually have alternating layers
of clear and white ice. In general large hail and severe turbulence occur in the same storms.

(2) Hail and turbulence are nearly equal in being the greatest hazard to aircraft
produced by a thunderstorm. Hail can cause severe damage to surfaces such as the front
edge and tops of the wings. In extreme cases hail has broken out aircraft windows.

Y Hail damage to aircraft.

Figure 4
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(3) Frequently hail is carried aloft by updrafts and thrown out of the top or sides of the
clouds; it may be encountered in clear air several miles from the thunderstorm. Most
thunderstorms have hail in the interior of the cumulonimbus cloud. In a large percentage of
the cases, the hail melts before reaching the ground, but this does not make it any less of a
danger to the pilot who may encounter it aloft.

c. Lightning. The electricity produced by a thunderstorm is rarely a great hazard to
the structure of an aircraft, but its general hazards include:

(1) Temporary loss of vision at night due to the sudden flash of light.
(2) Damage to the electronic equipment.
(3) Holes in the aircraft exterior covering due to actual hits by lightning.

d. Icing. Clear ice accumulation in thunderstorms above the freezing level can be so

rapid that an aircraft may become incapable of keeping its altitude and/or attitude.

e. Precipitation/Low Ceiling and Visibility. A thunderstorm contains considerable
amounts of liquid water, but this moisture is not necessarily falling to the earth as rain. Water
drops are carried aloft by the updrafts or may be held in the updrafts so that visibility is

reduced to near zero in the thunderstorm.

When rain showers do fall to the earth, they are usually heavy enough to cause low
ceilings and poor visibility. Also, dust between the base of the cloud and the ground may

cause an additional decrease in visibility.

f.  Effect on Altimeters. Pressure usually falls rapidly with the approach of a thunderstorm.
It then raises quickly with the arrival of the first gusts, the cold downdrafts, and the heavy
rain showers. The pressure then returns to the original pressure as the rain ends and the
storm moves on. This cycle of pressure change may occur over a period of 15 minutes.
Altitude indicated on the altimeter during the heavy rain may be wrong by over a hundred

feet a few minutes after the rain stops.

g. Surface Winds

(1) The horizontal outward movement of the downdrafts in the area unde a thunderstorm
causes a rapid change in wind direction and speed (low-level wind shear) in the area around
the thunderstorm. The gusty shifting winds are usually hazardous to landing aircraft.
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(2) Usually the approach of a thunderstorm is preceded by the first gust and low level

h. Tornadoes

wind shear, then the roll cloud, and finally, the rain. Often the surface winds pick up and carry
dust and small light objects as the thunderstorm moves, so that the approach of the storm
can be seen. The first gust is frequently the strongest wind observed at the surface during the
thunderstorm and it may reach a speed of 100 knots in extreme cases. The roll cloud is not
always present, but it is found most frequently on the front edge of fast moving fronts or
squall lines and indicates extremely turbulent conditions.

(1) Tornadoes occur only with the strongest and most turbulent thunderstorms. They

are strong cone-shaped spirals of air, mixed with cloud moisture and dust. They range from
100 feet (30 m.) to half a mile (.8 Km.) in diameter. Pressure is extremely low in the center of
the spiral cone and wind speeds are probably up to 200 knots. Tornadoes appear as funnel-
shaped clouds from the base of thunderstorms and usually move at a speed of 25 to 50knots.
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Figure 6

(2) Technically, the funnel or spiral of air must touch the ground to be called a tornado.
When they occur over water, they are called waterspouts. When the characteristic spiraling
clouds extend downward from the cloud base but do not reach the surface, they are called
funnel clouds.

(3) Frequently, cumulonimbus mamma clouds occur in connection with strong
turbulent thunderstorms and tornadoes. Tornadoes occur with individual separate
thunderstorms at times but they more frequently occur with cold fronts and squall lines.

i. Squall Lines

(1) Asqualllineis a narrow band of active thunderstorms. They are considered

non-frontal because they often develop a few hundred miles ahead of a cold front in moist
unstable air. The line may be several hundred miles long and may vary in width up to 50
miles.

(2) The squall line often contains severe, long-lasting thunderstorms. It is the major
hazard to heavy aircraft that are flying by use of instruments due to restricted visibility.

A squall line usually forms quickly and moves rapidly. It generally completes its life-cycle
within 24 hours and reaches maximum intensity in the late afternoon or early night.
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GLOSSARY

ACCOMPANY: verb; (1)to go with somebody.
Ex. Johnis going there too, why don't you accompany him so that he won't
have to go alone.
(2) to occur at the same time

Ex. The weather report said to expect heavy showers accompanied by strong winds.

CASE: noun; an instance or occurrence of something

Ex.  Normally hail is about 2.5 cm in diameter or smaller, but in this case it was as
big as an egg.

CELL:  noun; a portion of the atmosphere that functions as one unit
Ex. A high pressure cell has covered this area for the last 72 hours.

Ex. Sometimes when you are flying at a high altitude you can see three or four d
ifferent thunderstorm cells at the same time.

CONVERGE: verb; to move toward one point or to come together

Ex. There is a big traffic problem in some of the older cities because the main
highways leading to the city converge in the downtown area.

Ex. The winds converge at the center of the low-pressure area, then rise upward.

CYCLE: noun; a series of regular changes that usually lead back to the same starting point
or condition.

Ex. The circulation cycle is very simple; the air at the surface is heated, it rises, then at
high altitudes it is cooled and sinks back to the surface. When it is at the surface

the cycle starts again.
DISSIPATE: verb; to separate into smaller and smaller parts until it no longer exists.
Ex. The fog will dissipate in about two hours

Ex. This is just a local summer storm; they form, rain, and dissipate, all in about 30
minutes.

FUNNEL: noun; a cone-shaped object, open at the top and bottom, used as a guide when
pouring into a small opening

Ex. He used a funnel when he poured the water into the bottle.
GUST: noun; a sudden, short-time increase in wind speed

Ex: Wind speed is 10 knots with gusts up to 20 knots.

LATERAL: adjective; concerning the side, located at or moving to or away
from the side

Ex. In this aircraft the pilot has good vision to the front, but lateral vision is
limited, and he can't see to the rear at all.
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LIGHTNING: noun; the flash of light produced when atmospheric electricity jumps
from one cloud to another cloud, or from a cloud to the ground
Ex. The storm didn't produce much rain but there was a lot of lightning
MATURE: adjective; fully developed

Ex. That tree is still young, when it is mature it will be at least 20 meters tall.

Ex. The cumulonimbus cloud of a mature thunderstorm may extend as high

as 50,000 feet.
POTENTIAL: noun; a possibility that can become an actual thing or happening

Ex. He has only had a few hours of flying lessons but | can see. that he has the
potential to become a good pilot.

POTENTIAL: adjective; capable of happening

Ex. The report advised the pilots that there were potential thunderstorms in the area.
POTENTIALLY: adverb form of potential
PREDOMINANT: adjective; main, primary or strongest characteristic or feature

Ex. The predominant feature of a thunderstorm is the vertical development of the
cumulus cloud.

PREDOMINATE: verb; to be the strongest feature
Ex. Although there are some downdrafts in this stage of the .storm,
updrafts predominate.

PROGRESS: verb; to move forward or to continue to develop
Ex. The front is expected to progress southward at about 15 miles per hour.
Ex. The cumulus cloud progressed into a cumulonimbus, then into a thunderstorm;
all in about 45 minutes.

ROLL CLOUD: noun; a ball-shaped cloud that sometimes forms at the
front edge of a thunderstorm
Ex. Aroll cloud indicates severe turbulent conditions.

STAGE: noun; a step in a development, progress, or change
Ex. The first stage of every thunderstorm is a cumulus cloud.

TORNADO: noun; a destructive storm characterized by very high speed winds rotating in a
spiral cone-shaped pattern. The cone reaches to the ground and causes great damage.
Ex. Atornado went through part of the town and destroyed 400: houses.
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WATERSPOUT: noun; atornado that forms over water, i.e., the sea, etc.

Ex.  Athunderstorm that develops in a maritime area may also produce
waterspouts.
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Language Exercises

NEW TERMINOLOGY: Oral Exercises

1.

Select words from the list below to complete the following sentences. Some of
the words may be used more than once, and you may have to make the word
plural or change the tense. Do not try to write the words in the spaces.

accompany converge cycle
lightning progress mature
gusts stage dissipate (-ing)
. Occasionally in a thunderstorm, will hit a tall building or a

tree and start a fire.

He is a very person, he acts much older than his age.

. The atmosphere follows a when it circulates; the hot air rises

then returns to the earth where it is heated.
The first of any thunderstorm is a cumulus cloud.

Local thunderstorms develop very quickly, but the rain doesn't last long
and they almost as quickly as they form.

The winds in a low-pressure system at the center of the
system; that is why we say they spiral inward.

As a migratory air mass along its path, it is modified by
the surfaces it passes over.

. Usually just before a storm arrives there is a series of strong

of wind.

You can expect any thunderstorm to be by rain, hail, and
turbulent winds.

During the cumulus of a thunderstorm most of the air
currents are moving upward.

The thunderstorm is in the stage when most of the air
currents are moving downward.

All thunderstorms are similar because they all through the
same three stages.

m. Unless a storm is by thunder and lightning, it is not

considered to be a thunderstorm.

n. The wind speed is 10 knots with up to 20 knots.

0. After the initial updrafts start in a thunderstorm, the air in the surrounding

area begins to at the base and rise also.
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2. Select words from the list below to complete the following sentences. Some of the
words may be used more than once, and you may have to make the word plural or
change the tense. Do not try to write the words in the spaces.

case potential (-ly) tornado
cell predominant waterspout
funnel predominate

later! (-ly) roll cloud

a. Itiseasier to pour water into a bottle if you have a

b. Helicopters can move in all directions, up and down, forward and backward,

and

c. Heis the best student in the class, but he won't study or do his
homework, so his grades are poor.

d. You may have a tornado, but don't expect to see a in a desert
country.

e. Thunderstorms usually are over in an hour and a half, but in the

of a squall line they may last up to 24 hours.

f. Asquall line is a series of thunderstorm that develop in advance of
a cold front.

g. Updrafts in the cumulus stage of a thunderstorm.

h. Inthe United States the movement of cold air. is from the

northwest to the southeast.

i. Therotorcloud and the look like each other, and they both are

signs of severe turbulence.

. A is a vertical vortex of rapidly rotating air that touches the
ground.

k. Everythunderstorm goes through three stages in its life-cycle.

|.  Tornadoes and waterspouts begin as a cloud.

m. One danger of any severe thunderstorm is that tornadoes can
develop.

n. Severe maritime thunderstorms have the to produce
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SENTENCE PRACTICE: Oral Exercises

NOTE:  Written sentences tend to be longer and more complicated than spoken
sentences. Since they are printed the reader can re-read them several times
If he has difficulty in understanding them. When sentences are spoken the
listener usually only has one chance to hear the sentences. Written sentences
can be changed to spoken sentences by making them into a number of shorter
simpler sentences.

Use the examples below as a guide to change the following written sentences to
spoken sentences.

Examples:

Written:

Spoken:

The thunderstorm is a local storm which is produced
by a cumulonimbus cloud and is always accompanied
by thunder and lightning.

A thunderstorm is a local storm.

It's produced by a cumulonimbus cloud.

It's always accompanied by thunder and lightning.

Written: The pilot's judgement of turbulence severity may be influenced by the

Spoken:

length of time his plane 18 exposed to turbulence, the amount of
experience the pilot has and the type of aircraft he is flying.

The pilot's judgement of turbulence severity may be influenced by three
things.

It is influenced by the length of time his plane is exposed to turbulence

It is influenced by the amount of experience he has. It is influenced by the
type of aircraft he is flying.

a. The upward moving air rises faster and faster until it reaches a height where the
temperature of the rising air is cooled to the same temperature of the surrounding

air.

b. An object placed in any moving air current disturbs the flow by causing the wind to
change direction of flow to go over or around the object.

c. Mechanical turbulence is caused by obstructions in the path of the wind and is not
caused by meteorological processes in the air ma88 itself.

d. The landing area may be safely upwind from an obstruction when an east wind is
blowing and yet be a turbulent area because it is downward from the same obstacle
when a west wind is blowing.
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When air passing over a line of mountains has sufficient water vapor to form clouds,
standing lenticular and rotor clouds form downwind from the mountain and indicate

areas of severe turbulence.

Wind shear can exist at the horizontal boundary between layers of air moving in
different directions and/or at different speeds, or it can exist along a vertical boundary
when upward or downward currents are in contact with currents moving in a different

direction and/or at a different speed.

As more and more water vapor is pulled into the cloud and condenses, the cloud
builds upward into a towering cumulus, and finally becomes a cumulonimbus cloud

and produces a thunderstorm.

The main characteristic of the cumulus or "building" stage is the predominant updraft
which may extend from the earth's surface to several thousand feet above the visible

cloud top.

The mature stage begins when drops are thrown out from the updraft, or they become
so large that the updraft can no longer hold them or lift them upward, and the drops

begin to fall.

Turbulence should also be expected outside of the area of visible cloud, and in the
case of severe thunderstorms, "severe" to "extreme" turbulence can be encountered

several thousand feet and above and up to twenty miles laterally from the storm.

Clear ice accumulation in thunderstorms above the freezing level can be so rapid that

an aircraft may become incapable of keeping its altitude and/or attitude.

Usually the approach of a thunderstorm is preceded by the first gust and low level

wind shear, then the roll cloud, and finally the starting of the rain.



. VOCABULARY EXPANSION:  Oral Exercises

1. Select words from the lists given below to complete the sentences.

a.

B.

intensify intense intensity

(1)

(2)

(4)

vary

(1)

The strength of the updrafts will

as the cumulus stage progresses.

There is some difficulty in identifying the

of turbulence because it depends on the pilot's judgment.

A pilot may encounter turbulence even

though he is some distance from the thunderstorm.

When turbulence reaches "extreme"

it may be impossible to control the aircraft's altitude and attitude.

variation variable
CATisa of wind shear turbulence that exists
at high altitudes.
Its occurrence according to the season; it is more

frequent during the winter.

In this season the winds are ; they may come

from any direction.

The atmospheric pressure from day to day even

though the temperature might not change.

153
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predominate predominant predominantly

(1) The feature of mechanical turbulence is that it is

produced by some kind of object or obstacle.
(2) Insome areas a particular group of weather conditions may
for a long period of time.

(3) Cold air masses move from northwest to southeast in

the United States.

(4) When downdrafts begin to over updrafts, the mature

stage of the thunderstorm is over.
consider consideration considerable

(1) All pilots should recognize that there is danger associated

with flying in and around thunderstorms.
(2) When advised that a thunderstorm is in the area, a pilot may want to

changing his plans to avoid the general area of the storm.

(3)  When deciding where to locate an airport, should be

given to such things as predominant winds, high buildings and other

obstructions in the area, etc.
(4) The strong winds and hail that accompanied the storm did

damage to the aircraft that were on the ground.
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develop development developmental

(1) The first stage in the of any thunderstorm

is the cumulus stage.

(2) Itis not unusual for a local thunderstorm to

and dissipate, all within a period of an hour to an hour and a half.

(3) Inthe or building stage of a thunderstorm it is not

unusual for rain and hail to be lifted upward and thrown out from the

top of the cumulus cloud.

(4)  Any severe thunderstorm may funnel clouds, and

any funnel cloud may into an actual tornado.
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Review : UNIT 1

7

% |
Figure 1

Refer to the illustration above and identify the following:

a. The broken line identified by letter a indicates the

b. The zone identified by letter b is the

c. The zone identified by letter C is the

d. The zone identified by letter d is the

e. The zone identified by letter e is the
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f. The zone identified by letter fis the

g. The arrow identifled by letter g indicates the location of the

h. The area of the earth identified by letter h is the

i. The broken line identified by letter i is the

j.  The area of the earth identified by letter i is the

k. The arrow identified by letter k indicates the location of the

Use the information you studied in Unit 006-1A to answer at least 13 of the following 16
questions correctly.

a. What are the two movements of the earth?

b. What is the source of the light/heat radiation received by the ear th?

c. How long does it take the earth to complete one rotation?

d. How long does it take the earth to complete one revolution around the sun?
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factors produce the sequence of the earth's seasons?

158

What is the season in the southern hemisphere when it is summer in the northern
hemisphere?

What are the five temperature zones?

What are clouds formed from?

Identify or name three types of precipitation.

What is the general rule that explains why high regions usually have cooler
temperatures than low regions in the same area?

What are three of the factors that determine the climate of an area?
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What is the zero point that elevation is measured from?

159

Which direction does a north wind blow from?

What instrument is used to measure temperature?

What are the names of four of the different kinds of storms?

What is humidity?
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REVIEW : UNIT 2

Flgure 2

1. Refer to theillustration above and identify the following:

a. The layer of air indicated by arrow a is the

b. The layer of air indicated by arrow b is the

c. The border between the two layers of air, indicated by arrow is called the




Write the following characteristics in the correct columns below:

uses a glass tube

uses a hollow container
uses a liquid

uses a gas

needs frequent adjustment

a. Mercurial Barometer

fluid moves to show pressure change
indicator moves to show pressure change
is similar to an altimeter

is easy to move around

is more accurate

b. Aneroid Barometer

161
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3. Referto the illustration above and fill in the blanks in the follow- ing statements .

a. Water freezes at °C; it boils at °C.

b. Water freezes at °F; it boils at °F

4. Use the information you studied in Unit 006-1B to answer at least 15 of the following
18 questions correctly.

a.  Which layer of air contains 75% of the atmosphere by weight?

b. In which layer of the atmosphere does most of the weather take place?
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c.  Name two instruments that are used to measure atmospheric pressure.

d.  What type of barometer is used to measure atmospheric pressure and is also used to
measure altitude when it is part of another instrument?

e.  Which way will the mercury in a barometer move when the atmospheric pressure
decreases?

f.  If you are told that the mercurial barometer reads 30.13, " thirty point one three,"”
how high is the column of mercury in the baro- meter?

g. If the atmospheric pressure increases, will the hollow metal pressure sensitive
container in the aneroid barometer expand or will it be compressed?

h.  What instrument is used to check the accuracy of an aneroid barometer?

i. At what rate does pressure decrease with altitude in the lo of the atmosphere?
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What is the standard lapse rate in the troposphere?

What are the properties of water in regard to temperature?

If the barometer of a station at 2,000 feet elevation shows a pressure of 27.95, what
sea level (converted) pressure would it report?

What unit of atmospheric pressure is used to show pressure on a weather map?

If an airport at 1,000 feet elevation has a converted sea level pressure of 29.92 inches
of mercury, and a plane's altimeter has been set to read 29.92, what altitude will be
shown on the altimeter when the plane is on the ground at that airport?

What are the two types of air layers that do not show. a standard lapse rate?

What is the technical name of a layer of air that does not show temperature change
with height?
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What is the technical name of a layer of air that shows temper- ature increases with
height?

What are the characteristics of standard atmosphere in regard to surface
temperature, surface pressure, and lapse rate?
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REVIEW : UNIT3
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Figure 4

1. Refer to the 11lustration above and use the following terms to fill in the blanks below.
Some of the terms may be used more than once.
cold rise south descend hot

air north pole(s) equator

a. The line identified by letter a is the

b. The sun causes the air at the (letter a) to become

c. The hot expands (becomes less dense) and

d. The arrow at letter b indicates that the air is rising.

e. The arrows at letter c indicate that the hot aloft travels
ward and toward the

f. As the hot air aloft travels to the (letter d) and

the (letter e), it cools.
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g. When air becomes it contracts (becomes more dense).
h. The cold air to the surface near the north and south
i. The air from the poles returns along the surface to the

(a) where it is heated again.

A B A B
—
— . —
Pigure 5.--High pressure and low Figure 6.--High pressure and low
pressure areas above the surface pressure areas at the surface
(Northern Hemisphere). (Northern Hemisphere).

2. Refer to the illustrations above and use the following terms to fill in the blanks

below. Some of the terms may be used more than once.

Clockwise parallel flow isobar

counterclockwise. parallel flow inward

high flow outward

a. Figure 5A represents a pressure area.

b. We know 5A represents a pressure area because
the arrows showing wind flow indicate a movement.

c. When the wind flow is shown you do not need to have atmospheric lines in order

to pressure readings on the lines in order to identify

a "high" or a "low."
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d. Figure 5B represents a pressure area.
e. We know 5B represents a pressure area
because the wind flow is in a direction.

f.  Figure 5, A and B, shows high and low pressure areas above the surface. In relation

to the isobars the wind has a

g. Figure 6A represents a pressure area.
h. Infigure 6A, the wind flow isiin a direction.
i. Figure 6B representsa pressure area; the
wind flow is in a direction.
j. Infigure 6, A and B, the wind moves in a in relation

to the isobars.
k. At the surface (figure 6) the wind in a high pressure system flows pressure and

;in a low pressure system it flows and upward.
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Figure 7

Refer to the figure above and answer the following questions. You may use short

anNSWers.

a. Does figure 7 show a "high" or a "low"?

b. What direction does the wind flow?

c. What type of pressure gradient exists between point A and point B?

d. What type of pressure gradient exists between point C and point D?

e. What type of wind flow (as to speed) occurs in the flow indicated by arrow E?

f. What type of wind flow (as to speed) occurs in the flow indicated by arrow F?




170

WARM
LIGHT
AIR

7y

Figure 8

4. Refer to the illustration above and use the following terms to fill in the blanks below.

Some of the terms may be used more than once.

air light sinks

warm dense advection

cool rises

a. A warm or cool surface causes the above it to

become warm or cool.

b. Warm air becomes ,cool air becomes

c. Light air ; dense air
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d. Arrow aindicates the upward currents that are produced when
warm air

e. Arrow b indicates the downward currents produced when
cool air

f. Arrow cindicates a current parallel to the ground, the current from the cooler

area to the warmer area is called

Use the information you studied in Unit 006-2A to answer at least 16 of the
following 19 questions correctly.

a. What is the direction of air flow between a high pressure system and a low
pressure system?

b. What two actions normally take place when air is warmed?

¢. What two actions normally take place when air is cooled?

d. What is the effect of cooling on the density of air?

e. What is the effect of warming on the density of air?

f. the general direction and height of the warm air f the equator?




What is the general direction and height of the cool air flow from the poles?
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What force causes air in the northern hemisphere to flow to the right of its

normal path?

What conditions produce a region of low-pressure air?

What conditions produce a region of high-pressure air?

What is the direction of windflow in a low pressure system?

What is the direction of windflow in a high pressure system?

What are the lines that connect points of equal pressure on a weather map

called?

How is the pressure gradient described when the isobars are close together?
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How is the pressure gradient described when the isobars are far apart?

What is the flow of air parallel; to the ground between a local warm air mass and

cool air mass called?

What is the jet stream?

What are the pressure systems that regularly move from one area of the earth to

another called?

What two characteristics does an air mass take from the region in which it is formed?




REVIEW : UNIT 4

1. Refer to the illustrations
(figs. 9, 10, and 11) and
identify the general cloud

type shown in each.

a. Figure 9 shows a

b. Figure 10 shows a

C. Figure 11 shows a

cloud.

cloud.

cloud
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2. Refer to the 1llustrations above (figures 12 and 13) and identify the cloud type in
each by full name.

a. Figure 12 shows a cloud.
b. Figure 13 shows a cloud.

3. List each of the following cloud names in the proper group below.

Cumulus cirrocumulus altostratus
altocumulus stratocumulus cirrus
stratus cirrostratus

Group 1 Group 2 Group 3

Low Clouds Middle Clouds High Clouds
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cirrus

o

b. cirrocumulus

C. cirrostratus

d. standing lenticular cirrocumulus

e. standing lenticular altocumulus

f. altocumulus

g. altostratus

h. altocumulus castellanus

i. cumulus

j. cumulonimbus

k. towering cumulus

|. stratus

m. nimbostratus

n. stratocumulus

5. Use the information you studied in 006-2B to answer at least 12 of the following 15 questions correctly.

a. What kind of air do cumulus clouds form in?

. Write the letter that identifies each cloud name in the blank after the abbreviation for that name.

TCU

St

Cb

Ns

Sc

Cu

Acsl

As

Accas

Ac

Ccs1

Cs

Cc

Ci

176

b. What kind of air do stratus clouds form in?

c. What are cirroform clouds composed of?
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d. What does the prefix/suffix " nimbo (-us)" indicate when it is attached to a cloud name?

e. What does the suffix "fractus" indicate when it is attached to a cloud name?

f. Where does a standing lenticular cloud usually form?

g. What type of cloud has such extensive vertical development that the base can be at 6,500
feet and the top over 50,000 feet?

h. Where is the anvil of a cumulonimbus cloud located?

i. What causes towers to form in cumulus clouds?

j. What are the three basic types of clouds?

k. what are the three altitude classifications that clouds are divided into?
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[. What kind of clouds form in convective currents?

m. What two cloud types are likely to produce precipitation?

n. What produces the irregular rounded bases of cumulonimbus mamma clouds?

0. What type of cloud contains most flying. hazards?
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REVIEW : UNIT5
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1. Refer to the illustrations above (figs. 1--5) and identify the fronts shown.

Q

. Figure 1 is a cross-section representation of a/an

b. Figure 2 is a cross-section representation of a/an

(@]

. Figure 3 is a cross-section representation of a/an

o

. Figure 4 is a cross-section representation of a/an

D

. Figure 5 is a cross-section representation of a/an
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Use the information you studied in Unit 006-3A to answer at least 13 of the following

16 questions correctly.

a. What is formed in the area of contact when two different air masses meet?

b. Which air mass takes a characteristic wedge shape when a warm front advances?

c. What type of front occurs when warm air replaces cold air?

d. What type of front occurs when cold air replaces warm air?

e. What type of front occurs when a warm air mass is lifted above two colder air masses?

f. What type of front occurs when neither the cold air mass nor the warm air mass is

advancing?

g. What are the two types of occluded fronts?
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h. What type of front will often produce a squall line in advance of the front?

i. Which type of front usually moves the most rapidly across surface?

j. Which type of front produces cirroform clouds up to 500 miles in advance of the front?

k. Which type of front does not have warm air contacting the surface?

|. Which type of front is usually associated with low ceilings and limited visibility?

m. Which type of front is usually associated with sudden storms, strong gusty winds,

and turbulence?

n. Which type of air mass (after the front has passed) is as with clear air and unlimited

visibility.
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0. When does an occluded front occur?

p. Which type of front usually has a steep frontal slope?
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REVIEW : UNIT 6

Figure 6

1. Refer to the illustration above and fill in the blanks below.

a. Arrow a indicates

visibility.
b. Arrow b indicates visibility.
C. Arrow c indicates visibility.
d. Arrow d indicates visibility.

Figure 7

2. Refer to the illustration above and fill in the blank below.

a. Arrow a represents the effect of

b. Arrow b represents the effect of

c. Arrow c represents the effect of
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3. Refer to the illustrations above and fill in the blank below.

a. Figure 8 represents an accumulation of ice on a wing.
b. Figure 9 represents an accumulation of ice on a wing.
4.  Write the letter that identifies each term in the blank after the characteristic/description for
that term.
a. fog 1. A hard smooth transparent ice.
b. dewpoint 2. A white, nontransparent rough, coarse ice.
c. haze 3. A cloud with its base on the earth's d. drizzle surface.
d. drizzle 4. Water in the form of gas mixed in the air.
f. clearice 5. Ice formed on a surface directly from evaporated water
in the air.
g. rime ice 6. Asmall amount, only sufficient to show that something
exists.
h. water vapor 7. Particles of 1iquid having temperatures below 0.
i. frost 8. Restriction to visibility caused by dust or salt particles
in the air.
j- trace 9. Precipitation in the form of very small drops that

descend very slowly.

10. The saturation temperature of a local air mass.
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Use the information you studied in Unit 006-3B to answer at of the following 16

questions correctly.

What does air-to-air visibility refer to?

What does air-to-ground visibility refer to?

What does horizontal surface visibility refer to?

What does vertical visibility refer to?

. What are the general characteristics of stable air as to visibility?

What are the general characteristics of unstable air as to visibility?

What are the three types of solid particles that are often lifted from the surface and

blown by winds so that they restrict visibility?
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h. What is the term for the downward force that acts on an aircraft?

i. What is the term for the force that moves a flying aircraft forward ?

j. What is the term for the upward force that acts on a flying aircraft?

k. What is the term for the force that opposes the forward movement of a flying aircraft?

|. What type of icing occurs on the outside surfaces of a flying aircraft?

m. What type of icing occurs as a result of surface water being thrown up on an aircraft?

n. What type of icing affects the flow of air to an aircraft's engine?
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0. What type of ice is the result of combined clear and rime ice?

p. What four terms, in the order from not dangerous to very dangerous, are used to describe

icing intensity?
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REVIEW : UNIT 7

Figure 10

1. Refer to the illustration above and fill in the blanks below.

In relation to the airflow:

Aircraft ais on the side
Aircraft b is on the side.
point . point
X Y

Figure 11

2. Refer to the illustration above and fill in the blanks below.

a. Cloud a is a representation of a

b. Claud b is a representation of a

¢, In relation to line X--Y, the windflow shown in the illustration is from point

to point
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3. List each of the following types of turbulence in the appropriate

column below:
convective turbulence
wind shear turbulence
wake turbulence
frontal wind shear turbulence
high-level mechanical turbulence

standing wave turbulence

a. Turbulence produced by
natural processes:

thermal turbulence

clear air turbulence
temperature inversion shear
turbulence

low-level mechanical turbulence

b. Turbulence produced by
objects:

(least)

4. List the following terms used to describe the intensity of turbulence. in the order of
increasing amount of turbulence.
moderate extreme severe
a.
b.
C.
d.

(most)
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5. Use the information you studied in Unit 006-4A to answer at least 15 of the following 19
questions correctly.

a. When is the atmosphere considered to be turbulent? .

b. What kind of turbulence is called "chop” ?

c. When is turbulence considered to be occasional?

d. When is turbulence considered to be intermittent?

e. When is turbulence considered to be continuous?

f.  What are the four terms for reporting the intensity of turbulence ?

g. What are the four types of turbulence?

h. What is the cause of convective turbulence?

i. Whatis the cause of mechanical turbulence?
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j. When does wind shear occur?

k. What do the letters in the abbreviation CAT stand for?

|. What type of clouds are signs of convective currents?

m. What are standing lenticular and rotor clouds a sign of?

n. What causes wake turbulence?

0. What is the shape of the wake turbulence produced by the wing tips of a moving aircraft?

p. Which of the four types of turbulence would be expected in a frontal area?

g. Which of the four types of turbulence would be expected at high altitudes near the jet stream?
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r.  Which of the four types of turbulence would be expected above a line of mountains?

s.  Which of the four types of turbulence would be expected near cumulus clouds?
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REVIEW : Unit 8

Figure 13

Figure 12

1. Refer to figures 12, 13, and 14, and fill

in the blanks below.
a. Figure 12 is a representation of the

stage of a

thunderstorm.

b. Figure 13 is a representation of the

stage of a thunderstorm.

c. Figure 14 is a representation of the

of a thunderstorm.

Figure 14
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Use the information you studied in Unit 006-4B to answer at least 16 of the following

19 questions correctly.

a. What two features always accompany and characterize a thunderstorm?

O

. What types of precipitation normally accompany a thunderstorm?

. What three features must be present for a thunderstorm to form?

@]

d. What three stages make up the life-cycle of a thunderstorm?

e. About how long is the life-cycle of a typical local air mass thunderstorm?

f. About how long is the maximum life-cycle of the thunderstorms that form a squall

line?

g. What kind of drafts predominate in the cumulus stage of a thunderstorm?
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h. What kind of drafts predominate in the dissipating stage of a thunderstorm?

i. In which stage of the life-cycle of a thunderstorm do updrafts and downdrafts exist

at the same time?

j. What material is hail composed of?

k. What are the two greatest hazards to aircraft produced by a thunderstorm?

[. Which thunderstorm hazard may cause temporary loss of vision and/or damage to

electronic equipment?

m. What does a roll cloud indicate?

n. What type of pressure occurs in the spiral cone of a tornado?
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. What is a funnel cloud that touches the ground called?

. What is a funnel cloud that touches the surface of water called?

. What is the technical term for tornadoes that don't touch the surface?

. What is the name of a line of thunderstorms that often develops ahead of a cold

front?

. Why are squall lines considered non-frontal storm?
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English Language
for
RTAF Weather Corps

ANHNBANH HANTLAEANLIN1TRARLNINE

NAIYINANA

Directorate of Air Operations
Control

NINAILANNITUNTANINEINA

N.A.ba
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PREFACE

Royal Thai Air Force maintains vision as “One of the Best Air Forces in ASEAN” by
developing capability of 3 dimensions which are Air Domain, Cyber Domain and Space Domain.
On the basis of balance and sustainability, thus the Air Force will be able to completely carry
out security missions by preparing capabilities and use of such capabilities under the authority
of the Ministry of Defence. Moreover, all departments under the Air Force must adhere to the
mission and unit development. To be accordance with the Air Force Doctrine, B.E. 2560, the
Air Force Plan, B.E. 2560, the 20-Year Air Force Strategy (2018 - 1980) and related development
plans. Also, the objective of English development of the Air Force is to develop the ability to
use English covering all 4 skills (Listening, speaking, reading, and writing) and be able to
communicate and apply to work efficiently.

Weather Division, Directorate of Air Operations Control is taking this practice by using
English language in Aviation Weather Service System and also joint training. English has also
been used in weather briefing and in meteorology technical training to develop personnel
performance and efficiency comparable with the international standards, moreover, it has
been used as a reference in performing duties and in coordinating with foreign partners.

NOINDINIARNTIAIF VIR “ﬂaqﬁwmmm%uﬁﬂugﬁmﬂ” 1AUNISHAUITAAIINAINITE
73 o0 07 Weud ffmnserne (Air Domain) fiflwwues (Cyber Domain) waziifenna (Space Domain)
Uuﬁugmﬁuaﬂmmamauaz%§u Lﬁ@lﬁﬂaqﬁwmﬂ1ﬂmmmﬂgjﬂ’ﬁmiﬁwé’ﬂé’mmmﬁum
lpognaanysal TngmandsuuarldmanesimermeanuundayagAingumneimun Sanmisgnu
aelunesine1niafesdationisufifaisfasasnsimuiviae Tidulumundndeunsssinerniea
WAoo WNUNITTINEINIA W.AlbEolb ENTAENTNDWINGINIA bo U (W.Abdbe - bEco) Uaz
UM Bades Heilmswauniesinguresnesinernia Sidmnedi elimdana
newinernAld Sunswaauansolunsldmensinquaseuaquiis & Winwe (ils A 81U

Jew) Wanunsodeasuasyssyndldlunisujifanulsegnadivsednsnm
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N0491791M1A NsuAIUANNITURUANe A Ladinsuintwdinguunldlunisufdfauly
AIUNITUINIT1991NANTTTU N1SENSIN/SuKEN N15UsTEIeasiyneInakasn1siseuntsaauly
wangasansinginisgndonine) ewudanuannsauazUszansmmvesidmaremiog
Dulumusnesgiuanna wazanusaihlulddddunmsujofnunasindeuszaiununasenala

Air Chief Marshal
(NAPADEJ DHUPATEMIYA)

Commander

Directorate of Air Operations Control
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Mission of Weather Division (711503 Na49179107¢)
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Weather Division is responsible for preparing, coordinating, supervising, controlling and

possessing weather observation and forecasting, weather warning, weather service and

weather instruments maintenance.

N94U1I0INA VT 1ATEUNT UTEauau MAUMs AUANLaEANLTENISALINUNITNTI

91N1A NYINTAUBINTA LIUABUANINDINIA N1TUIN15Y1IDINALAELAS BIT8NTIADINA &

o v v o

nensneseNAduETIdutym SuRnTeu

o

A
Y

Organization Chart (N1339A&U51%019)

Weather Division

N99U1781NA
Adrministrative Branch
fwganTs
. ) ) . Weather Instruments
Weather Service Center Climatology Section Weather Observation Secti
. . , - ) ection
?:TUEJ'U‘iﬂ”I‘a"U'TJﬂTﬂFIﬂ LLNuﬂJ]iJEﬂﬂWﬂ Section LHUARNTIVDINA o
' ‘ LHUAAIDIHDATIVDINF

1. Weather Division (n@431719107#)

1.1 Weather Service Center (Auu3N15¥1701M1#)

1.2 Climatology Section (Wwunie1ne)

1.3 Weather Observation Section ((WUNATIVDINA)

1.4 Weather Instruments Section (LLNuﬂLﬂ%aﬂﬁamwmmﬂ)

1.5 Administrative Branch (f1&/§5019)
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Part li

1. Weather supports (atfuayutoyay1iainie)

Prepare operational weather supports corresponding to mission of Royal Thai Air Force and
other related branch of the Department of Defense.

aruayuteyaiieINAdImIuNIsia ne.wazriiglingves

1.1 Analyse Forecasts and Warnings (1lA51%% e nsaluagiisifion)

Continuously analyse the weather report data from meteorological station in order
to plot various of weather charts for example, surface chart, wind aloft chart, Skew-T Log P
diagram and pressure change chart. Forecast the weather in short, medium and long range
forecast as assigned schedule and to provide to requested organization. Report weather
information to related organization, including issue warning hazardous weather such as tropical
cyclone, strong monsoon and weather-related disasters which bring about the damage to life
and property.

Anneiineimanndeyanisssanuinena wethsndeuasluwmuiionnaluusas
¥iin 1wu unufienmaiafiu usuflautuuy wugfimesTuuniing unuiirunnonadsunaady
Fu nenselanmennianslusszdy sveznan uaysEEzE ausseuUURUsES Lagnuid
mihsnufoweteya Menuteyaanweinaegiseidesliuimisefifeidos nudududou

ANINBINTATULIN L U W']‘EJW&IUL“UGWEJ'L! mammaum LagAuNURA Laﬂf\ﬂﬂﬁﬂ’]W@WﬂWﬁﬁl‘UEﬂﬁ]

Aol AR UASIEMADTINLAZNSTNOAUYDINIITIVANT

A1ANYINLNETaY (Vocabulary)

ANANA ALY AR ALY
Surface chart WHUTBNARINY Tropical cyclone WYL ULUA T
Pressure change WHUAAUNARINA UBUATIHIUYT

4 Weather report data
chart Waguuag 21N1A
Lo Skew-T Log P wunInesly
Wind aloft chart LANUNANTUUU .
Diagram Iaunding
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LUURNYiA

1. What type of weather chart that describe the difference of pressure between today and

yesterday?

a. Surface chart

b. Pressure change chart
c. Skew T Log P diagram
d. Wind aloft Chart

Conversation between A - Flying Officer Yaya (USAF) and B — FS1.Nadej (RTAF)
A: Hello Nadej. What are you doing?

B: Hello Yaya. I’m analyzing the synoptic data

A: That’s great. Did you check the warning?

B: I’ve already checked it.

A: Good Job. Keep doing.

B: Thank you sir.

UNEUNUITERING A - 5.0 1)1 (M0.an3FoLuEN1) way B - W.0.0.040% (Me.lne)
A: afafuny vineglsed

B: a¥afnsug g numddimsigiinnenialsesidalusasu

A eunn Tensideulszniaudaioundods

B: M571980ULSEUS08LAIASY

A: flann ieeluuy

B: vauAMATY
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1.2 Weather monitoring and weather advices (AaauaniweiniAwagln

UaiauakuzAugntleninen)

Constantly monitoring weather hazards and provide meteorological watch,
warning and advisory for RTAF missions, threat-warning and threat-mitigation for example, to
monitor and provide the weather situation in Line Application or RTAF email. Arrange the staff
for weather briefing at the military terminal for aviation mission including prepare staff to brief
the weather forecast at the meeting i.e. Operation Center RTAF.

AnmuanmenALazldalaUakIETaARURATENINET LU NSARMULAEIIENUANIN
amamanenndindulay Swa vide dadmihiiussesaninernaiviteneeunmnslunnsiad
Fosfimaiiuomasuiensiadmihiussosagulunsusyyeing 9 wWu nmsdse an e, Lile

U35 U MN8N S AAVTENANALIdUATIHIINANTNEINA

[

AANANLA82989 (Vocabulary)

AFNT AUNNY ANANA AURUNY
weather briefing UsIBIwaTUaN N meteorological UBLAUDUUTAY
DN advisory 9nfleuInen
military terminal NIDINASIUNINT aviation mission AsAINIINTUU

LUUEndin

2. The weather officer must prepare for the

the weather forecast at the terminal 7.00 am tomorrow.

a. Officer course
b. Pressure change
c. Weather briefing

d. Tropical storm

chart

as the Wing 6 had requested for
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Conversation between A - Flying Officer Yaya (USAF) and B — FS1.Nadej (RTAF)

A: Hello Nadej. What are you typing?

B: I’'m typing the weather forecast for briefing tomorrow.

A: Is there any request?

B: Yes, Wing 6 had requested for the weather forecast from Don Meaung to Udon Thani for
the flight of Air Chief Marshal Airbull Suttiwan.

A: Check it carefully Nadej.

B: Yes sir.

UNAUNUNTENIN A - SR8 91 (Me.anizewisng) uae B - we.e.auay (me.lne)
A: adaRouny fuerlsey

B: hdsfinsinennsnienmAluusseieasufungsiady

A: 1IM3509veNIIe?

B: 19asu neadu 6 veanmernannaeuiies leassnil dmiuiienduveswune.ndu

A: ATIVEDUR 9 UL ULATY

B: SUNSIUASU

2. Technical skills development (Waiumasmanuan leuinen)

Develop the personnel in meteorological aspect, knowledge, technique according to

the changing technology.

[ o w v a a VY LY (3 2/ a ad aa a
Waumdamanugnileuinerlinnivesdainus maia 35015 uagmaluladiiudeundas

og9raLilns
2.1 Weather education and Training (Hnausuyaainsaieauanleuinen)

Provide academic training in meteorology corps which covers the non-commissioned
officer course and officer course. For example, the starter course for the graduate from Air
Technical Training School (ATTS), the weather technician course for the weather forecast task
and the weather officer course for the officer in meteorology corps. Contact with the Thai
Meteorological Department to send the staff for joining the basic and advance meteorology
course or prepare the staff for apply for the IMET scholarship to attend the weather course
that provided by USAF in United State of America. Moreover, projects and workshops in

related fields will be conducted as per the situation and up-to-date knowledge.
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a

InausuyAAINTIUnaNansaeIngIn1sentieninet Tnedalaiinangnsvsluseauunenmg

99

Usemulazenmsdy1dng Wi vangasidmtininrenMatuiugudmivgnauainlsaieusn

[ v

9177 anansldminnAa1Ie1N A MSURNIAEYIMTINg1NTI0NA KAENANEATUIENNIT

Y

a

YA msuenmsdytnslumaanfieninel saendudndeiiaenaluasauanlouinen
TURnwmdnansdu 9 wennedinene wWu ndnansasiutine1tuiulastuguensugnluaing)
nangnIn1ulasang IMET vesansgoisni tludu wenainidudidninlasanisuasdunuids

JuRn1seueneninemseineitesdus

AANNANEaU84 (Vocabulary)

AN ATUNUNY AN AUNUNY
non-commissioned WNYNMTUTENIU weather officer YBNUITV1IINA
officer
weather forecaster | dnwennsalone eligibility AanURgadnas

Conversation between A - Flying Officer Yaya (USAF) and B — FS1.Nadej (RTAF)
A: Hello Nadej. Did you apply for the weather forecaster course?

B: I didn’t. What is this course about?

A: It’s the course that train about weather forecast technique. It’s important for you.
B: I will check the eligibility and apply for it.

A: Good luck.

B: Thank you sir.

1 (v

UNFUNUITZNINS A - 5.9.4009 191 (V0.an3goi3n1) was B — w.0.0.040% (Me.lne)
A adafauny loadnsvangasvilvimaiiatieiniavseds
o o @) [ a [y [
B: fnauaiu ilundngasineniveylsniu
A Wundnansiigewieiumaianisneinsalennia dqguinaeus
B: HuYzATIvdRUANANTALATAIATATY
A: lvafAy

B: vauAMATY
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2.2 Prepare Handbooks, manuals and training documents (3071 Usuuss

LonaI1s1gRlening)

Prepare and document the handbooks, manuals, and instructional-media to be as
standard according to the manual of World Meteorological Organization (WMO) and update
the knowledge from the worldwide journal which can be adapted to Thailand meteorological
aspects including collect the lesson-learned from the staff who attended the domestic and

international meteorology course.

A1 91U SeuiTesiagUsulsauenats M1 adeuasdenisaouniendouinetli

Madouaziluninsgiu Inedandnauesdnisanienineilan wasfanuauianauideain

q

AUsewanaunsadunviuldivesdanuandeninervedveld suudernuialannnisdeiigs

q

walufnwnangnseing 9 visluuazsinaseine

o/

Ardwiineadas (Vocabulary)

AFNA AURUEY AFNN AUNNY
journal UMWY instructional-media GORREGRY
handbook Aile adapt Usuly

UUUEndin
3. The ametsoc.org website provides a ot Of ..o which related to meteorological

contents. All the staff in meteorology corps is encouraged to visit this website to update
their own knowledge.

a. Weather maps

b. Adaptation

c. Weather briefing

d. Journals
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Conversation between A - Flying Officer Yaya (USAF) and B — FS1.Nadaj (RTAF)

A Good Morning, How are you?

B Good Morning, I’'m fine. And you?

A I’m good

B How can | help you?

A Can you provide me the flight route forecast from Korat airport to Payalebar airport
tomorrow?
The take-off time is 10 local time, flight time is 2 hours, at flight level 30,000 feet
and we have Butterworth airport as the alternate airport.

B OK. And what time you will come to pick up the forecast?

A Tomorrow at 7 local time

B 0700 OK tomorrow at 7

A Thank you so much.

B You’re welcome

UNFUNUITENRING A - 5.9.409 191 (V0.an3goi3n1) was B — w.0.0.040% (Me.lne)

A alaRnewdn AnaueAnsely

B a3aR NuaUeR wadREUIEAvToIEN

A au1eh

B Hozlslinudienioan

A dudeensteyanensalanine1niedunsiuauintu a5y U auutuneiauns fu

©® > W > W

W39l 11a139WY 1000 Liamiesdu Tdaa1du 2 Falus Aseaudu 30,000 W Jaurududs
4 [ I~ a o

wWosnoaseluauududises

wnTuteyaanvils

w3ail 13an 0700 LIaviesdiu

lansu wiadl 0700

YOUAL

AEAINUTUR
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Index
Definitions (ReuniA)
antlesInen Meteorology
au Wind
AA9aY WIoLIIal Wind force

NAN19AN

AU UYI
ANEULY
auwUsTUTIUY

AU WIDAUATY
A GNMERELRIGR
aunselyn

auiity

~ =
AHUUN UIVAULRAYUN

AUNZLA VIDAULRAYNTLA

usauggiou
UIAUOANUT
q Y

AUTUUY

1IdY

AR ULUIUDY

e 3
3

3

R GIITIRYRIR

3

V-G IIRTRTE IR

e

(% L3

AU UBNLAN

€

o)

g vieLUviruIde
Lyl
N1TIAL UL ALY
W@ssa (Ci)
w@slsfiyda (Co)
We@sLsansaa (Cs)

[y

ALOALAAILTE (Ac)
\LOALAALATHE (As)
weiansiaAILEa (So)

WAL e (St)

Wind direction

Veering wind

Backing wind

Variable wind

Head wind

Tail wind

Gust wind

Surface wind

Land breeze

Sea breeze — Lake breeze
Summer monsoon
Winter monsoon

Upper wind

Visibility

Horizontal visibility
Vertical visibility

Obique visibility — Slant visibility
Exceptional visibility
Visibility marker — Visibility object
Cloud

Cloud Classification

Cirrus

Cirrocumulus

Cirrostratus

Altocumulus

Altostratus
Stratocumulus

Stratus



wAYaa (Cu)
waidiuluanseaa (Ns)
waiAylafiuda (Cb)
139311 (vir)

I

oA
AINNGIDIL
Furpaiua

e

weidunang

e

ANSLNALUALATNITINAIVD LU
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o
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119 visenenlinii
Huazea MIarungy
AU
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UIUAY ATaUTUUEY

a

nue

@ a

LNANNRUS

v

NANUILLT
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LAATILLDY
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gniiulaggnLAuILIAGN
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WNANTANY

1191793 159119
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Cumulus

Nimbostratus

Cumulonimbus

Virga

Cloud base

Cloud Top

Vertical extent of a cloud
Cloud Layer

Low — level cloud - Low cloud
Medium - level cloud - Middle cloud
High — level cloud - High cloud
Cloud formation and arrangement of clouds
Air temperature

Dry-bulb temperature
Wet-bulb temperature

Freezing point

Boiling point

Melting point

Daily maximum temperature
Daily minimum temperature
Mean daily temperature
Precipitation

Drizzle = DZ

Rain = RA

Shower

Rainfall amount

Snow = SN

Snow Grains = SG

Ice Crystals = IC

Ice Pellets = PE

Hail = GR and Small Hail = GS
Snow Pellets = GS

Flood
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whlvanain
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WA
gofnsean
valen
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Flash flood

Drought

Flash flood
Overbank Flow
Tropical cyclone
Tropical Storm
Typhoon

Tornado

dust devil, whirl wind
Thunderstorm

Dew

Hoar frost

Fog

Mist

Haze
Meteorological Instrument

Thermometer

Thermograph

Thermometer screen — thermometer

shelter

Barometer

Mercury barometer

Aneriod barometer

Anemometer

Wind sleeve — Wind sock

Theodolite

Hygrometer



212

Tensedimoshuutduny Hair hygrometer
IWiLﬁlﬂLmEﬁ‘g’luLu% Ceiling projector

LATBTInUIHY Raingauge
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