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OUTLINE SHEET 3-1-1
ATMOSPHERIC STRUCTURE
A. INTRODUCTION
The purpose of this lesson is to introduce the student to the general composition and structure of
;r;tei r?]té?(;)rssPhere, the properties of temperature and atmospheric pressure, and their effect on aircraft

B. ENABLING OBJECTIVES

2.199 DESCRIBE the characteristics of the troposphere, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.200 DESCRIBE the characteristics of the tropopause, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.201 DESCRIBE the characteristics of the stratosphere, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.202 DESCRIBE the flight conditions associated with the troposphere, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.203 DESCRIBE the flight conditions associated with the tropopause, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.204 DESCRIBE the flight conditions associated with the stratosphere, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.205 DEFINE a lapse rate, in a classroom, in accordance with Naval Aviation Fundamentals,
NAVAVSCOLSCOM-SG-200

2.206 STATE the average lapse rate in degrees Celsius, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.207 DEFINE atmospheric pressure, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.208 STATE the standard units of pressure measurement, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.209 DEFINE the standard atmosphere, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200
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2.210 DIFFERENTIATE between sea level pressure and station pressure, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.211 DEFINE the types of altitudes, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.36 DEFINE indicated altitude, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.212 DESCRIBE the effects of pressure changes on aircraft altimeters, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.213 DESCRIBE the effects of temperature deviations from the standard lapse rate on aircraft
altimeters, in a classroom, in accordance with Naval Aviation Fundamentals,
NAVAVSCOLSCOM-SG-200

C. TOPIC OUTLINE

Atmosphere Overview
Atmospheric Layers
Atmospheric Pressure

Altitude Measurement

o~ D

Altimeter Errors
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The purpose of this lesson is to introduce the student to the general composition and structure of
the atmosphere, the properties of temperature and atmospheric pressure, and their effect on aircraft

altimeters.
B. REFERENCES

1.  Weather for Aircrews, AFH 11-203
2. JPATS Aviation Weather Booklet, JX100

C. INFORMATION

THE ATMOSPHERE

The atmosphere is the gaseous covering of the Earth. This envelope of air rotates with the Earth
but also has a continuous motion relative to the Earth’s surface, called circulation. It is created
primarily by the large temperature difference between the tropics and the polar regions, and is
complicated by uneven heating of land and water areas by the Sun.

Atmospheric Layers

If the Earth were compared to a baseball, the gaseous covering would be about as thick as the

baseball’s cover.
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Figure 1-1 — Thickness of the Earth’s Atmosphere

It is divided into layers that have certain properties and characteristics. The
troposphere is the layer adjacent to the Earth’s surface. It varies in height from an average 55,000

feet over the equator to 28,000 feet over the poles.
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Figure 1-2 — Atmospheric Layers and Lapse Rates

30,000

The average height of the troposphere over the United States is 36,000 feet MSL, but pressure
systems and seasonal differences cause a variance in the height. Due to heating, the troposphere
extends to a greater height in summer than in winter. The atmosphere becomes less dense with
altitude, and roughly 50% of it, by weight, lies below 18,000 feet and 90% within 53,000 feet.
Within the troposphere, the temperature normally decreases with increasing altitude. Large
amounts of moisture and condensation nuclei are found in the troposphere because of its
closeness to the Earth’s surface, and nearly all weather occurs here. Winds are generally light
near the Earth’s surface and increase with altitude. Wind speeds over 200 knots may occur near
the top of the troposphere. An abrupt change in the rate of temperature decrease with increasing
altitude marks the boundary, called the tropopause.

The tropopause is a transition zone between the troposphere and the stratosphere. The
temperature in this layer is constant with altitude. The tropopause is important to aviators for
several reasons. The strongest winds, those of the jet stream, occur just below the tropopause.
Moderate to severe turbulence is sometimes associated with the wind shear caused by the jet
stream. Contrails frequently form and persist near the tropopause since it is normally the coldest
area within the lower atmosphere. While clouds and weather are generally confined to the
troposphere, severe thunderstorm tops may penetrate the tropopause into the stratosphere. You
can sometimes identify the tropopause while in-flight by the following characteristics: the
average height of the tropopause over the US is 36,000 feet MSL, anvil tops of thunderstorms
will spread out at the base of the tropopause, and a haze layer with a definite top frequently
exists at the tropopause.

The stratosphere is characterized by increasing temperature with increasing altitude. This
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increase in temperature is due to the gas ozone, which plays a major part in heating the air at this
altitude. Flying in the stratosphere is generally smooth with excellent visibility. The air is thin
and offers very little resistance to the aircraft. The general lack of weather in this layer makes for
outstanding flying.

Composition

Air is a mixture of gases having weight, elasticity, and compressibility. Pure, dry air contains
78% nitrogen, 21% oxygen, a 1% mixture of 10 other gases. The atmosphere also contains water
vapor amounting to 0% to 5% by volume. Water vapor (for ordinary considerations) acts as an
independent gas mixed with air.

The atmosphere appears clear, but it contains many nongaseous substances such as dust and salt
particles, pollen, etc, which are referred to as condensation nuclei. When these particles are
relatively numerous, they appear as haze and reduce visibility.

Lapse Rates

The decrease in atmospheric temperature with increasing altitude is called the temperature lapse
rate. In order to determine how temperature changes with increasing altitude, meteorologists
send up a weather balloon to take the temperature (among other readings) at different altitudes.
The resulting temperature profile is known as the environmental lapse rate (a.k.a. the existing
lapse rate, or ELR). The average or standard lapse rate is 2° Celsius (3.5° Fahrenheit) per 1000
feet. Even though this is the average lapse rate of the troposphere, close to the surface of the
earth the ELR may indicate an increase, decrease, or a constant temperature when measured at
increasing altitudes. These different ELRs give meteorologists a clue to the type of weather that
exists, and there are names for these various types of ELRs, as well. The standard lapse rate is
actually a shallow lapse rate (between 1.5 and 3.0° C/1000 ft). Any lapse rate greater than 3 °C/
1,000 feet is called a steep lapse rate. An isothermal lapse rate indicates the temperature is the
same at different altitudes, and an inversion is a lapse rate where the temperature increases with
increasing altitude, such as occurs in the stratosphere. Inversions can be anywhere from a few
hundred to a few thousand feet thick, and stable conditions are generally found within them.

There is also a pressure lapse rate, which indicates the decrease in atmospheric pressure with
increasing altitude, to be discussed next. Notice that the values used for lapse rates assume that a
decrease is normal, thus positive lapse rates actually indicate a decrease in the value measured,
and a negative lapse rate (only temperature has this characteristic) would indicate an increase.

Atmospheric Pressure

Pressure is force per unit area. Atmospheric (barometric) pressure is the pressure exerted on a
surface by the atmosphere due to the weight of the column of air directly above that surface. For
example, the average weight of air on a square inch of the Earth’s surface at sea level under
standard conditions is 14.7 pounds. Pressure, unlike temperature, always decreases with altitude.
In the lower layers of the atmosphere pressure decreases much more rapidly than it does at
higher altitudes because density decreases as altitude increases.
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Units of Measurement

In the U.S., two units are used to measure and report atmospheric pressure: inches of mercury
(in-Hg) and millibars (mb). Inches of mercury is a measure of the height of a column of mercury
that can be supported by atmospheric pressure. The millibar is a direct representation of pressure,
which is defined as force per unit area. Normal sea level pressures in the atmosphere vary from
as low as 28 in-Hg (about 960 mb) to as high as 31 in-Hg (about 1060 mb).

Some countries, particularly those using the metric system, use millibars for altimeter settings.
However, in the United States and Canada altimeter settings are reported in inches of mercury.

The Standard Atmosphere

For a standard reference, a concept called a standard day is used. In aviation, everything is
related to standard day conditions at sea level, which are 29.92 in-Hg (1013.2 mb) and 15° C
(59° F). In the lower atmosphere, and thus for most aviation applications, a 1000 foot increase in
altitude will result in a pressure decrease of approximately 1 in-Hg (34 mb) and a temperature
decrease of 2° C (3.5° F). These values are the standard day pressure and temperature lapse rates.

Pressure Charts

The pressure at the Earth’s surface changes for several reasons. The most noted reason for this
change is the movements of high and low pressure systems. The temperature and moisture
content of air also affect surface pressures.

Meteorologists track these different weather systems by noting the pressure each time a weather
observation is made and then forwarding all observations to the national weather service (NWS).
The NWS then plots the weather on various charts. The resulting horizontal distribution of
pressure across the Earth’s surface is depicted on weather charts by isobars, or lines of equal
barometric pressure.
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Figure 1-3 — Pressure Systems

There are several standard types of pressure distribution patterns found on weather charts. A high-
pressure area (or high)-where the pressure in the center is higher than the

surrounding areas—may be thought of as a mountain on a surface pressure chart. Similarly, a
lowpressure

area—where the pressure in the center is lower than the surrounding areas—may be

thought of as a basin or valley. A ridge is an extension of a high-pressure area, and a trough is an
extension of a low-pressure area. There are certain characteristic winds and weather systems
associated with these pressure systems. For example, poor weather such as found with fronts and
squall lines are generally associated with troughs and lows, while good weather is associated

with highs and ridges.

Station and Sea Level Pressure

Station pressure is the atmospheric pressure measured directly at an airfield or other weather
station. Sea level pressure is the pressure that would be measured from the existing weather if the
station were at mean sea level (MSL). This can be measured directly at sea level, or calculated if
the station is not at sea level using the standard pressure lapse rate.

Surface analysis charts use MSL as the reference level for the

depicted isobars (to provide a common reference), even though the pressure was first measured
at a weather station. This is done so that daily pressure variations associated with weather
systems can be tracked as they move across the country, as mentioned above. If, instead, station
pressures were used, the pressure charts would depict the inverse of the land topography,
reflecting the contour lines of a map. Mountain tops would always have lows over them, and
valleys would have highs. In other words, high altitude stations such as Denver would always
reflect lower pressure than surrounding stations at lower altitudes regardless of the day to day
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pressure variations that occur with passing weather systems. Thus, for pressure to be meaningful,
all stations—even those far from the ocean—will report sea level pressure.

ALTITUDE MEASUREMENT

Altitude is defined as the height above a given reference. The instrument that displays altitude in the
cockpit is called an altimeter. The barometric altimeter is an aneroid barometer that is calibrated

to display altitude in feet, as opposed to pressure in inches of mercury.

Figure 1-4 — Barometric Altimeter

Since an altitude includes not only the height number, but also the reference, altimeters have a
Kollsman window that shows the reference pressure, known as the altimeter setting. The altimeter
setting is the value to which the scale of the pressure altimeter is set so the altimeter indicates true
altitude at field elevation. It is very nearly equal to the station pressure corrected to mean sea level
pressure (not exact, but close enough for instructional purposes). An adjustment knob allows the
altimeter setting to be changed. If the local altimeter setting is dialed in to the Kollsman window,
the altimeter will indicate the altitude in feet above mean sea level (ft MSL). If 29.92 is set, the
altimeter will indicate the altitude above the standard datum plane. These are the two altitudes
most often displayed on the altimeter, MSL and pressure altitudes, and both are discussed in the
next section.

Altitudes

Indicated altitude is the altitude read directly from the altimeter. Since altimeters need no power
(except for lighting—they operate by measuring the outside pressure), they will always indicate some
value. For an indicated altitude to be useful, however, the altimeter needs to have the correct reference
for the situation by dialing either the local altimeter setting or 29.92 in to the Kollsman window. This
way, the indicated altitude will be equal to either the MSL or the pressure altitude, which will be
discussed later.
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To illustrate, if an aircraft is parked at Sherman Field with the local altimeter setting in the
Kollsman window, the indicated altitude should be the same as the airfield elevation, and the
indicated altitude will be an MSL altitude. Therefore, the altimeter should indicate approximately 30
feet MSL since Sherman Field is 30 feet above mean sea level.

Altimeters are subject to mechanical errors caused by installation, misalignment, and positioning of
the static ports that measure the pressure. Collectively, these errors are referred to as instrument
error. Instrument error is determined prior to takeoff by noting the difference between field
elevation and indicated altitude. For example, an aircraft taking off from Sherman Field (elevation
+30 ft MSL) with an indicated altitude of 70 ft would have an instrument error of +40 ft. If the
instrument error is in excess of 75 ft, the aircraft is considered unsafe for instrument flight.
Calibrated altitude is indicated altitude corrected for instrument error.

Mean Sea Level (MSL) or True altitude is the actual height above mean sea level (MSL). It is found
by correcting calibrated altitude for temperature deviations from the standard atmosphere. On a
standard day, MSL/true altitude is equal to calibrated altitude. If there is no instrument error, true
altitude would also be equal to indicated altitude. Mean Sea Level/MSL altitude is very important
since airfields, hazards, and terrain elevations are stated in feet above mean sea level.

AGL or absolute altitude is the aircraft’s height above the terrain directly beneath the aircraft and is
measured in feet above ground level (AGL). Absolute altitude is not normally displayed on an
altimeter, but it can be calculated by subtracting the terrain elevation from the true altitude.
Additionally, it can be displayed directly on a radar altimeter.

Pressure altitude is the height above the standard datum plane. The standard datum plane is the
actual elevation above or below the earth’s surface at which the barometric pressure is 29.92 in-Hg.
Federal Aviation Rules (FAR) require that all aircraft operating above 18,000 feet MSL set 29.92 in
to the altimeter to ensure consistent altitude separation. Since most mountains in the U.S. are well
below 18,000 feet MSL, there is less concern with terrain avoidance than with aircraft separation
above that altitude. Thus, a pilot flying a pressure altitude will have an altimeter setting of 29.92
instead of the local altimeter setting. In short, a pressure altitude is the height above the place in the
atmosphere where the pressure is 29.92 in-Hg. Whether this place is above, below, or coincides
with sea level is of little concern.

When aircraft fly pressure altitudes, they are assigned a flight level (FL) of three digits, representing
hundreds of feet above 29.92. As an example, an aircraft assigned FL250 (pronounced “flight level
two five zero”’) would be flying a pressure altitude, and the pilot would fly the aircraft so that the
altimeter reads 25,000 feet with 29.92 in the Kollsman window.
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Figure 1-5 — Altitudes

Density altitude (DA) is pressure altitude corrected for nonstandard temperature deviations. On a
hot day, air molecules are farther apart, decreasing the air density and increasing the density
altitude. In this situation, the DA of an airfield would be higher than both the published field
elevation and the pressure altitude. The opposite is true on a colder day: Increased air density causes
a decreased density altitude and a DA lower than the published field elevation and the pressure
altitude.

Density altitude is not a height reference; rather, it is an index to aircraft performance. It affects
airfoil, engine, propeller, and rotor performance. Thrust is reduced because a jet engine has less
mass (air) to compress. Lift is also reduced due to thinner air. Additionally, higher density

altitudes result in longer takeoff and landing distances and a reduced rate of climb. Takeoff
distances are longer since reduced thrust requires a longer distance to accelerate to takeoff speed.
Landing distances are longer since a higher true airspeed is required to land at the same indicated
airspeed. Climb rate is decreased because of reduced available thrust. At certain high density
altitudes, takeoffs and/or single-engine flight (loss of one engine after becoming airborne) are not
possible due to limitations of thrust, lift, and runway length. Moisture affects aircraft performance in
the same manner as temperature, but to a much lesser degree.
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HIGH TEMPERATURE OR MOISTURE

LOW TEMPERATURE OR MOISTURE

Lower Air Density

Higher Air Density

Higher Density Altitude

Lower Density Altitude

Decreased Thrust and Lift

Increased Thoust and Lift

Longer Takeoffs and Landings

Shorter Takeoffs and Landings

Table 1-1 — Density Altitude Effects on Aircraft Performance

Altimeter Errors

Pressure

When an aircraft flies from one place to another at a constant indicated altitude (by referencing
the barometric altimeter), it is flying along a surface of constant pressure. Figure 1-6 shows the
path of an aircraft as it follows such a constant pressure surface—done by flying a constant
indicated altitude. As the sea level pressure on the surface decreases (all other conditions
remaining the same), the whole column of air aloft is lowered, causing an aircraft flying at an

assigned MSL altitude to descend to a lower AGL altitude. Only by updating the reference of the
altimeter setting can this potential problem be eliminated, and a more constant AGL altitude can

be maintained.

911.5mb

945.5mb

978.3mb

1013.2mb

i)

911.5mb

Ocapens,

#45.5mb

979.3mb

dudlad

Pensacola Sea Level
Pressure 1033.5mb

Jacksonville Sea
Pressure 899.7mb

Figure 1-6 — Constant Indicated Altitude with Decreasing Surface Pressure

This updating is accomplished via radio throughout the flight. Usually, when switching to a

different air traffic controller—about every 50-100 miles—an updated altimeter setting will also be

passed to the aircrew. This ensures that all aircraft in a given area are flying at the correct
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altitudes (up to FL180). A change in pressure of 0.10 in-Hg will change the altimeter reading 100
feet. Therefore, it is imperative to receive a current altimeter setting at your destination prior to
landing. If the altimeter is not adjusted and your flight path takes you into an area of lower MSL
pressure the aircraft will be lower than the altimeter indicates. Conversely, if your flight path
takes you into an area of higher MSL pressure, the aircraft will be higher than the altimeter
indicates. These events are summarized by a set of rhymes.

Rule: High to Low, Look Out Below
The aircraft is lower than indicated, thus the indicated altitude is higher than the aircraft.
» Higher Pressure to Lower Pressure
» MSL = Assigned Altitude (-) Altitude Error
» AGL = MSL (-) Field Elevation
> Indicated Altitude on Deck = Field Elevation (+) Altitude Error
Rule: Low to High, Plenty of Sky
The aircraft is higher than indicated, thus the indicated altitude is lower than the aircraft.
» Lower Pressure to Higher Pressure
» MSL = Assigned Altitude (+) Altitude Error
» AGL = MSL (-) Field Elevation

> Indicated Altitude on Deck = Field Elevation (-) Altitude Error

PRESSURE CHANGE ATLTIMETER ACTUAL MSL ALTITUDE
Flying toward lower MSL Indicates higher than actual Lower than indicated by the
pressure altimeter
Flying toward higher MSL Indicates lower than actual Higher than mdicated by the
pressure altimeter

Table 1-2 — Pressure Change vs. Indicated and MSL Altitude

Temperature

Aircraft altimeters are calibrated for a standard lapse rate. An incorrect altitude indication will
result if the temperature deviates from the standard. For every 11 °C that the temperature varies
from the standard, the altimeter will be in error by 4%. If the air is colder than the standard
atmosphere, the aircraft will be lower than the altimeter indicates. If the air is warmer than
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standard, the aircraft will be higher than the altimeter indicates. You may notice that the rules
presented in the pressure section, above, also apply to temperature deviations.

TEMPERATURE CHANGE

AT TIMETER

ACTUAL MSL ALTITUDE

Flying from standard temp.
toward lower temp.

Indicates higher than actual

lower then indicated

Flying from standard temp.
toward higher temp.

Indicates lower than actual

Higher than indicated

Table 1-3 — Temperature Deviation vs. Indicated and MSL Altitude
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Figure 1-7 — Constant Indicated Altitude with Decreasing Temperature
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Figure 1-8 — Temperature Deviation vs. Indicated and MSL Altitude

As you fly from warm to cold air, an altimeter will read too high—

the aircraft is lower than the altimeter indicates. Over flat terrain, this lower true reading is no
great problem; other aircraft in the vicinity are also flying indicated altitudes resulting from the
same temperature and pressure conditions, and the altimeter readings are compatible because the
errors result from the same conditions.

Since these deviations due to temperature are usually relatively small, these errors are often
ignored in the early stages of flight training, and calibrated altitude is often treated directly as
true altitude. However, toward the advanced stages, tactical accuracy becomes paramount, and
temperature effects cannot be ignored. For example, when flying in cold weather over
mountainous terrain, you must take this difference between indicated and true altitude into
account by calculating a correction to the indicated altitude.
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ATMOSPHERIC STRUCTURE REVIEW
A. INTRODUCTION

The purpose of this lesson is to introduce the student to the general composition and structure of
the atmosphere, the properties of temperature and atmospheric pressure, and their effect on aircraft
altimeters.

B. ENABLING OBJECTIVES
C. STUDY ASSIGNMENT

1. Review JPATS Aviation Weather Booklet, JX100 Chapter JX101.
2. Read JPATS Aviation Weather Booklet, JX100 Chapter JX102.

D. STUDY QUESTIONS

1. At the top of the troposphere, there is a transition zone called the
a. tropopause
b. ozone layer
c. atmospheric layer
d. stratosphere

2. The two lower layers of the atmosphere are the and :
a. tropopause; mesosphere
b. troposphere; stratosphere
c. tropopause; stratopause
d. mesosphere; thermosphere

3. Which one of the following best describes the flight conditions found in the stratosphere?
a. The strongest winds occur in the stratosphere.
b. Contrails frequently form and persist in this part of the atmosphere.
c. 50% of the atmosphere, by weight, is found in the stratosphere.
d. Flying in the stratosphere is generally smooth with excellent visibility.

4. What is the standard temperature lapse rate of the atmosphere in °Celsius per 1000 feet?
a. 1.5
b. 2.0
c.3.0
d. 35
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5. Using the standard lapse rate, a pilot flying at 10,000 ft MSL and at a temperature of -8° C
should do what to find an altitude at which the temperature is +4 °C?
a. Descend to approximately 2000 feet MSL
b. Descend to approximately 4000 feet MSL
c. Descend to approximately 6000 feet MSL
d. Climb to find an inversion

6. A condition where the air temperature aloft is higher than that of the lower atmosphere is
generally referred to as

a. a low-pressure area

b. turbulence

C. a temperature inversion
d. convection currents

7. Which one of the following best describes the change in atmospheric pressure with
increasing altitude?

a. Increases
b. Decreases

c. May increase or decrease, depending on weather conditions
d. Remains constant

8. Which one of the following correctly lists the standard day conditions of sea level pressure,
temperature, pressure lapse rate, and temperature lapse rate?
a. 30.00 in-Hg, 15° C, 1.5 in-Hg/1000', 3.0° C/1000'
b. 29.92 in-Hg, 59° C, 34 in-Hg/100', 5° C/100'
c. 29.92 in-Hg, 15° C, 1 in-Hg/1000', 2° C/1000'
d. 30.02 in-Hg, 20° C, 2 in-Hg/1000", 1° C/1000'

9. The horizontal distribution of pressure on the Earth’s surface is depicted on weather charts by

a. isotherms

b. isotachs

c. isogonic lines
d. isobars

10. The weight of the air mass over any point on the Earth’s surface defines
a. density altitude

b. atmospheric pressure
c. pressure altitude
d. true weight
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11. The quantities 1013.2 mb and 29.92 in-Hg are two different expressions for the
a. atmospheric density at a standard air temperature of 15° C
b. atmospheric pressure at sea level at an air temperature of 0° C
c. standard atmospheric pressure at mean sea level and at a standard air temperature of
15°C
d. weight of the atmosphere at the surface of the Earth

12. In the lower 5000 feet of the atmosphere, a decrease of one inch of mercury in atmospheric
pressure would cause a change in an altimeter reading of approximately feet
(assuming constant elevation and altimeter setting).

a. minus 100
b. plus 100

c. minus 1000
d. plus 1000

13. Which one of the following correctly describes the meteorological feature of a trough?
a. An elongated area of relatively low pressure
b. An elongated area of relatively high pressure that extends from the center of a High
pressure area.
c. An area where the pressure in the center is higher than the surrounding areas
d. A long shallow often V-shaped receptacle for the drinking water or feed of domestic
animals

14. Which one of the following items would have a value closest to that used as a Kollsman
window setting for an altimeter in the U.S. (assuming an airfield above sea level)?
a. Station pressure
b. Station temperature
c. AGL pressure
d. Sea level pressure

15. The height of an aircraft above the ground is known as
a. MSL/True altitude
b. AGL/absolute altitude
c. indicated altitude (1A)
d. pressure altitude (PA)

16. Which one of the following types of altitudes would be assigned in the U.S. above 18,000
feet MSL?
a. MSL/True altitude
b. AGL/absolute altitude
c. Indicated altitude (1A)
d. Pressure altitude (PA)
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17. Density altitude is
a. the same as an MSL/True altitude.
b. pressure altitude corrected for nonstandard field elevations.
c. an indicator of aircraft performance.
d. the height above the standard datum plane.

SITUATION FOR ITEMS 18-20: The altimeter setting at Randolph AFB is 29.85 in-Hg, and at
Vance AFB, the altimeter setting is 30.15 in-Hg. A pilot sets the altimeter correctly at Randolph
and flies to VVance at an indicated altitude of 5000 feet without changing the altimeter setting.

18. Assuming a standard lapse rate, what is the MSL/true altitude when flying over Vance at the
assigned indicated altitude?
a. 4700 feet
b. 5000 feet
c. 5030 feet
d. 5300 feet

19. If Vance’s elevation is 1307' MSL, what is the AGL/absolute altitude over Vance?
a. 3393 feet
b. 3693 feet
c. 3723 feet
d. 3993 feet

20. If the pilot lands successfully at Vance (elevation 1307' MSL) without resetting the altimeter,
what altitude will the altimeter indicate?
a. 0 feet
b. 1007 feet
c. 1307 feet
d. 1607 feet
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Answers:

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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Atmosphere Overview
Composition
Mixture of gases:
78% nitrogen
21% oxygen
1% mixture of 10 other gases
Water vapor as a separate gas 0% to 5% by volume

Earth gasses
Thin gaseous covering
Divided into layers

Troposphere 150,000 T
Layer adjacent to the earth’s surface — &}y

Large amounts of moisture and 120000 f STRATOSPHERE

condensation ]

90,000
Nearly all weather occurs there. / p—
Height: -3 NACREOUS
60,000 =
L
28,000 feet over poles “Z| | TROPOPAUSE
@

55,000 feet over equator 30,000 — BT~ 87 Xl ;
ANDARDLA ‘_‘_-é_-‘ L
Temperature normally decreases with _|TROPOSPHER PSE R4 d{‘: T
- TE L Y EVEREST:
altitude (lapse rate). !

-60 -50 -40 -30 -20 -10 10 20 30 DEGREES C

Winds increase with altitude. [T ] |
-80 -60 -40 -20 0 20

8 e

N

40 60 80 DEGREES F

Tropopause
Transition zone between troposphere and stratosphere.
Identified by abrupt change in lapse rate.
Frequently find turbulence, contrails, and haze.
Average height over USA 36,000 feet MSL.

Jet stream winds occur just below tropopause.
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Stratosphere
Smooth flying conditions
Excellent visibility
Constant temperature to approximately 66,000 feet

Temperature slowly increases with altitude
(above 66,000 feet).

Few aircraft can fly in Stratosphere.
Average top height over USA 158,000 feet MSL

Atmospheric Temperature
Standard lapse rate (troposphere)
Decrease in temperature with increasing altitude.
2° C per 1000 feet
Isothermal lapse rate (stratosphere)
Temperature constant with increasing altitude.
Inverted lapse rate (temperature inversion) (stratosphere)

Temperature increases with increasing altitude.

Atmospheric Pressure

Pressure exerted on the surface by the atmosphere due to the
weight of a column of air directly above that surface.

Always decreases with altitude.
Units of measurement

Inches of mercury

Millibars

Hectopascal (hPa)

Sheet 7 of 10

ISOTHERMAL

Standard
2°C/M1000 Ft

0 3 b0 5 B

TEMPERATURE (C°)

ATMOSPHERIC PRESSURE

1,000° MSL 28.92" Hg

29,428 Hg

SEA LEVEL 29.92™ Hyg 1013.2 mb
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Station Pressure
Atmospheric pressure at an airfield or station

DENVER — T
24.92 ORLEANS

Sea Level Pressure (SLP)
Pressure at mean sea level (MSL)
Measured directly at sea level.
Calculated if the station is not at sea level.

Used for surface analysis charts. S DENVER e e T
29.92 ORLEANS

[l 'sTD.
'y ATMOSPHERE

Pressure Charts

High and low pressure
systems move bringing
weather patterns.

Horizontal distribution of
pressure

Isobars or lines of equal
(sea level) pressure

Symbology
High (blue H)
Low (red L)

Ridge (high pressure/
good weather)

Trough (low pressure/  |NATIONAL WEATHER SERVIC

18002 FEB 12 2012
poor weather) 53 NMC SFC ANAL
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Altitude Measurement
Altimeters
Barometric altimeter
Displays altitude in feet instead of pressure.
Altimeter setting

Corrected for mean sea level. N
N

Sea level pressure equivalent to setting. . '
/7 100 FT 3

03~

@

00
Increasing setting increases the altimeter readout.
Calibration 5 4\
\ ’

For a standard lapse rate Py ' .

4% error for every 11° C temperature variation from standard.

Altimeter Error - Pressure

When flying from one locale to another a change in pressure of 1.0 in-Hg will change the altimeter reading
1000 feet.

Vital to update altimeter settings throughout the flight.
“High to Low Look Out Below”
> Higher Pressure to Lower Pressure

» MSL = Assigned Altitude (-) Altitude Error
» AGL = MSL (-) Field Elevation
» Indicated Altitude on Deck = Field Elevation (+) Altitude Error

“Low to High Plenty of Sky”
» Lower Pressure to Higher Pressure

» MSL = Assigned Altitude (+) Altitude Error
» AGL = MSL (-) Field Elevation

» Indicated Altitude on Deck = Field Elevation (-) Altitude Error
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Altimeter Error - Temperature ALTIMETER LOW

Colder than the standard atmosphere: READS

Aircraft will be lower
Warmer than standard atmosphere:

Aircraft will be higher
{4,500" MSL |

Flight Information Handbook contains altitude
corrections for extreme cold temperatures
(<0°C).

® COLD STANDARD WARM
AR - AR AIR

028 _ L 29920NFY  29.92IN

. SAME'SEA LEVEL PRESSURE"
Altitude Definitions
Indicated altitude: As read on altimeter
Absolute altitude: Above ground level (AGL)

. ABSOLUTE
True altitude: Above Mean Sea Level (MSL) ALTITUDE PRESSURE
Pressure altitude: Above Standard Datum Plane ?L ALTITUDE
TRUE ~ 29.92
Density Altitude: Not a height reference ALTITUDE
F MSL
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ATMOSPHERIC MECHANICS
A. INTRODUCTION

The purpose of this lesson is to introduce the student to the general structure of the atmosphere
and the properties of wind, clouds, atmospheric stability and their effect on flight operations.

B. ENABLING OBJECTIVES

2.214 EXPLAIN the term pressure gradient, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.215 EXPLAIN and identify gradient winds and Buys Ballot's Law with respect to the isobars
around pressure systems in the Northern Hemisphere, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.216 EXPLAIN and identify the surface wind direction with respect to the gradient winds in a
pressure system in the Northern Hemisphere, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.217 DESCRIBE the jet stream, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.218 DESCRIBE sea breezes, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.219 DESCRIBE land breezes, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.220 DESCRIBE mountain winds, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.221 DESCRIBE valley winds, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.222 DEFINE saturation, in a classroom, in accordance with Naval Aviation Fundamentals,
NAVAVSCOLSCOM-SG-200

2.223 DEFINE dew point temperature, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200
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2.224 DEFINE dew point depression, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.225 DEFINE relative humidity, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.226 DESCRIBE the relationship between air temperature and dew point temperature with
respect to saturation, in a classroom, in accordance with Naval Aviation Fundamentals,
NAVAVSCOLSCOM-SG-200

2.227 DESCRIBE the three characteristics of precipitation, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.228 DESCRIBE the types of precipitation, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.229 DESCRIBE the four principal cloud groups, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.230 DESCRIBE the weather conditions associated with various clouds, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.231 DESCRIBE the types of atmospheric stability, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.232 DESCRIBE the four methods of lifting, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.233 DESCRIBE the flight conditions associated with a stable atmosphere, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.234 DESCRIBE the flight conditions associated with an unstable atmosphere, in a classroom,
in accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

C. TOPIC OUTLINE

Winds
2.  Large Scale Wind Patterns

=

3. Pressure Gradients and Jet Stream
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Local Winds
Atmospheric Moisture
Clouds and Precipitation
Atmospheric Stability
Flight Conditions
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INFORMATION SHEET 3-2-2
ATMOSPHERIC MECHANICS
A. INTRODUCTION

The purpose of this lesson is to introduce the student to the general structure of the atmosphere
and the properties of wind, clouds, atmospheric stability and their effect on flight operations.

B. REFERENCES

1.  Weather for Aircrews, AFH 11-203
2. JPATS Aviation Weather Booklet, JX100

C. INFORMATION

WINDS

Understanding the causes of wind and wind direction is essential to the safe operation of an
aircraft. Takeoffs and landings are best performed into a headwind, whereas landing with a
strong crosswind can be dangerous, to say the least. In addition, the circulation of air brings
about changes in weather by transporting water vapor, and, therefore, wind plays an important
role in the formation of fog, clouds, and precipitation.

So how does one determine the wind direction? Wind direction is always expressed in terms of
the direction from which it is blowing. This convention holds throughout the world—civilian or
military, weather or navigation, aviation or sailing—wind always blows from a particular
direction. Thus, it would be best for a student to master this particular concept as early as
possible in a career where wind is an everyday concern.

There are many different ways that weather phenomenon, such as wind, are annotated on charts
or in print. One of these methods is the use of a station model. Since the basics of station models
will be used throughout this course, they will be discussed in the next section. In Chapter 7,
when other chart features are explained, it will be assumed that station models are understood.

Station Models

Some weather charts display the information gathered from individual weather stations through
the use of the station model, shown in Figure 2-1. This model begins with a circle (or a square
for automated stations) at the center to represent the location of the station that issued the
weather report. Around the station symbol, data describing wind, temperatures, weather, and
pressures are displayed in a pictorial shorthand (Figure 2-2) to provide the maximum amount of
data in a minimum of space.

Another noticeable feature of the station model is a line coming out of the circle indicating the
wind direction. Since the station models are aligned for ease of reading, north is at the top of the
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page. Therefore, in Figure 2-1, the winds are from the northwest. At the end of this stick are any
numbers of barbs, which come in three shapes, to indicate the wind speed. A long barb
represents 10 knots, short barbs are 5 knots, and pennants are 50 knots.

The numbers to the left of the station symbol indicate the temperature (top left) and dew point
(bottom left). In between the temperature and dew point, there may be a symbol from Figure 2-2
representing the present weather at the station. Additionally, the circle (or square) may be filled
in to represent the amount of sky that is covered by clouds, in eighths. An empty circle would
mean clear skies, while a fully darkened circle would indicate a completely overcast sky (also
from Figure 2-2).

The right-hand side of the station model describes the pressure at the station. On the top right,
there will be three digits to represent the sea level pressure (SLP) in millibars and tenths. Since
SLP will always be somewhere around 1000 millibars, the hundreds digit (and thousands, if
present) is dropped, and the decimal point is also omitted. Thus, depicted pressures beginning
with large numbers (such as a 9) really start with a hidden “9”, and pressures beginning with
small numbers (such as a 1) actually have a “10” in front of them. Below the current SLP is the
pressure tendency over the last 3 hours, beginning with a (+) or (-) sign to denote an overall rise
or fall, and then the value of that total pressure change. After this notation is a set of two
connected line segments that graphically show the pressure change over those three hours, as
indicated on the right-hand side of Figure 2-2.
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Sea Level Pressure: 1014.7 mb

Temperature
T34
Present Weather—*
+28 /.

32
Dew Point—
Pressure Change (3 Hrs)
Sky Cover

Figure 2-1 — Station Model

147

FOR TRAINING USE ONLY 231



TRAINEE GUIDE

Q-9B-0020K

Information Sheet 3-2-2

Sheet 4 of 24

AUTOMATED
SKY CONDITION

MAMUAL
SKY CONDITION

PRESENT WEATHER

PRESENT TENDENCY

8/8 (OVERCAST)

[ ]
RISING, THEN
@ RAIN RAIN SHOWERS /\ s
D OR CLEAR V FALLING {+)
9 oRiZZLE § HURRICANE [/ STEaY
118 TO 4/8
[H OR INCLUSIVE
(SCATTERED) 3 sNOwW v SQUALL / RISING {+)
FALLING, THEN
58 TO 7/8 AICE PELLETS 3 FunnEL cLOuD \/ RISING [4)
u OR INCLUSIVE
(EROKEN)
Fa¥
AV BLOWING SNOW | ===  STEADY

&THUNDERSTC-RM = roG

FALLING, THEN
\/ RISING (-}

R o

SKY OBSCURED
OR PARTIALLY
OBSCURED

BLOWING DUST
P\ FreEziNG DRIZZLE -S’-OR SAND

FALLING, THEN
STEADY (-

E OR

® | @ ® | & | & | O

DATA MISSING

79\%/ FREEZING RAIN E DUST DEVIL

\ FALLING {-)

V SNOW SHOWERS m SMOKE

RISING, THEN
FALLING {-}

L
THUNDERSTORM
AND RAIN

X HAZE

(#) HIGHER THAN
3 HOURS AGO

(+ LOWER THAN
3 HOURS AGO

Figure 2-2 — Major Station Model Symbols

Large Scale Wind Patterns
Now that we have presented an understanding of station models, it may be easier to understand
how pressure and wind fit together by imagining how a surface analysis chart is constructed,
such as the one pictured in Figure 2-3. While most of these are built automatically by computer,
picture a meteorologist at the National Weather Service starting with a U.S. map covered only
with station models. The first thing she would do is to start playing “connect the dots” by finding
stations with the same pressures, and drawing isobars between them (as discussed in Chapter 1).
These isobars are drawn, as a standard, with 4 millibars of space between each line, and they are
labeled accordingly. At this point, it would become clear where the low and high pressure
systems are located, and she could draw either a big red “L” or a blue “H” to signify these
locations. Finally, she could draw other symbols, such as fronts and troughs, as needed,
depending on the chart type. However, we now have enough of a picture to move onward in the

discussion of winds.
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Figure 2-3 — Typical Surface Analysis Chart

Notice that the winds in Figure 2-3 are moving in generally the same direction in the areas
between each of the pressure systems. If you look closely, you may even notice that the winds
are moving almost parallel to the isobars, in most situations. After enough observation, you may
also recognize a pattern of air circulation around high and low- pressure systems. In fact, each of
these characteristics is a result of pressure differences causing the air to circulate in a consistent
pattern: parallel (or almost parallel) to isobars, clockwise around high pressure, and
counterclockwise around low pressure. Next, we will discuss why winds blow in this fashion.

Pressure Gradients

The spacing of isobars indicates the rate of pressure change over a horizontal distance. In Figure
2-4, the isobars are more closely spaced to the east than they are to the west, indicating that
pressure changes more rapidly on the eastern side. The rate of pressure change in a direction
perpendicular to the isobars (horizontal distance) is called the pressure gradient, and this isobar
spacing represents the size of the pressure gradient force (PGF). The PGF is steep, or strong,
when isobars are close together, and is shallow, or weak, when the isobars are far apart-the
steeper the gradient, the stronger the winds. The PGF is the initiating force for all winds.
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1012 mb
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1024 mb
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s |
WEAK OR SHALLOW STRONG OR STEEP
PRESSURE GRADIENT PRESSURE GRADIENT

Figure 2-4 — Pressure Gradient Force

Atmospheric circulation moves air in mainly two ways: ascending and descending currents.
When the air descends, the downward force against the Earth creates a high- pressure system on
the surface. The air then can only spread out and diverge, moving across the surface of the earth,
producing the horizontal flow of air known as wind. Likewise, air moving upward, away from
the Earth results in a low at the surface, and air tries to converge toward the center of the low,
also producing wind.

However, the wind cannot and does not blow straight out of a high and into a low. These motions
are only the result of the pressure gradient force, pictured for each pressure system in Figure 2-5.
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Pressure Gradient Force

erpendicular to Isobars
Into Low Pressure
Out of High Pressure

Figure 2-5 — Pressure Gradient Force

Gradient Winds

While the pressure gradient force causes air to flow from high pressure to low pressure across the
isobar pattern, another force acts upon the wind to determine its direction. The Coriolis force,
created by the Earth’s rotation, diverts the air to the right-with respect to its initial direction of
motion-regardless of whether the air is near a high or a low pressure system. The result of these
two forces is the gradient winds, which flow perpendicular to the pressure gradient force. This
also means that gradient winds flow parallel to the isobars (Figure 2-6), and the resulting
circulation flows clockwise around highs, and counterclockwise around lows. Finally, gradient
winds are found above 2000 feet AGL.

FOR TRAINING USE ONLY 235



TRAINEE GUIDE Q-9B-0020K

Information Sheet 3-2-2 Sheet 8 of 24

Gradient Winds: Above 2,000" AGL
2\

N
i
e Parallel to Isobars

CCW around Lows
CW around Highs

Figure 2-6 — Gradient Winds Flow Parallel to Isobars (Found Aloft)

Surface Winds

When we consider winds below 2000 feet AGL, we cannot ignore the role of surface friction in
the analysis of wind direction. Surface friction reduces the speed of the wind, which causes a
reduction in the Coriolis force. This results in a different set of forces that must be balanced: the
PGF, Coriolis force, and friction. When the new balance of forces is reached, the air blows at an
angle across the isobars from high pressure to low pressure. This angle varies as a result of the
type of terrain, but for our purposes, we will assume a 45° angle (Figure 2-7). Another way to
think of this effect is that the Coriolis force still tries to turn the wind to the right, from its initial
intended direction of the PGF, but it does not turn to the right quite as much as with gradient
winds. Thus, surface winds still move clockwise around highs, and counterclockwise around
lows, but since they blow across the isobars at a 45° angle, they also have a component of
motion that moves air out of the high pressure and into the low.
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sSurface Winds: Below 2,000° AGL

“Crossing Isobars (45)
CCW around and into Lows
CW around and out of Highs
Gradient: N E S W
Surface: NW NE SE SW

Figure 2-7 — Surface Winds Are Deflected Across Isobars Toward Lower Pressure
And Relate To The Gradient Winds Above It

Buys Ballot’s Law, A Rule Of Thumb

A rule of thumb to help remember the direction of the wind in relation to a pressure system is Buys
Ballot’s Law. This law states that if the wind is at your back, the area of lower pressure will be to your
left. When standing on the Earth’s surface, the low will be slightly forward or directly left because the
winds flow across the isobars.

Movement of Pressure Systems and Large Scale Wind Patterns

Weather in the Temperate Zone (which includes the U.S.) and farther north, changes almost
constantly with the passage of highs and lows. These migrating systems move from west to east
with the prevailing westerly winds. They are accompanied by wind shifts, and with some
exceptions, large and rapid changes in temperature and broad areas of precipitation. These
systems furnish the most significant means of heat transfer between high and low latitudes.
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The Jet Stream

Wind speeds generally increase with height through the troposphere, reaching a maximum near
the tropopause, and often culminating in the jet stream. The jet stream is a narrow band of strong
winds of 50 knots or more that meanders vertically and horizontally around the hemisphere in
wave-like patterns. The jet streams (polar and subtropical) have a profound influence on weather
patterns.

These winds average about 100-150 knots but may reach speeds in excess of 250 knots (Figure
2-8). Since the jet stream is stronger in some places than in others, it rarely encircles the entire
hemisphere as a continuous river of wind. More frequently, it is found in segments from 1000 to
3000 miles in length, 100 to 400 miles in width, and 3000 to 7000 feet in depth.

The average height of jet stream winds is about 30,000 feet MSL, but they can be above or below
this level depending on the latitude and the season. During the winter, the position of the jet
stream is further south, the core descends to lower altitudes, and its speed is faster than in the
summer.

ALTITUDE Wind shear occurs in areas where the EAST
25,000FT TO wind velocities are different
35,000FT ALTITUDE
25,000 FT TO
30,000FT
-

Figure 2-8 — Jet Stream

The existence of jet streams at operational altitudes requires additional aircrew flight planning
consideration. The greater headwind component for westbound aircraft will increase fuel
consumption and may require additional alternate landing fields along the route. Wind shear
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associated with the jet stream may also cause turbulence, forcing the aircrew to change altitude
or course.

Local Winds

The term “local,” in the case of wind systems, applies to areas whose sizes range from tens of
miles across, to long, geographically thin areas. The local wind systems created by mountains,
valleys, and water masses are superimposed on the general wind systems and may cause
significant changes in the weather.

Sea and Land Breezes

The differences in the specific heat of land and water cause land surfaces to warm and cool more
rapidly than water surfaces through insulation and terrestrial radiation. Therefore, land is
normally warmer than the ocean during the day and colder at night. This difference in temperature is
more noticeable during the summer and when there is little horizontal transport of

air in the lower levels of the atmosphere. In coastal areas, this difference of temperature creates a
tendency for the warmer, less dense air to rise, and the cooler, denser air to sink, which produces
a pressure gradient. During the day, the pressure over the warm land becomes lower than that
over the colder water. The cool air over the water moves toward the lower pressure, replacing the
warm air over the land that moved upward. The resulting onshore wind, blowing from the sea, is
called a sea breeze, with speeds sometimes reaching 15 to 20 knots (Figure 2-9).

/AII' heated over Iand
and rlsmg ‘

" Cooler air over water

moving toward land

"SEA BREEZE"
—

RER COOLER

Figure 2-9 — Sea Breeze
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NIGHT

Air cooled and Warm air over
descending water rising
P—-

Flgure 2- 10 — Land Breeze

At night, the circulation is reversed so that the air movement is from land to sea, producing an
offshore wind called the land breeze (Figure 2-10). The sea breezes are usually stronger than the
land breezes, but they seldom penetrate far inland. Both land and sea breezes are shallow in
depth, and their existence should be considered during takeoff and landing near large lakes and
oceans.

Mountain and Valley Winds

In the daytime, mountain slopes are heated by the Sun’s radiation, and in turn, they heat the
adjacent air through conduction. This air usually becomes warmer than air farther away from the
slope at the same altitude, and, since warmer air is less dense, it begins to rise (Figure 2-11). It
cools while moving away from the warm ground, increasing its density. It then settles
downward, towards the valley floor, completing a pattern of circulation (not shown in Figure 2-
11). This downward motion forces the warmer air near the ground up the mountain, and since it
is then flowing from the valley, it is called a valley wind.
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Figure 2-11 — Mountain and Valley Winds

At night, the air in contact with the mountain slope is cooled by outgoing terrestrial radiation and
becomes more dense than the surrounding air. As the denser air flows downhill, from the top of
the mountain, it is called the mountain wind, and a circulation opposite to the daytime pattern
forms.

These winds are of particular importance for light aircraft, helicopter, and low-level operations.
In mountainous areas where the performance of some fixed-wing aircraft or helicopters is
marginal, the location of mountain and valley winds can be critical.

ATMOSPHERIC MOISTURE

Moisture is water in any of its three states: solid, liquid, or gas. As water changes from one state
to another, it releases (or absorbs) heat to (or from) the atmosphere. For example, when water in
the atmosphere freezes, it releases heat into the air, and the air becomes warmer. Air can hold
only a certain amount of water, however, depending on the air temperature. The higher the
temperature, the more water vapor the air can hold (Figure 2-12). The air reaches saturation
when it contains the maximum amount of water vapor it can hold for that temperature.

HYDROLOGICAL CYCLE
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o
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Medium
Temperature Temperature Temperature

Figure 2-12 — Example of Increased Water Vapor Capacity of Warmer Air

The dew point temperature (Tp) is the temperature at which saturation occurs. The dew point is a
direct indication of the amount of moisture present in the air. The higher the dew point, the
greater chances for clouds, fog, or precipitation.

If there is a difference between the air temperature and the dew point temperature, this is known
as the dew point depression, or dew point spread, and the dew point will always be the lower of
the two. The dew point can never be higher than the air temperature: only equal to or less than.
This spread provides a good indication of how close the atmosphere is to the point of saturation.
When the dew point depression reaches about 4° F, the air is holding close to the maximum
amount of water vapor possible. If this spread continues to decrease, moisture will begin to
condense from the vapor state to the liquid (or solid) state, and become visible. This visible
moisture can form dew or frost on exposed surfaces, fog near the ground, or clouds higher in the
atmosphere.

Another measure of atmospheric moisture is the relative humidity (RH), which is the percent of
saturation of the air. The air can become saturated (RH = 100%) by one of two ways. If the air is
cooled, the falling air temperature decreases the dew point spread closer to zero, while the RH
rises closer to 100%. If evaporation occurs, this adds moisture to the atmosphere, increasing the
dew point, which again lowers the dew point spread and increases the RH. Once the dew point
spread reaches 4° F, the RH will be 90%, and the water vapor will begin to condense into fog or
clouds. Any further cooling or evaporation will produce precipitation, as there will be more
water present in the air than it can hold.

Characteristics and Types of Precipitation
The characteristics and types of precipitation reveal information about various atmospheric
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processes. The nature of precipitation may give a clue about a cloud’s vertical and horizontal
structure, or indicate the presence of another cloud deck aloft. The three characteristics of
precipitation are:

1. Showers - Characterized by a sudden beginning and ending, and abruptly changing intensity
and/or sky conditions. Showers are associated with cumuliform clouds.

2. Continuous - Also known as steady (not showery). Intensity changes gradually, if at all.
Continuous precipitation is associated with stratiform clouds.

3. Intermittent - Stops and restarts at least once during the hour. Intermittent precipitation may
be showery or steady, and therefore may be associated with cumuliform or stratiform clouds.

Precipitation takes many forms. Only a few of the more common types of precipitation are
mentioned here.

1. Drizzle — Very small droplets of water that appear to float in the atmosphere.

2. Freezing drizzle — Drizzle that freezes on impact with objects.

3. Rain — Precipitation in the form of water droplets that are larger than drizzle and fall to the
ground.

4. Freezing rain — Rain that freezes on impact with objects.

5. Hail or graupel — A form of precipitation composed of irregular lumps of ice that develop in
severe thunderstorms, consisting of alternate opaque and clear layers of ice in most cases.
Water drops, which are carried upward by vertical currents, freeze into ice pellets, start
falling, accumulate a coating of water, and are carried upward again, causing the water to
freeze. A repetition of this process increases the size of the hailstone. It does not lead to the
formation of structural ice, but it can cause structural damage to aircraft.

6. Ice pellets or sleet — Small translucent and irregularly shaped particles of ice. They form
when rain falls through air with temperatures below freezing. They usually bounce when
hitting hard ground and make a noise on impact. Ice pellets do not produce structural icing
unless mixed with super-cooled water.

7. Snow — White or translucent ice crystals, usually of branched hexagonal or star-like form
that connect to one another forming snowflakes. When condensation takes place at
temperatures below freezing, water vapor changes directly into minute ice crystals. A
number of these crystals unite to form a single snowflake. Partially melted, or “wet” snow,
can lead to structural icing.

8. Snow grains — Very small white, opaque grains of ice. When the grains hit the ground, they
do not bounce or shatter. They usually fall in small quantities from stratus-type clouds,

never as showers.

Precipitation, depending on the type and intensity, affects aviation in many ways:
Visibility in light rain or drizzle is somewhat restricted. In heavy rain or drizzle, it may drop to a

few hundred feet. Rain or drizzle streaming across a windscreen further restricts forward
visibility. Snow can greatly reduce visibility and can lead to a total lack of forward vision.
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Very heavy rain falling on a runway may cause hydroplaning. During hydroplaning, the tires are
completely separated from the runway surface by a thin film of water. Tire traction becomes
negligible, and the wheels may stop rotating. The tires now provide no braking capability and do
not contribute to directional control of the aircraft. Loss of control may result.

If there is enough wet snow on the runway, it tends to pile up ahead of the tires during takeoff.
This can create sufficient friction to keep the aircraft from reaching rotation speed and becoming
airborne.

Heavy rain ingested into the engines of a jet or turboprop aircraft in flight can cause power loss
or even flameout.

Hail can cause serious damage to any aircraft, but so can rain if it is penetrated at very high
speed.

CLOUDS

Clouds may be defined as the visible manifestation of weather. With some knowledge of the
weather conditions that cause clouds to develop, a pilot can get an excellent picture of the
weather environment and can make a reasonable forecast of the weather conditions to follow.
The most important element in the formation of clouds is water vapor.

General Theory of Clouds

Clouds are condensed water vapor, consisting of water droplets or ice crystals. They form when
the air becomes saturated either by being cooled to the dew point or through the addition of
moisture. Most clouds are the result of cooling from some lifting process, such as surface
heating. The excess moisture condenses on minute particles in the atmosphere, thus forming
droplets.

Condensation Nuclei

Water vapor requires a surface on which to condense. An abundance of microscopic solid
particles, called condensation nuclei, are suspended in the air and provide condensation surfaces.
Condensation nuclei consist of dust, salt crystals from the sea, acid salts from industrial waste,
ash and soot from volcanoes and forest fires, rock particles from wind erosion, and organic
matter from forests and grass lands. The most effective condensation nuclei are the various salts
since they can induce condensation or sublimation even when air is almost, but not completely,
saturated.

Types of Clouds

Clouds provide visible evidence of the atmosphere’s motions, water content, and degree of
stability and are therefore weather signposts in the sky. They can be numerous or widespread,
form at very low levels, or show extensive vertical development.

Knowledge of principal cloud types helps the aircrew member when being briefed to visualize
expected weather conditions. Knowledge of cloud types will also help the pilot recognize
potential weather hazards in flight. Clouds are classified according to their appearance, form, and
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altitude of their bases, and may be divided into four groups:

1. Low clouds, ranging from just above the surface to 6500 feet AGL.
2. Middle clouds with bases between 6500 and 20,000 feet AGL.

3. High clouds found above 20,000 feet AGL.

4. Special clouds with extensive vertical development.

The height of the cloud base, not the top, determines the classification. A cloud with a base at
5000 feet AGL and a top at 8000 feet AGL is classified as a low cloud. Each group is subdivided
by appearance. There are two principal cloud forms:

1. Cumuliform — A lumpy, billowy cloud with a base showing a definite pattern or structure.
2. Stratiform — A cloud with a uniform base, formed in horizontal, sheet-like layers.

Low Clouds

Cloud bases in this category range from just above the surface to 6500 feet AGL (Figure 2-13).
Low clouds are mainly composed of water droplets. The low clouds have no special prefix
attached to their name. However, if the word nimbo or nimbus appears, beware that these clouds
are producing violent, or heavy, precipitation.

-

Figure 2-13 — Stratus Clouds
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Low clouds frequently present serious hazards to flying. The most serious hazard is the

proximity of the cloud base to the surface of the Earth. Some of the low cloud types hide hills,
making a collision with the terrain a very real danger, and visibility within low clouds is very

poor. Low clouds may also hide thunderstorms. If the clouds are at or below freezing

temperatures, icing may result. Icing accumulates faster in low clouds since they are generally denser
than middle and high clouds. Turbulence varies from none at all to moderate turbulence.

Expect turbulence in and below the clouds. Precipitation from low clouds is generally light rain

or drizzle.

Middle Clouds

In this category, cloud bases form between 6500 and 20,000 feet AGL. The names of the middle
clouds will contain the prefix alto- (Figure 2-14). They are composed of ice crystals, water
droplets, or a mixture of the two.

Figur 2-14 — Altocumulus Clouds

A special cloud, nimbostratus, produces continuous rain, snow, or ice pellets. The cloud base
will extend down to about 1000 feet AGL, and fog is often present. Expect poor visibility and
low ceilings with very slow clearing.

Visibility in middle clouds varies depending on cloud density from %2 mile to a few feet.
Turbulence may be encountered in middle clouds. Frequently these clouds are dark and turbulent
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enough to make formation flying difficult. Icing is common due to the presence of super-cooled
water droplets. Rain, rain and snow mixed, or snow can be encountered in thick middle clouds.

Virga, which is rain or snow that evaporates before reaching the ground, may be encountered
below these clouds.

High Clouds
In this category, cloud bases average 20,000 to 40,000 feet AGL. The names of the high clouds
will contain the prefix cirro- or the word cirrus (Figure 2-15).

High clouds have little effect on flying except for moderate turbulence and limited visibility
associated with dense jet stream cirrus. Since high clouds are composed mostly of ice crystals,
they have no precipitation and do not constitute an icing hazard. Severe or extreme turbulence is
often found in the anvil cirrus of thunderstorms.

Figure 2-15 — Cirrus Clouds

Special Clouds with Extensive Vertical Development

This category consists of towering cumulus and cumulonimbus clouds. The bases of these clouds
are found at the low to middle cloud heights and their tops extend through the high cloud
category. Figure 2 - 16 shows cumulonimbus clouds.
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0 e 8 ' o A
Figure 2-16 — Cumulonimbus Clouds

Towering cumulus are clouds nearing the thunderstorm stage. They can produce heavy rain
showers and moderate turbulence in and near the cloud. Icing is common above the freezing
level.

Cumulonimbus clouds are thunderstorm clouds. A cumulonimbus cloud is sometimes referred to
as a “CB.” Cumulonimbus is an exceedingly dangerous cloud, with numerous hazards to flight
such as severe to extreme turbulence, hail, icing, lightning, and other hazards to be discussed in
Chapter 4.

Cloud Groups
Clouds with Extensive
High Clouds Middle Clouds Low Clouds Vertical Development
Visibility Good to Fair Y2 mile to a few feet A few feet A few feet
Icing None to Light None to Moderate None to Moderate Severe
Turbulence None to Light None to Moderate None to Moderate Severe

Table 2-1 — Cloud Families
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ATMOSPHERIC STABILITY

One of the most important meteorological considerations to a pilot is that of stability or
instability. Atmospheric stability is one of the primary determinants of weather encountered in
flight. In some cases, a pilot may be able to determine if stable or unstable conditions exist along
the route of flight.

There are three conditions of stability: stable, neutral stable, and unstable. We will consider each
of these individually by observing a ball inside a bowl. If the ball is displaced, and tends to return
to its original position, the ball is said to be stable (Figure 2-17).

TENDENCY TO RETURN EQUILIBRIUM ENCOUNTERED AT ANY
/ TO EQUILIBRIUM \ POINT OF DISPLACEMENT

Y \

‘\ ‘/. & o &
w | ~_ A o

L EQUILIBRIUM EQUILIBRIUM
Figure 2-17 — Stable Equilibrium and Neutrally Stable Equilibrium

If a ball on a flat table is displaced, it will tend to remain in its new position and is said to be
neutrally stable (Figure 2-17). It will not have a tendency to return to its original position, or
move away from its final position.

Now, consider an inverted bowl with a ball balanced on top. Once the ball is displaced, it will

tend to move away from its original position, never to return, and the ball is said to be in an
unstable condition (Figure 2-18).

TENDENCY AWAY FROM
EQUILIBRIUM

|

EQUILIBRIUM
Figure 2-18 — Unstable

o,
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In weather, parts, or parcels, of an air mass become displaced through one of four methods of
lifting. The stability of a quantity of air after it is lifted is determined by the temperature of the
surrounding air. Lifted air that is colder than the surrounding air settles when the lifting action is
removed, since it is denser. This indicates a stable condition. Lifted air that is warmer than the
surrounding air continues to rise when the lifting action is removed because it is less dense
indicates an unstable condition. This lifted air that continues to rise has reached the point of free
convection, which occurs when the lifted air rises with no external lifting force, due only to the
parcel’s warmer temperature. Lifted air that has the same temperature as the surrounding air after
it is lifted will simply remain at the point where the lifting action was removed. This is an
example of a neutrally stable atmosphere. If the air behaves in one of these three ways, then we
can say that the atmosphere has that same condition of stability (Figure 2-19).

UNSTABLE
Air is pushed up, then returns Air is Air is pushed up and
to its original position. pushed q stays at that level.
up and
continues
STABLE to rise. ’ NEUTRAL
¥l

Figure 2-19 — Stable, Unstable, and Neutral Stability

Methods of Lifting

The four methods of lifting are convergence, frontal, orographic, and thermal (Figure 2-20).
Convergence of two air masses, or parts of a single air mass, force the air upward because it has
no where else to go. Because of the shape of cold fronts, as they move through an area, they will
lift the air ahead of the cold air mass. Orographic lifting is a term indicating that the force of the
wind against a mountainside pushes the air upward. Thermal lifting, also known as convective
lifting, is caused when cool air is over a warm surface, and it is heightened by intense solar
heating.
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OROGRAPHIC LIFTING THERMAL LIFTING

Figure 2-20 — The Four Lifting Methods

Stability and Flight Conditions

Cloud types are helpful in identifying conditions of stability or instability. Cumuliform clouds
develop with unstable conditions and stratiform clouds develop with stable conditions (Figure 2-
21), assuming sufficient moisture exists for cloud development.

Figure 2-21 — Clouds in Stable and Unstable Air

There are a significant number of flight conditions associated with atmospheric stability, as
depicted in Table 2-2. If one or more of these conditions is encountered, the stability of the
atmosphere can be easily determined, and other flight conditions can be predicted. Thus,
understanding the relationships among stability and flight conditions provides aircrew with a key
that unlocks many of the mysteries of weather phenomena.

FOR TRAINING USE ONLY 251



TRAINEE GUIDE Q-9B-0020K

Information Sheet 3-2-2 Sheet 24 of 24
FRONTS WARM COLD
AIRMASS WARM COLD
TURBULENCE SMOOTH ROUGH
VISIBILITY POOR GOOD, outside of clouds
ICING RIME CLEAR
PRECIPITATION STEADY SHOWERY
WINDS STEADY GUSTY
CLOUD TYPES STRATUS CUMULUS

Table 2-2 — Atmospheric Stability and Flight Conditions

Being able to recognize the stability of the air while flying will help prepare you for the various
flight conditions you are experiencing. When encountering a change in weather conditions—apart
from what was briefed-the relationships in Table 2-2 can also be a guide to understanding the
different options available, and to making better decisions for avoiding weather hazards. Here
are some additional “signs in the sky” that indicate stable air: temperature inversions, low fog
and stratus, and rising air temperature while climbing. Thunderstorms, showers, towering clouds,
dust devils, and rapidly decreasing air temperature while climbing all indicate unstable
atmospheric conditions.
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ASSIGNMENT SHEET 3-2-3

ATMOSPHERIC MECHANICS REVIEW

A. INTRODUCTION

The purpose of this lesson is to introduce the student to the general structure of the atmosphere
and the properties of wind, clouds, atmospheric stability and their effect on flight operations.

B. ENABLING OBJECTIVES
C. STUDY ASSIGNMENT

1. Review JPATS Aviation Weather Booklet, JX100 Chapter JX102.
2. Read JPATS Aviation Weather Booklet, X100 Chapter JX103.

D. STUDY QUESTIONS

1. Which one of the following types of isobar spacing would indicate a weak pressure gradient
force?

a. Narrow
b. Deep
c. Wide
d. Tight

2. Which one of the following types of pressure gradients would indicate the presence of strong
winds?
a. Steep
b. Low pressure
c. Weak
d. Shallow

3. The initial movement of air toward a low-pressure area is caused by the
a. pressure gradient force
b. Coriolis force
c. centrifugal force
d. force of friction
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4. The forces that determine the wind direction in the atmosphere are weakened at the Earth’s
surface by the
a. pressure gradient force
b. Coriolis force
c. centrifugal force
d. force of friction

5. Gradient winds move parallel to the isobars above 2000 feet AGL because they are NOT
affected by the .
a. pressure gradient force
b. Coriolis force
c. centrifugal force
d. force of friction

6. The surface wind, when compared with the gradient wind is of
a. lesser speed and blows parallel to the isobars
b. lesser speed and blows across the isobars toward low pressure
c. greater speed and blows across the isobars toward high pressure
d. greater speed and blows across the isobars toward low pressure

7. In the Northern Hemisphere, the wind blows
a. from low to high pressure
b. clockwise around a low
c. counterclockwise around a low
d. perpendicular to the isobars

8. Gradient winds blow parallel to the isobars because of the
a. Coriolis force
b. frictional force
c. centrifugal force

d. wind force
9. The sea breeze blows from the to the during the , and the land
breeze blows from the to the during the

a. water, land, day; water, land, night
b. land, water, day; land, water, night
c. land, water, day; water, land, night
d. water, land, day; land, water, night
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10. and water vapor must be present in the atmosphere for precipitation to occur.
a. Carbon dioxide
b. Condensation nuclei
¢. Wind
d. Nitrogen

11. When air contains the maximum moisture possible for a given temperature, the air is
12. The temperature to which air must be cooled to become saturated is called the

13. Which one of the following conditions could produce fog, clouds, or precipitation?
a. Dew point spread of 5° C
b. Dew point greater than air temperature
c. RH of 0%
d. RH of 100%

14. Stratiform clouds are associated with flight conditions.
a. stable
b. unstable

15. At which altitude could an altostratus cloud be found?
a. 5000' MSL
b. 5000'AGL
c. 10,000" AGL
d. 25,000' AGL
16. Cumulonimbus clouds typically produce which type of precipitation?
a. Drizzle
b. Light steady
c. Heavy showers
d. Fog

17. Nimbostratus clouds will produce precipitation.
a. heavy showery
b. light showery
c. heavy steady
d. light steady

18. defines air with the same temperature as the surrounding air.
a. Unstable
b. Neutrally stable
c. Stable
d. Displaced
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19. Which one of the following correctly lists the four methods of lifting?
a. Convergence; frontal; orographic; and thermal
b. Convergence; subsidence; orographic; and thermal
c. Convergence; convection; adiabatic; and katabatic
d. Divergence; subsidence; frontal; and convective

20. If lifted air is warmer than the surrounding air, then clouds will form resulting in
flight conditions.

21. If stratus clouds are present, which of the following flight conditions could be expected?
a. Rough turbulence, good visibility, showery precipitation, and clear icing
b. Smooth flight, good visibility, steady winds, and no precipitation
c. Poor visibility, steady winds, continuous precipitation, and rime icing
d. Smooth flight, turbulent flight, good visibility, and showery precipitation

22. Which one of the following types of clouds could be produced by unstable conditions?
a. Cirrus
b. Cumulonimbus
c. Stratus
d. Nimbostratus
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Answers

12.dew point temperature
13.D

14.A

15.C

16.C

17.C

18.B

19.A
20.cumuliform;unstable
10.B 21.C

11. saturated 22.B
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Winds
Station Models
Wind direction and speed

Stick points to FROM wind
direction

Barbs & pennant indicate wind
speed

Single barb - 10 knots Temperatu 79\34
Half barb - 5 knots

Sea Level Pressure: 1014.7 mb

N

Present Weather—x*

Pennant - 50 knots /32 .|.28 /
Present weather and sky cover | Dew Point
Pressure Change (3 Hrs)
Temperature Sky ‘Cover
Present weather
Dew point

Sky cloud coverage
Pressure

Current pressure in mb

Pressure change (z in last

three hours)

Major Station Model Symbols
Automated sky condition
Manual sky condition
Present weather

Present tendency
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AUTOMATED MANUAL PRESENT WEATHER PRESENT TENDENCY
® RAIN 6’ RAIN SHOWERS: f" FEEAMG, THEN
D oR o CLEAR FALLING )
9 ORIZZLE 6 HURRICANE e ':f;
18 TO 48
m OR o INCLUSIVE
(SCATTERED) 3 snow Y/ souaL / RISING (#)
FALLING, THEN
SATO TR An:a PELLETS FUNNEL CLOWD +
n oR 0 INCLUSIVE )( RESING (+)
(BROKEN)
Fat
VL BLOWING SNOW |=—— STEADY
— FALLING, THEN
. oR . % (OVERCAST) & THUNDERSTORM == FOG RISING [
BLOANG DUST FALLING, THEN
SKY OBSCURED P\ Freeanc omzzie OR SAND STEADY [
E OR ® ORt PARTIALLY
OBSCURED
f;\ymfmnﬂ RAIN E DUST DEVIL \ FALLING ()
oR x RISING, THEN
DATA MISSING v SHOW SHOWERS rw SMOKE FALLING (-}
{*) HIGHER THAM
o THUNDERSTORM 3 HOURS RGO
AND RAIN X HAzE ) LOWER THAN
1 HOURS AGO

Large Scale Wind Patterns
Winds affect the flight of aircraft
Brings about changes in weather
Transports water vapor:
Fog
Clouds
Precipitation

Pressure distribution shown on
surface charts by isobars

Wind direction parallel to isobars

Clockwise around highs RATIORALWERTHER SERVIC

1800Z FEB 12 2012

Counterclockwise around lows 53 NMC SEC ANAL )

U
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Pressure Gradient Force (PGF)

Rate of change in pressure in
horizontal distance

Perpendicular to isobars

Size of pressure gradient
represented by isobar spacing

Tight spacing —

Steep pressure gradient —
Strong Pressure Gradient Force
—

Faster wind speed

Wide spacing —
Shallow pressure gradient —
Weak Pressure Gradient Force

—

Slower wind speed
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Gradient and Surface Winds Pressure Gradient Force

High pressure results from descending air
Creates horizontal diverging force (PGF)
Shown via isobars -- out of Highs into
Lows
Low pressure results from ascending air
Creates horizontal converging force (PGF) 5

: rpendicular to Isobars
Into Lows from High
Into Low Pressure
Out of High Pressure

Pressure Gradient force and Coriolis force Gradient Winds: Above 2.000' AGL
balance to create flows P ——

Parallel to isobars "‘\
Clockwise around Highs ~ 4 \ //
Counterclockwise around Lows

Gradient winds / \ 7/
Found above 2000 feet AGL —

[

Surface winds (below 2000 feet) AGL Surface Winds: Below 2’000' AGL

Friction reduces wind speed
Coriolis force shifts wind direction toward :
isobars _
New balance of forces
Wind blowing across the isobars (45°)

CW around Highs
CCW around Lows
Out of High pressure into Low pressure
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Jet Streams
Narrow band of strong winds found below the tropopause
Average height: 30,000 feet MSL.
May be above or below depending on latitude and season
Speed: 100 - 150 knots
May reach speed in excess of 250 knots
Location
Position of jet stream changes daily
Changes weather patterns
Aircrew considerations
Head/tail wind

Turbulence

Local Winds
Created by:
Mountains
Valleys
Water masses
Results:
General wind system development

Significant weather changes

Sheet 10 of 19
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Land and Sea Breezes (land and water
heating)

Generally, land mass gains/loses heat
quicker than water mass

Sea breeze comes from sea during the day
Land breeze comes from land at night

Valley winds Mountain setting with
Flow out of valley during day daytime wind circulati
Air heats and rises

Air cools and settles back in valley
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Mountain breeze

Mountain setting with

Flow down mountain slopes at night nig htime wind circulation
Air is cooled by outgoing land radiation and
becomes more dense than surrounding air .

Denser air flows downhill

Rising air cools and creates a circulation

"\ COMPRESSED,

Clouds and Moisture

Atmospheric Moisture

Moisture in three states:
Solid HYDROLOGICAL CYCLE
Liquid
Gas

Atmosphere cycles
Evaporatoin and Condensation
Hydrological Cycle
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Atmospheric Moisture and Saturation
Saturation
Air is holding the maximum water vapor for:
Temperature
Pressure
Dew point temperature (TD)
Temperature saturation occurs
Higher temperature = more moisture in the air 10 gal bucket
Dew point depression or spread
Degree difference between air temperature and TD
Relative humidity

Percentage of water vapor in air compared to the maximum amount
the air could hold at that temperature

10 gal bucket

Characteristics and Types of Precipitation
Characteristics
Showers — starts, stops, changes intensity rapidly, associated with cumuliform clouds
Continuous — steady, changes intensity gradually, associated with stratiform clouds

Intermittent — stops, starts at least once during the hour, showers or steady, cumuliform or stratiform
clouds

Precipitation forms
Drizzle - liquid and freezing
Rain - liquid and freezing

Frozen - hail, ice pellets, snow and snow grains
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Cloud Formation
Condensation nuclei required to provide surface that water vapor can condense
Dust
Ocean salt crystals
Acid salt
Ash and soot
Organic matter
Condensed water vapor
Water droplets
Ice crystals
Air becomes saturated by
Cooling to dew point
Evaporation adding moisture
Low Clouds
Characteristics
Surface to 6500 feet AGL
Serious hazard due to cloud base proximity to terrain
Types:
Stratus — steady precipitation
Cumulus — showery precipitation
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Middle Clouds
Characteristics
Bases form between 6500 feet and 20,000 feet AGL
Usually light form of precipitation
Prefix “Alto”
Types:
Altostratus — light steady precipitation
Altocumulus — light showery precipitation
High Clouds
Characteristics
Base form above 20,000 feet AGL
Composed of ice crystals
Produce no icing or precipitation
Prefix “cirro”
Types:
Cirrocumulus
Cirrostratus

Cirrus

Special Clouds
Characteristics

Cumulonimbus clouds are towering thunderstorm
clouds with extensive vertical development

Nimbostratus clouds build downward
Types
Cumulonimbus — heavy showers
Nimbostratus — violent/heavy steady precipitation
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Atmospheric Stability
Conditions of stability

Stable - Tendency to return toward initial
condition when disturbed

Neutrally stable - System has tendency to remain
in its new state after being disturbed

Unstable - System has tendency to move away
from its initial condition when disturbed

Atmospheric Stability
Stable Air

Colder than the surrounding air after being
lifted

Settles when lifting is removed

Stable Air Condition

Neutrally stable air
Same temperature of the surrounding air after being lifted
Remains at the same place until acted upon by something else
Rare but same results as stable

Unstable air

Warmer than the surrounding air after being
lifted

Lifted air continues to rise after the lifting force
is removed due only to the parcel’s warmer
temperature

Unstable Air Condition
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Methods of Lifting CONVERGENT LIFTING

Providing initial disturbance necessary to create
stability or instability in the atmosphere

Four methods

Convergence

Frontal FRONTAL LIFTING

Thermal

THERMAL
LIFTING
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Orographic

OROGRAPHIC LIETING

Atmosphere Stability and Flight Conditions

FLIGHT CONDITIONS STABLE ATMOSPHERE UNSTABLE ATMOSPHERE

FRONTS WARM coLp
AIRMASS WARM COLD
TURBULENCE SMOOTH ROUGH
VISIBILITY POOR GO0D, outside of clouds
ICING RIME CLEAR
FRECIPITATION STEADY SHOWERY
WINDS STEADY GUSTY
CLOUD TYPES STRATUS CLUBUILUS
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Clues to Flight Conditions
Stable
Temperature inversions
Wide spread fog or low clouds
Rising or slightly decreasing temperatures while climbing
Unstable
Thunderstorms
Towering cumulus clouds
Heavy showers
Dust devils

Rapidly decreasing temperature while climbing
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OUTLINE SHEET 3-3-1
FRONTAL MECHANICS
A. INTRODUCTION

The purpose of this lesson is to provide the student with a general discussion of frontal systems,
including their formation, flight conditions and associated weather patterns.

B. ENABLING OBJECTIVES

2.235 DEFINE the term air mass, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.236 DEFINE the term front, in a classroom, in accordance with Naval Aviation Fundamentals,
NAVAVSCOLSCOM-SG-200

2.237 DESCRIBE the structure of a front, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.238 DESCRIBE the discontinuities used to locate and classify fronts, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.239 DESCRIBE the factors that influence frontal weather, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.240 DESCRIBE the conditions associated with a cold front, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.241 DESCRIBE the characteristics of a squall line, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.242 DESCRIBE the characteristics of a warm front, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.243 DESCRIBE the conditions associated with a stationary front, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.244 DESCRIBE the conditions associated with occluded fronts, in a classroom, in accordance
with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.245 DESCRIBE the conditions associated with an inactive front, in a classroom, in accordance
with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200
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C. TOPIC OUTLINE

1 Air Masses

2 Frontal Systems
3 Frontal Structure
4.  Cold Fronts

5 Warm Fronts

6

Occluded Fronts
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INFORMATION SHEET 3-3-2
FRONTAL MECHANICS
A. INTRODUCTION

The purpose of this lesson is to provide the student with a general discussion of frontal systems,
including their formation, flight conditions and associated weather patterns.

B. REFERENCES

1.  Weather for Aircrews, AFH 11-203
2. JPATS Aviation Weather Booklet, JX100

C. INFORMATION

AIR MASSES

The weather in the mid-latitude regions is a direct result of the continuous alternation of warm
and cold air masses. Warm air masses predominate in the summer and cold air masses
predominate in the winter. However, both cold and warm air may prevail almost anywhere in the
temperate zone—the region between 30 and 40 degrees North latitude, which covers the
continental United States—at any season.

An air mass is a large body of air that has essentially uniform temperature and moisture
conditions in a horizontal plane, meaning that there are no abrupt temperature or dew point
changes within the air mass at a given altitude. It may vary in size from several hundred to more
than several thousand square miles (Figure 3-1).

AIR MASS

42° 45° 48° 52° 55° 58° 62°

HUNDREDS OF MILES
Figure 3-1 — Air Mass Profile
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Air masses are named according to their location, moisture content, and temperature. The
location of an air mass has a large influence over the other two properties. Naturally, moist air
masses will have a greater potential for producing clouds and precipitation than dry air masses.
Most importantly, though, its temperature indicates the stability of the air mass. Warm air masses
bring stable conditions, while cold air masses are inherently unstable.

Named according to:

> Location
« Tropical
+ Arctic
* Polar N
» Equatorial

» Moisture content
* Maritime
« Continental
» Temperature

« Warm

« Cold

Figure 3-2 — Air Masses

Frontal Systems

A front is an area of discontinuity that forms between two contrasting air masses when they are
adjacent to each other. A front can be thought of as a border, boundary, or line between the air
masses. These air masses must have sufficiently different temperature and moisture properties—
the defining characteristics of an air mass—otherwise there would be little reason to distinguish
between them. Since air masses cover many thousands of square miles, the boundary between
them can be hundreds of miles long. As air masses are three-dimensional, fronts are, as well. The
point where a front comes in contact with the ground is called the surface front. The surface front
is the line that is plotted on surface analysis charts with different colors and shapes representing
each type of front, as pictured in Table 3-1.
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Type of Front Color Scheme Symbol
Cold front Blue ‘ ‘ ‘
Warm front Red

Occluded front Purple ‘ . ‘ .

Stationary front Blue and Red #

Trough Brown or Black

= ] ] ] | | ]
Ridge Yellow or Black
Squall line Purple EEEES N EEEas = §

Table 3-1 — Frontal Symbols

The frontal zone is that area that encompasses the weather located on either side of the front. The
depth of this frontal zone depends on the properties of the two air masses. When the properties
differ greatly, the resulting narrow frontal zone can include sudden and severe weather changes.
It is often impossible to determine the exact outer boundaries of a frontal zone.

Most active weather is focused along and on either side of the surface front and frontal zone.
Likewise, most aviation weather hazards are also found in the vicinity of fronts. In the midlatitudes,
fronts usually form between the warmer, tropical air to the south and the cooler, polar

air to the north.

When a pilot passes through a front, or a front moves past a station, the atmospheric conditions
change from one air mass to those of the other. Abrupt changes indicate that the frontal zone is
narrow, and in some cases, the zone can be less than a mile wide. On the other hand, gradual
changes indicate the frontal zone is broad and diffuse, often over 200 miles in width. Abrupt
changes will bring more severe weather than gradual changes.

Aviation weather hazards are not limited to the area of frontal zones. Some fronts do not produce
clouds or precipitation. Additionally, weather associated with one section of a front is frequently
different from the weather in other sections of the same front. Do not conclude that all adverse
weather occurs along fronts. In some cases, very large areas of low ceilings and poor visibility
occur in areas that are far removed from a front.
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Air Masses and Fronts

Now that we have introduced the basics of both air masses and fronts, an analysis of a real-world
situation can help show how these pieces fit together. Figure 3-3 shows the weather across the
U.S. at the same time from three different points of view. From the frontal systems shown on the
Current Surface chart, we can see that there are three major air masses over the nation: one over
the West, one over the Midwest and the East, and one over the Deep South. For simplicity, we
will compare only the two eastern air masses.

Looking at the Current Temperatures chart, the Midwest air mass (centered approximately on the
“H” of the high pressure) has temperatures in the 50s, give or take a few degrees. So far, this
shows a relatively uniform temperature across the air mass, matching with what we would expect
from the discussion above. The southern air mass, on the other hand, has much warmer
temperatures, generally in the 70s and 80s. Even so, these temperatures are still relatively
uniform throughout the air mass.

The dew points are also different between the two air masses. Even though the Dew Point chart
only indicates dew points above 50° F, it is clear that the southern air mass contains much more
moisture than the air mass to its north. Thus, these charts indeed show two air masses over the
eastern U.S., each with temperature and moisture properties different from the other.
Accordingly, a front has been drawn between the two. From the “L” to just south of the “H,”
there is a warm front, and to the east of that position, all the way to the next “L” over New
England, it is a cold front.
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Figure 3-3 — Uniform Temperature and Moisture of Air Masses
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General Frontal Structure

The characteristics of each air mass on either side of the front diminish with increasing altitude.
At some level above the surface, usually above 15,000 to 20,000 feet, the differences between
the two air masses forming the front become negligible, and the cloud and precipitation patterns
in the upper frontal zone are not easily attributable to one frontal type or another (Figure 3-4).
Therefore, the most significant frontal weather occurs in the lower layers of the atmosphere.
However, the temperature contrast between the air masses can sometimes extend as high as the
tropopause.

Upper levels have least difference.
B 15-20,000'

Frontal Zone

cooL

WARM MOIST

Most fronts, regardless of type, have some common characteristics. First, fronts are named
according to the temperature change they bring. For example, if the temperature will become
warmer after the front passes, it is named a warm front. Second, fronts move across the country

FOR TRAINING USE ONLY 279



TRAINEE GUIDE Q-9B-0020K

Information Sheet 3-3-2 Sheet 7 of 18

with their attached low-pressure system and isobars, as the corresponding air masses move. As
they move, we are only concerned with any movement perpendicular to the line representing the
front; thus, fronts are considered to move perpendicular to the way they are drawn. Also, cold
fronts move faster than warm fronts, in general. Next, we usually see a 90° wind shift from one
side of the front to the other, with two exceptions that will be explained below. Finally, every
front is located in a trough of low pressure.

L

60 ~150
30%

Figure 3-5 — General Model of a Frontal System

This course will use the general frontal model presented in Figure 3-5 to illustrate the different
characteristics of the various fronts. Remembering the basics of this model can aid in the
comprehension of how the various fronts usually move, as well as the characteristic changes in
weather from one side of a front to the other. Once this model is understood, it can easily be
modified to fit the appropriate real-world situation by rotating the system, by changing the angle
between the fronts, or by considering a curvature to any of the frontal lines. As we discuss each
frontal type, imagine zooming in on this model to study the particular characteristics of that
front. These frontal characteristics will be discussed in depth for each type of front, and as a
group in the next section, which explains how meteorologists determine where to place fronts on
weather charts.

Frontal Discontinuities

Differences in the various properties of adjacent air masses—in particular, their temperature,
moisture (indicated by the dew point), winds, and pressure—are used to locate and classify fronts.
For example, when comparing two dissimilar air masses, one will be colder than the other.
Because of this, the colder one will be denser and drier (it must have a lower dew point). Cloud
types are also useful indicators of the type of front and will be discussed in connection with each
individual front.
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Temperatures

Temperature is one of the most easily recognizable differences across a front. In the lower layers
of the atmosphere a greater temperature change will be noticed with frontal passage or when
flying through a front. The amount and rate of change partially indicates the front’s intensity.
Strong and weak fronts are accompanied by abrupt and gradual changes in temperature,
respectively.

Dew Points

The dew point temperatures reported from weather observing stations are helpful in locating the
position of a front. The dew point temperature and the air temperature give an indication of the
relative humidity of the air. Cold air masses will usually have lower dew point temperatures than
warm air masses. Higher dew points indicate a greater amount of moisture available to produce
clouds, fog, or precipitation.

Pressures

Figure 3-6 — Pressure Changes Across a Front

All fronts are located in troughs of low pressure. The arrows in Figure 3-6 indicate the trough
(where low pressure extends outward from the center of the low), as well as the direction of
movement of the low-pressure system. Therefore, when a front approaches a station, or a pilot
flies toward a front, the pressure decreases. Pressure then rises immediately following frontal
passage. Figure 3-5 illustrates this pressure fall and rise with the time-sequence of the weather at
station NSE. The earliest time is pictured in the upper right, when the pressure is 1011 mb, and
the last point in time is at the lower left, with a pressure of 1007 mb. Because of this pressure
change, it is extremely important to obtain a new altimeter setting when flying in the vicinity of a
front.
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WINDSHIFT
WINDSHIFT REQUIRES
ALTERATION TO THE RIGHT
WINDSHIFT REQUIRES
ALTERATION TO THE RIGHT

S

WINDSHFT

Figure 3-7 — Wind Shift Across a Cold Front

Winds

Near the Earth’s surface, the wind changes direction across a front. In the Northern Hemisphere,
as the front approaches and passes a station the wind changes direction in a clockwise rotation.
When flying across a front, because of this wind shift you must adjust heading to the right to
maintain your original ground track (Figure 3-7). This wind shift often creates a hazardous wind
shear when departing or approaching an airfield. For example, winds at 220 degrees at 10 knots
ahead of the front can rapidly change to 330 degrees at 20 knots gusting to 30 knots immediately
after the front.

Factors Influencing Frontal Weather

The weather along fronts is not always severe. Flying conditions can vary from insignificant
weather to situations that are extremely hazardous. The hazardous situations can include
thunderstorms, turbulence, icing, low ceilings, and poor visibility. The severity of the clouds and
precipitation occurring along a front are dependent on the following factors:

1. The amount of moisture available (shown by the dew point)

2. The degree of stability of the lifted air

3. The slope of the front

4. The speed of the frontal movement

5. The contrast in the amounts of temperature and moisture between the two air masses.

The amount of moisture available, as indicated by the dew point, greatly determines the amount
of weather associated with a front. Often little or no significant weather is associated with a front
or a portion of a front because of a lack of moisture, despite the presence of all other factors.

The degree of stability of the air that is lifted determines whether cloudiness will be
predominantly stratiform or cumuliform. With stratiform clouds, there is usually steady
precipitation and little or no turbulence. Precipitation from cumuliform clouds is showery and the
clouds indicate turbulence.
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Figure 3-8 — Frontal Slope

The slope is the ratio of the vertical rise to horizontal distance. The slope of a warm front is
generally shallow, while the slope of a cold front can be quite steep (Figure 3-8). Shallow frontal
slopes tend to produce extensive cloudiness with large areas of steady precipitation, while steep
frontal slopes tend to move rapidly producing narrow bands of cloudiness and showery
precipitation. Steep frontal slopes normally separate air masses of vastly different properties,
indicating the potential for more severe weather.

The speed of the frontal movement affects the weather associated with it. Faster moving fronts
are generally accompanied by a narrow band of more severe weather. On the other hand, slower
moving fronts have less severe weather, but the frontal zone is more extensive.

COLD FRONTS

The greater the contrast in temperature and moisture between the colliding air masses, the greater
the possibility of weather associated with a front, particularly severe weather. For example, most
tornadoes occur in the spring due to very cold, dry air from Canada colliding with very warm,
moist air from the Gulf of Mexico.
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Figure 3-9 — Cold Front

A cold front is the leading edge of an advancing cold air mass. In this case, the colder (more
dense) air mass is overtaking and wedging underneath a relatively warmer (less dense) air mass.
As the cold air pushes the warm air upward, this motion sometimes produces very violent and
unstable conditions, to include strong thunderstorms (cumulonimbus clouds) and severe
turbulence. Figure 3-9 shows the manner in which a cold front is depicted on a surface weather
chart. Cold fronts move toward the SE at 20kts, on average, and the wind shift is from the SW to
the NW.

Cold front weather can vary greatly depending on the speed of the front and the characteristics of
the air masses. Usually, though, as the cold front approaches, the southwesterly winds in the
warm air mass ahead of the front begin to increase in speed. Meanwhile, the barometric pressure
decreases, and altocumulus clouds appear on the horizon. Next, the cloud bases lower, and rain
or snow showers begin as the cumulonimbus clouds move into the area. The precipitation
increases in intensity and may persist as the front nears the station. As the front passes, the
pressure rises sharply and the wind shifts approximately 90° from SW to NW. The postfrontal
weather includes rapidly clearing skies, fair weather cumulus clouds, and decreasing temperature
and dew point. The extent of postfrontal cloudiness depends on the degree of stability and
moisture content of the cold air mass. In some cases, the sequence of events described here may
be considerably different, depending on the specific atmospheric conditions (Figure 3-10).
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Figure 3-10 — Cold Front Cloud Formation

Weather with fast-moving cold fronts occurs in a narrow band, is usually severe, and clears
rapidly behind the front. Cumuliform clouds, showers, or thunderstorms may form near the front
position. Lines of fast-moving thunderstorms, or squall lines, can form well ahead of the front.
Weather with slow-moving cold fronts (usually from late fall through early spring) occurs over a
large area, is less severe, but may persist for hours, even after the front is past.

Recognizing Cold Fronts During Flights

During a flight over flat terrain, you may see a long line of cumuliform clouds on the horizon.
These clouds may indicate you are flying toward an approaching active cold front. When flying
above an altocumulus layer extending ahead of the front, the lower frontal clouds are often
hidden. Stratus or stratocumulus decks extending many miles ahead of a front may conceal the
main clouds from a low flying aircraft.

Cold Fronts Flight Problems

Wind shifts — Expect an abrupt wind shift when passing through a frontal zone, especially when
flying at lower altitudes. Turbulence is often associated with the wind shift. The wind generally
shifts from SW to NW with greater speeds behind the front.

Ceiling and visibility — If an active cold front moves at a moderate or rapid speed (15-30 knots),
its weather zone is generally less than 50 miles wide. If the front moves slower, its weather zone
may be broad enough to seriously affect flight operations for many hours. Ceilings and
visibilities are generally visual meteorological conditions (VMC), but isolated instrument
meteorological conditions (IMC) exist in heavy precipitation and near thunderstorms. Wider
areas of IMC conditions can exist in winter due to snow showers.
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Turbulence — Many active cold fronts have turbulent cloud systems associated with them, but
thunderstorms may not always be present. Even when there are no clouds, turbulence may still
be a problem. As a rule, expect a rough flight in the vicinity of an active cold front, even when
flying at a considerable altitude.

Precipitation and icing conditions — Active cold fronts usually have a relatively narrow belt of
precipitation, especially if the precipitation is showery. Icing may be severe in cumuliform
clouds. Slow-moving cold fronts may have a broader area of precipitation and a greater threat of
remaining in icing conditions for a longer period.

Thunderstorms and squall lines — Severe weather is implied to exist in areas of reported
thunderstorms. Chapter 4 will detail the hazards associated with thunderstorms.

Squall Lines

INITIAL COLD
FRONT STORM

i
} AREAOF DOWN  DEVELOPMENT
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Figure 3-11 — Squall Line Formation

A squall line is a line of violent thunderstorms. They are indicated on surface charts by a dashed,
double-dotted purple line. They develop 50 to 300 miles ahead of the cold front and roughly
parallel to it. They form when cold air downdrafts flowing ahead of a cold front lift additional
warm, unstable air. The uplifted air develops its own updrafts and downdrafts and starts the
thunderstorm development cycle (Figure 3-11). Sometimes, however, squall lines can be located
nowhere near a cold front, possibly from the convergence of air flows at one location. Squall

lines are usually the most intense during the late afternoon and early evening hours, just after
maximum daytime heating.

It is often impossible to fly through squall lines, even with radar, since the storms are extremely

close to one another. Similar to cold fronts, Squall lines will also have a 90° wind shift from the
SW to the NW.
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Figure 3-12 — Warm Front

WARM FRONTS

A warm front is the boundary of the advancing warm air mass that is overtaking and replacing a
colder air mass. To do so, the warmer, less dense air must ride up and over the top of the cold air
mass. Figure 3-12 shows the manner in which a warm front is depicted on a surface weather
chart. The warm air mass gradually moves up over the frontal surface creating a broad area of
cloudiness. This cloud system extends from the front’s surface position to about 500 to 700 miles
in advance of it (Figure 3-13).

A warm front typically moves at a slower speed than a cold front-15 knots on average—and
produces a more gradual frontal slope, as well as sloping forward, ahead of the surface front.
Because of this slower speed and gradual slope, warm fronts are not as well defined as cold
fronts. The winds shift across a warm front from the SE to the SW.

Recognizing Warm Fronts During Flight

The most common cloud found along a warm front is the stratiform cloud. If one were to
approach the front from the east, the sequence of clouds would be cirrus, cirrostratus, altostratus,
nimbostratus, and stratus, rain and fog (Figure 3-13). Steady precipitation gradually increases
with the approach of this type of warm front and usually continues until the front passes.
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Figure 3-13 — Warm Front Cloud Formation

Warm Front Flight Problems
Wind Shift — Warm front wind shifts are not as sudden as those of a cold front, and therefore,
turbulence isn’t likely. The wind generally shifts from SE to SW.

Ceiling and Visibility — The widespread precipitation ahead of a warm front is often
accompanied by low stratus and fog. In this case, the precipitation raises the moisture content of
the cold air until saturation is reached. This produces low ceilings and poor visibility covering
thousands of square miles. Ceilings are often in the 300 to 900-foot range during steady, warm
frontal rain situations. Just before the warm front passes the station, ceilings and visibilities can
drop to zero with drizzle and fog. The worst conditions often occur in the winter when the
ground is cold and the air is warm; the best scenario for dense fog and low ceilings.

Turbulence and Thunderstorms — If the advancing warm air is moist an unstable, altocumulus
and cumulonimbus clouds can be embedded in the cloud masses normally accompanying the
warm front. These embedded thunderstorms are quite dangerous, because their presence is often
unknown to aircrews until encountered. Even with airborne radar, it can be difficult to
distinguish between the widespread areas of precipitation normally found with a warm front and
the severe showers from the embedded thunderstorms. The only turbulence along a warm front
would be found in such embedded thunderstorms. Otherwise, little to no turbulence exists in
warm front systems.

Precipitation and Icing — Approaching an active warm front from the cold air side (from the
east), precipitation will begin where the middle cloud deck is from 8000 to 12,000 feet AGL.
Often, this precipitation will not reach the ground-a phenomenon called virga. As you near the
front, precipitation gradually increases in intensity and becomes steadier. Occasional heavy
showers in the cold air beneath the frontal surface indicate that thunderstorms exist in the warm
air aloft. Drizzle, freezing drizzle, rain, freezing rain, ice pellets (sleet), and snow are all possible
in a warm front, depending on the temperature. The shallow slope and widespread thick
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stratiform clouds lead to large areas of icing. It may take a long time to climb out of the icing
area, and you may need to descend into warmer air to avoid the icing.
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Figure 3-14 — Stationary Front

Stationary Fronts

Sometimes the frontal border between the air masses shows little or no movement. Since neither
air mass is replacing the other, the front is called a stationary front (Figure 3-14). Stationary
fronts are indicated on surface charts by an alternating warm and cold front symbols, retaining
their original red and blue colors, but pointing in opposite directions. Even though the front may
not be moving, winds can still be blowing. Surface winds tend to blow parallel on both sides of
the front rather than against and or away from it. Therefore, a stationary front has a 180° wind
shift. The wind shift may be from any one direction to the opposite direction, as stationary fronts
are less likely to be aligned in any one particular direction.

The weather conditions occurring with a stationary front are similar to those found with the
warm front, but are usually less intense. The weather pattern of a stationary front may persist in
one area for several days, until other, stronger weather systems are able to push the stationary
front weather along its way.

OCCLUDED FRONTS

Occluded fronts form when a faster moving cold front overtakes a slower moving warm front.
There are two types of occluded fronts, cold and warm. The type of occlusion that forms depends
on which front remains in contact with the ground. For example, if the cold front remains in
contact with the ground, then it is named a cold front occlusion.

FOR TRAINING USE ONLY 289



TRAINEE GUIDE Q-9B-0020K

Information Sheet 3-3-2 Sheet 17 of 18

Occlusions are shown on surface charts with both cold and warm frontal symbols pointing in the
same direction, but colored purple. Both types of occlusions tend to be aligned from NW to SE,
and hence move toward the NE at the speed of the front that remains on the ground. The wind
shift across either type of occlusion will be a 180° shift, as there are actually two fronts in the
same location. Therefore, ahead of the occlusion, the winds will be the same as those ahead of
the warm front, and behind the occlusion, the wind will be from the same direction as behind the
cold front: the wind shift is SE to NW. Because the occluded front is the result of the meeting of
both a cold front and a warm front, the weather associated with the occlusion will be a
combination of both types of frontal weather.

Figure 3-15 — Occluded Front

Figure 3-15 depicts a profile of an occluded front. If either type of occlusion is approached from
the east, you would first encounter warm front type weather which may extend for several
hundred miles to the east of the surface front. On the other hand, if it were approached from the
west you would first encounter cold front type weather. The location of the occluded front is
significant to aircrews because the most severe weather, including ceilings and visibilities, is
generally located in an area 100 NM south to 300 NM north of the frontal intersection.

Figure 3-16 illustrates the stages of development of an occlusion.
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Figure 3-16 — Occluded Wave Formation

Inactive Fronts
Clouds and precipitation do not accompany inactive fronts. Sometimes the warm air mass is too
dry for clouds to form even after the air is lifted and cooled. Inactive fronts may also be referred
to as dry fronts.

The reason for showing an inactive front on the weather chart is to indicate the boundary of the
opposing air masses. Additionally, it displays the location of potentially unfavorable flying
weather. The warm air mass may gradually become more moist and lead to the formation of
clouds and precipitation in the frontal zone. In many cases the inactive front only has a shift in
the wind direction and a change in the temperature and pressure.
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ASSIGNMENT SHEET 3-3-3
FRONTAL MECHANICS REVIEW
A. INTRODUCTION

The purpose of this lesson is to provide the student with a general discussion of frontal systems,
including their formation, flight conditions and associated weather patterns.

B. ENABLING OBJECTIVES
C. STUDY ASSIGNMENT

1. Review JPATS Aviation Weather Booklet, JX100 Chapter JX103.
2. Read JPATS Aviation Weather Booklet, X100 Chapter JX104.

D. STUDY QUESTIONS

1. Which one of the following parameters of an air mass are generally uniform when measured
across any horizontal direction?
a. Pressure and stability
b. Pressure and moisture
c. Temperature and pressure
d. Temperature and moisture

2. Which one of the following correctly indicates the four frontal properties used to locate and
classify fronts?
a. Pressure, wind, stability, and slope
b. Pressure, temperature, dew point, and wind
c. Pressure, temperature, dew point and slope
d. Pressure, wind, dew point, and stability

3. Which one of the following indicates two of the five factors that influence frontal weather?
a. Slope and stability
b. Slope and pressure change
c. Stability and winds
d. Stability and pressure change
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4. With frontal passage, the winds of a cold front will shift from the to the , and
the winds of a warm front will shift from the to the

a. southeast to the northwest, southeast to the northwest

b. southeast to the southwest, southwest to the northwest
c. southwest to the northwest, southeast to the southwest
d. northwest to the southwest, southwest to the southeast

5. In one respect, embedded warm-front thunderstorms present a greater flying hazard than
cold-front thunderstorms because the warm-front cumulonimbus clouds
a. may be hidden in stratus type clouds.
b. generally contain a great amount of cloud-to-ground lightning.
c. have lower bases and lie closer to the earth’s surface.
d. are much more violent and turbulent.

6. Which one of the following would indicate that a cold front has passed?
a. Wind shifts
b. Pressure falls
c¢. Humidity increases
d. Temperature rises

7. If you are flying from east to west and you encounter cirrus, cirrostratus, alto-stratus,
nimbostratus and then stratus clouds, you are most likely approaching a
a. stationary front  c. Eitheraorb
b. warm front d. Neither anor b

In each cell of the table, circle the correct characteristics of each of the types of fronts.
This is similar to a multiple-choice question, where the question is formed by matching a column
heading with a row heading, and the alternatives are listed in the intersecting cell.
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Temper- Speed of
Tvpe of Pressure Direction of Turbulence Coler
Wind Shift ature Movement Cloud Types
Front Change Movement Conditions Code
Change (kts)
SE to SW SE Oto3 Red
Warmer Rises then Stratiform Smeooth
. SWte NW Falls NE 15 Blue
Warm
Colder Cunmliform Eough
Fromt
SE to NW Falls then NW 20 Purple
Ris
Either e Combination Combinaticn
1807 None 25 R&B
SE to SW SE Oto3 Fed
Warmer . Stratiform Smooth
Rises then
SWto NW Falls NE 15 Blue
Cold
Colder Cunmliform Rough
Front
SE to NW Falls then NW 20 Purple
Either fses Combination Combination
1807 None 25 R&B
SE to SW SE Oto5 Red
Warmer . Stratiform Smooth
Rises then
Warm SWto NW Falls NE 15 Blue
Fromt Colder Cumuliform Rough
Oeclusion SE to NW Falls then NW 20 Purple
Either e Combination Combination
1807 None 25 R&B
SE to SW SE Oto5 Red
Warmer Rises then Stratiform Smeooth
Cold SWto NW Falls NE 15 Blue
Fromt Colder Cunmliform Eough
Occlusion SE to NW Falls then NW 20 Purple
Either neEs Combination Combination
180° None 25 E&B
SE to SW SE Oto3 Red
Warmer Rises then Stratiform Smeooth
SW to NW Falls NE 15 Blue
Stationary Colder Cumuliform Rough
Fromt =
SE to NW Falls then NW 20 Purple
Either neEs Combination Combination
180° None 25 R&B
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Answers:
1. D 5. A
2. B 6. A
3. A 7. C
4. C
8.
Type of Wind Shift Temperature | Pressure | Direction of if;iglﬁ:nr Cloud Tvues Turbulence Color
Front ) Change Change Movement Ek“] P Conditions Code
Warm
SE to SW Warmer Falls then | 15 Stratiform Smooth Red
Front Oses
Cold
SWioNW | Colder Bl | o 20 Cosmulifarm Rough Blue
Front hses
Warm
. . Falls then S .
Front SE to NW Warmer T NE 15 Combination Combination Purple
Dcelusion o
Cold
Front  ||SEtoNW | Colder Fallsthen | Ng 2 Combimation | Combination | Purple
Ocelusion
Stationary || ,g00 Either Falls then | e Oto 3 Stratiform — R&B
Front 565
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Air Masses

Air Masses Current Surface

LT rain DRz IMODOIVY RAIN | FRZ RAINGSLEET _ LT SHOW/FLUR __IDWI'W FhoW _[Fos

An air mass is a large body of air that has
essentially uniform temperature and
moisture conditions in a horizontal plane.

Air Mass Naming
Named according to:

Location

Tropical i Chathgl s e
L and lago are

Arctic

Polar
Equatorial
Moisture content 40°N
Maritime
30°N
Continental
Temperature
Warm
Cold

Temperature indicates stability

Warm equals stable Location
Cold equals unstable

Current Temperatures

45 48 42
50 51, 42 <38

50, 57 52 46
£4

£y L)
/ 5 45

Pravided by The Westher Channel Enerprises, Ine, 89

The Weather Ghannel, Ine. 28 MAR 2000 3:10 PMEST

Current Temperatures
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Fronts

A front is a boundary between two contrasting air masses.

Named according to the temperature change.

Winds usually shift 90°.

Parallel ahead and perpendicular behind
Fronts are located in troughs of low pressure.
Pressure falls then rises as front passes.

Fronts move perpendicular to their depicted line.
Cold fronts move faster than warm fronts.

Greatest contrast between air masses exists at the surface.

Frontal Discontinuities

Discontinuities between air masses used to locate
and classify fronts:

Temperature

Front is named after temperature change.

Dew point

Used to determine air mass boundary.

Larger contrast produces more severe weather.
Pressure

Falls ahead and rises after frontal passage.
Wind

90° clockwise shift after frontal passage.

Factors Influencing Frontal Weather
The amount of moisture available.
The degree of stability of the lifted air.
The slope of the front.

The speed of frontal movement.

The contrast in the amounts of temperature and moisture between the two air masses.

Sheet 6 of 9
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Cold Fronts
Cold Fronts

Overtaking cold air is more dense than warm
air.

COLD AIR

Frontal lifting creates unstable conditions.

Cooler temperatures and clearing skies after
frontal passage.

Narrow frontal zone

Normally moves southeasterly at 20 kts.

Cold Front Movement

Cold Front Movement
Squall Lines

Line of severe thunderstorms.

Exact cause is unknown.

Forms 50-300 miles ahead of cold front.
Sometimes forms without a cold front.

Contains severe hazards to aviation.

Squall Line
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Warm Fronts

Warm Fronts
Warm air advances over dense cold air.
Extensive forward slope
Weather occurs ahead of surface front.

Steady precipitation and reduced visibility
ahead of frontal passage.

Winds shift from southeasterly to
southwesterly with frontal passage.

Warm Front
Warm Front Movement

Stationary Fronts
Alternating cold and warm front symbols
Weather similar to warm front
Align in any direction.

180 degree windshift across the frontal
boundary.

STRATUS
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Occluded Fronts

Occluded Front L

Formed when cold front overtakes a warm
front.

Warm front occlusion - warm front
touches

60 150
30C)>
ground.

Cold front occlusion - cold front touches
ground

Purple warm and cold front symbols
Pressure falls then rises

Wind shifts from southeasterly to
northwesterly with frontal passage

Occluded Front

Occluded Front on Ground

Inactive Fronts
Also known as dry fronts.
No clouds or precipitation.
Wind shift and temperature change still occurs.

Marks area of potentially unfavorable flying conditions.
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OUTLINE SHEET 3-4-1
WEATHER HAZARDS
A. INTRODUCTION
The purpose of this lesson is to provide the student with a background knowledge of aviation
\é\;git(;]:r to include the hazards associated with turbulence, icing, ceiling and visibility, fog, and ash

B. ENABLING OBJECTIVES

2.246 LIST the classifications of turbulence used in Pilot Reports (PIREPS), in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.247 LIST the intensities of turbulence used in Pilot Reports (PIREPS), in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.248 DEFINE the terms used to report turbulence with respect to time, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.249 DESCRIBE how thermal turbulence develops, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.250 DESCRIBE how mechanical turbulence develops, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.251 DESCRIBE the cloud formations associated with mountain wave turbulence, in a
classroom, in accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-
200

2.252 DESCRIBE techniques for flight in the vicinity of mountain waves, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.253 DESCRIBE how frontal lifting creates turbulence, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.254 DESCRIBE how temperature inversions are examples of wind shear turbulence, in a
classroom, in accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-
200

2.255 DESCRIBE how jet streams are examples of wind shear turbulence, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200
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2.256 DESCRIBE the recommended procedures for flying through turbulence, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.257 DESCRIBE structural icing, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.258 STATE the requirements for the formation of structural icing, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.259 STATE the temperature range most conducive to structural icing, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.260 DESCRIBE icing conditions associated with fronts, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.261 IDENTIFY the hazards of aircraft icing, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.262 DESCRIBE the types of engine icing, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

5.1 DESCRIBE ground icing hazards, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.263 IDENTIFY the procedures to minimize or avoid the effects of icing, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.264 LIST the intensities of icing used in Pilot Reports (PIREPS), in a classroom, in accordance
with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.265 LIST the types of icing used in Pilot Reports (PIREPS), in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.266 DEFINE the types of visibility, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.267 DEFINE obscuring phenomena, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.268 DESCRIBE the sky coverage terms that define a ceiling, in a classroom, in accordance
with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.269 DESCRIBE the parameters that define fog, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200
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2.270 STATE the requirements for fog formation, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.271 DESCRIBE the two main types of fog, in a classroom, in accordance with Naval Aviation
Fundamentals, NAVAVSCOLSCOM-SG-200

2.272 DESCRIBE the aviation hazards of ash clouds, in a classroom, in accordance with Naval
Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

C. TOPIC OUTLINE

Intensity of Turbulence
Classifications of Turbulence
Wind Shear

Aircraft Icing

Avoiding Icing
Minimizing Icing
Visibility
Sky Coverage and Ceilings
10. Fog
11.  Volcanic Ash Clouds

1
2
3
4
5. Engine Icing
6
7
8
9
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INFORMATION SHEET 3-4-2
WEATHER HAZARDS
A. INTRODUCTION

The purpose of this lesson is to provide the student with a background knowledge of aviation
weather to include the hazards associated with turbulence, icing, ceiling and visibility, fog, and ash
clouds.

B. REFERENCES

1. Weather for Aircrews, AFH 11-203

2. JPATS Auviation Weather Booklet, JX100

3. DoD Flight Information Publication (FLIP) General Planning, GP-1 Flight Information
Handbook (FIH)

C. INFORMATION

OVERVIEW

This chapter will cover the causes of turbulence, classification of the various categories of
turbulence, conditions under which turbulence exists, and will recommend flying procedures to
be used when turbulence is encountered. This chapter will also cover the requirements for icing
formation, types of icing, and their effects on aircraft flight and aircraft components, including
techniques that should be following for safe flight. Finally, this chapter will introduce the student
to ceilings and visibility, sky coverage terminology, and the requirements for fog formation and
dissipation, plus a synopsis of the aviation hazards of volcanic ash clouds.

Turbulence is one of the most unexpected aviation hazards to fly through and is also one of the
most difficult hazards to forecast. Severe and extreme turbulence has been known to cause
extensive structural damage to military aircraft, with lesser intensities resulting in compressor
stalls, flameouts, and injury to crewmembers and passengers. From minor bumps to severe
mountain wave turbulence, turbulence comes in many forms and is usually worst during the
winter months. It is estimated that turbulence causes $30 million in damage annually to aviation
assets.

Aircraft icing is another aviation weather hazard. Many aircraft accidents and incidents have
been attributed to aircraft icing. In fact, many icing-related mishaps have occurred when the
aircraft was not deiced before attempting takeoff. Most of the time, ground deicing and anti-icing
procedures will adequately handle icing formation. However, there are times when pilots may be
caught unaware of dangerous ice buildup.

Historically, low ceilings and poor visibilities have contributed to many aircraft accidents. Fog,
heavy snow, heavy rain, blowing sand, and blowing dust all restrict visibility and can also result
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in low ceilings. Adverse weather conditions causing widespread low ceilings and visibilities can
restrict flying operations for days. Since ceiling and visibility is so important to operational
flying, it is imperative that a pilot understands the strict meanings of the two terms. There are
many different kinds of “visibility,” but pilots are usually more concerned with “prevailing
visibility.”

Ash clouds from volcanic eruptions present a unique hazard to aviation. Though most prudent
aviators would choose to keep well clear of any active volcano, certain situations such as
evacuations may require the military to operate in close proximity to ash clouds. The
corresponding causes of aircraft damage are discussed in the last portion of the chapter.

TURBULENCE DEFINED AND CLASSIFIED

Turbulence is any irregular or disturbed flow in the atmosphere producing gusts and or eddies.
Occurrences of turbulence are local in extent and transient in character. Although general

forecasts of turbulence are quite good, forecasting precise locations is difficult.

Turbulence intensity is classified using a subjective scale. Table 4-1 contains the four intensity

levels and the three time descriptors used by aircrew when giving a Pilot Report (PIREP), which
details the in-flight weather. You can see how individual crewmembers of the same aircraft might not
agree on the degree of turbulence that they encountered. Realize that moderate

turbulence for a B-52 could be severe or extreme for a T-6.
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Intensity Aircraft Reaction Reaction Inside Aircraft
Turbulence that momentanly causes slight, erratic changes | Occupants may feel a slight stram
in altitude and/or attitude (patch, roll. vaw). Report as Light | agamst seat belts or shoulder
Turbulence: ! straps. Unsecured objects may be

Light or displaced shghtly. Food_ service

may be conducted and little or no
Turbulence that causes slight, rapid, and somewhat difficulty is encountered in
rhythmic bumpiness without appreciable changes in altitude | walking.
ot attitude Report as Light Chop.
Turbulence that is similar to Light Turbulence but of greater
intensity. Changes in altitude and/or attitude occur but the
awrcraft remains 1n posttive control at all tumes. It usually
causes variations m indicated airspeed. Report as Moderate | Occupants feel definite strains
Turbulence: ! against seat belts or shoulder
Moderate or straps. Unsecured objects are
dislodged. Food service and
Turbulence that is sinular to Light Chop but of greater walking are difficult.
intensity. It causes rapid bumps or jolts without appreciable
changes 1 aircraft altitude or attitude. Report as Moderate
Chop.
Turbulence that causes large. abrupt changes i altitude Occ.upants- are forced violently
and/or attitude. It usually causes large variations in against seat belts or s_houlder

Severe Ane - A = } straps. Unsecured objects are

indicated awrspeed. Awrcraft may be momentanily out of .
1 tossed about. Food service and
control. Report as Severe Turbulence; B : :
walking are impossible.
Turbulence m which the aircraft 1s violently tossed about

Extreme and 1s practically impossible to control. It may cause
structural damage. Report as Extreme Turbulence.

'High level turbulence (normally above 15.000 feet MSL) not associated with cunmuliform cloudiness, including

thunderstorms, should be reported as CAT (clear air turbulence) preceded by the appropriate intensity. or light or

moderate chop.

NOTE: Reporting Term  Definition

Occasional Less than 1/3 of the time
Intermittent 1/3 to 2/3 of the time
Continuous More than 2/3 of the time

Table 4-1 — PIREP Turbulence Reporting Table

The different types of turbulence can be divided according to their causative factors: thermal,

mechanical, frontal,

and large-scale wind shear.

Two or more of these causative factors often work together. Any of the four types of turbulence
may occur without the visual warning associated with clouds. Turbulence in the absence of or

outside of clouds is

referred to as clear-air turbulence (CAT).
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Clear Air Turbulence

CAT normally occurs outside of clouds and usually occurs at altitudes above 15,000 feet MSL,
due to strong wind shears in the jet stream. CAT is not limited to jet streams—in fact CAT can be
found in each of the four categories of turbulence—but the most severe CAT is associated with jet
streams. You may also notice that the Wind Shear category of turbulence is only CAT.

Thermal Turbulence

Thermal (or convective) turbulence is caused by localized vertical convective currents resulting
from surface heating or cold air moving over warmer ground. Strong solar heating of the Earth’s
surface can result in localized vertical air movements, both ascending and descending. For every
rising current, there is a compensating downward current that is usually slower in speed since it
covers a broader area. Such vertical air movements can also result from cooler air being heated
through contact with a warm surface. The turbulence that forms as a result of heating from below
is called thermal, or convective, turbulence.

The strength of convective currents depends in part on the extent to which the earth’s surface has
been heated, which in turn, depends upon the nature of the surface (Figure 4-1). Notice in the
illustration that dry, barren surfaces such as sandy or rocky wasteland and plowed fields absorb
heat more readily than surfaces covered with grass or other vegetation, which tend to contain
more moisture. Thus, barren surfaces generally cause stronger convective currents. In
comparison, water surfaces are heated more slowly. The difference in surface heating between
land and water masses is responsible for the turbulence experienced by aircrews when crossing
shorelines on hot summer days.

When air is very dry, convective currents may be present even though convective-type clouds
(cumulus) are absent. The upper limits of the convective currents are often marked by haze lines
or by the tops of cumulus clouds that form when the air is moist. Varying surfaces often affect
the amount of turbulence experienced in the landing pattern and on final approach.
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GRASSY AREA

DENSELY WOODED AREA
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Figure 4-1 — Strength of Convective Currents Vary With Composmon of Surface

Mechanical Turbulence

Mechanical turbulence results from wind flowing over or around irregular terrain or other
obstructions. When the air near the surface of the Earth flows over obstructions, such as bluffs,
hills, mountains, or buildings, the normal horizontal wind flow is disturbed and transformed into
a complicated pattern of eddies and other irregular air movements (Figure 4-2). An eddy current
is a current of air (or water) moving contrary to the main current, forming swirls or whirlpools.
One example of mechanical turbulence may result from the buildings or other obstructions near
an airfield.

LOW WIND SPEED — BELOW 20 MPH HIGH WIND SPEED=—ABOVE 20 MPH

*——/EQN— ———— \JQ D a—
p——— -—
_.______._'-""-_'—__-__.—-_____*_-— — - —__
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Figure 4-2 — Airflow Over Irregular Terrain
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The strength and magnitude of mechanical turbulence depends on the speed of the wind, the
roughness of the terrain (or nature of the obstruction), and the stability of the air. Stability seems
to be the most important factor in determining the strength and vertical extent of the mechanical
turbulence. When a light wind blows over irregular terrain, the resulting mechanical turbulence
has only minor significance. When the wind blows faster and the obstructions are larger, the
turbulence intensity increases and it extends to higher levels.

Mountain Wave Turbulence

When strong winds blow approximately perpendicular to a mountain range, the resulting
turbulence can be severe. Associated areas of steady updrafts and downdrafts may extend to
heights from 2 to 20 times the height of the mountain peaks. When the air is stable, large waves
tend to form on the lee side of the mountains and extend up to the lower stratosphere for a
distance of up to 300 miles or more downwind. These are referred to as standing waves or
mountain waves, and may or may not be accompanied by turbulence (Figure 4-3). Pilots,
especially glider pilots, have reported that the flow in these waves is often remarkably smooth.
Others have reported severe turbulence.

TROPOPAUSE TURBULENT LAYER
TROPOSPHERE

- 30,000 =

WIND

Figure 4-3 — Mountain Wave Turbulence

Even though mountain wave turbulence may be present, when the airflow begins to move up the
windward side of the mountain, is usually fairly smooth as the orographic lifting imparts the
vertical component to the motion of the air. The wind speed gradually increases, reaching a
maximum near the peak of the mountain. Past the peak, the air naturally flows down the leeward
side, completing one cycle of oscillation and setting up the standing wave pattern of the
mountain wave turbulence. Downwind, perhaps 5 to 10 miles from the peak, the airflow begins
to ascend again, where the rotor or lenticular clouds may appear. Additional waves, generally
less intense than the primary wave, may form farther downwind. Note in Figures 4-3 and 4-4 that
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the mountains are on the left and the wind is flowing from left to right.

nnnnnnnnnnnn

Figure 4-4 — Lenticular Clouds

While clouds are usually present to warn aircrews of mountain wave activity, it is possible for
wave action to take place when the air is too dry to form clouds, producing CAT. Still, cloud
forms particular to wave action provide the best means of identifying possible turbulence, aside
from weather forecasts and PIREPs. Although the lenticular clouds in Figure 4-4 are smooth in
contour, they may be quite ragged when the airflow at that level is turbulent. These clouds may
occur singularly or in layers at heights usually above 20,000 feet. The rotor cloud forms at a
lower level and is generally found at about the same height as the mountain ridge. The cap cloud
usually obscures both sides of the mountain peak. The lenticular clouds (Figure 4-4), like the
rotor and cap clouds, are stationary in position, even though the wind flows through them.

The pilot is concerned, for the most part, with the first wave because of its more intense activity
and proximity to the high mountainous terrain. Extreme turbulence is usually found at low levels
on the leeward side of the mountain in or near the rotor and cap clouds when the winds are 50
knots or greater at the mountaintop. With these wind conditions, severe turbulence can
frequently be found to exist from the surface to the tropopause and 150 miles downwind.
Moderate turbulence can be experienced often as far as 300 miles downwind under those same
conditions. When the winds are less than 50 knots at mountain peak level, a lesser degree of
turbulence may be experienced.

Mountain wave turbulence is dangerous in the vicinity of the rotor clouds and to the leeward side
of the mountain peaks. The cap cloud must always be avoided in flight because of the turbulence
and the concealed mountain peaks.

The following techniques should be applied when mountain wave turbulence has been forecast:
1. Avoid the turbulence if possible by flying around the areas where wave conditions exist. If
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this is not feasible, fly at a level that is at least 50% higher than the height of the highest
mountain range along your flight path. This procedure will not keep the aircraft out of
turbulence, but provides a margin of safety if a strong downdraft is encountered.

2. Avoid the rotor, lenticular, and the cap clouds since they contain intense turbulence and
strong updrafts and downdrafts.

3. Approach the mountain range at a 45° angle, so that a quick turn can be made away from the
ridge if a severe downdraft is encountered.

4. Avoid the leeward side of mountain ranges, where strong downdrafts may exist, until certain
turbulence is not a factor.

5. Do not place too much confidence in pressure altimeter readings near mountain peaks. They
may indicate altitudes more than 2500 feet higher than the true altitude.

6. Penetrate turbulent areas at air speeds recommended for your aircraft.

Frontal Turbulence

ALTOCUMULU

UMULONIME

Figure 4-5 — Frontal Turbulence

Frontal turbulence is caused by lifting of warm air by a frontal surface leading to instability, or
by the abrupt wind shift between the warm and cold air masses. The vertical currents in the warm
air are the strongest when the warm air is moist and unstable. The most severe cases of frontal
turbulence are generally associated with fast moving cold fronts. In these cases, mixing between
the two air masses, as well as the differences in wind speed and or direction (wind shear), add to
the intensity of the turbulence.

Ignoring the turbulence resulting from any thunderstorm along the front, Figure 4-5 illustrates
the wind shift that contributes to the formation of turbulence across a typical cold front. The
wind speeds are normally greater in the cold air mass.
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Wind Shear Turbulence

Large-scale wind shear turbulence results from a relatively steep gradient in wind velocity or
direction producing eddy currents that result in turbulence. Wind shear is defined as a sudden
change in wind speed or direction over a short distance in the atmosphere. The greater the
change in wind speed and/or direction in a given area, the more severe the turbulence will be.
These turbulent wind shear flight conditions are frequently encountered in the vicinity of the jet
stream, where large shears in both the horizontal and vertical planes are found, as well as in
association with land and sea breezes, fronts, inversions, and thunderstorms. Strong wind shear
can abruptly distort the smooth flow of wind, creating rapid changes in aircraft performance.

Jet Stream Turbulence

3000-7000 feet thick 100-400 miles wide

1000-3000 miles long 50 - 250+ kts

Figure 4-6 — Jet Stream Diagram

As described in Chapter 2, one of the major sources of wind shear turbulence is the jet stream,
which can sometime reach speeds of over 250 knots (Figure 4-6). The highest wind speeds and
probable associated turbulence is found about 5000 feet below the tropical tropopause, and closer
to the tropopause in the polar regions. The rapid change of wind speed within a short distance of
the jet core is particularly significant. The vertical shear is generally close to the same intensity
both above and below the core, and it may be many times stronger than the horizontal shear. The
horizontal shear on the cold air side of the core is stronger than on the warm air side. Thus, if it is
desired to exit jet stream turbulence, a turn to the south should result in smoother air. Also, a
climb or descent to a different flight level should also help, as jet stream turbulence often occurs
in patches averaging 2000 feet deep, 20 miles wide, and 50 miles long. If changing altitude,
watch the outside air temperature for a minute or two to determine the best way to exit the CAT
quickly. If the temperature is rising, climb; if the temperature is falling, descend. This maneuver
will prevent following the sloping tropopause or frontal surface and thereby staying in the
turbulent area. If the temperature remains the same, either climb or descend.

Temperature Inversions

Recall from Chapter 1 the lapse rate where temperature increases with altitude, the temperature
inversion. Even though this produces a stable atmosphere, inversions can cause turbulence at the
boundary between the inversion layer and the surrounding atmosphere. The resulting turbulence
can often cause a loss of lift and airspeed near the ground, such as when a headwind becomes a
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tailwind, creating a decreasing-performance wind shear. It is important to know how to
recognize and anticipate an inversion in flight so you can prepare and take precautions to
minimize the effects. If you are caught unaware, the loss of lift can be catastrophic because of
your proximity to the ground. Inversions often develop near the ground on clear, cool nights
when the winds are light and the air is stable. If the winds just above the inversion grow
relatively strong, wind shear turbulence can result.

Figure 4-7 shows a wind shear zone and the turbulence that developed between the calm air and
stronger winds above the inversion. When taking off or landing in near-calm surface winds under
clear skies within a few hours of sunrise, watch for a temperature inversion near the surface. If
the wind at 2000 to 4000 feet AGL is 25 knots or more, expect a shear zone at the inversion. To
prepare yourself, allow a margin of airspeed above normal climb or approach speed if turbulence
or a sudden change in wind speed occurs in order to counteract the effects of a diminished
headwind or increased tailwind at and below the inversion.

ion

Figure 4-7 — Wind Shear Associated With a Tempeature Invers

Turbulence Associated with Thunderstorms

The strongest turbulence within cumulonimbus clouds occurs with the shear between the
updrafts and downdrafts. Outside the clouds, wind shear turbulence has been encountered several
thousand feet above and 20 miles laterally from a severe storm. Severe turbulence can be
encountered in the anvil 15 to 30 miles downwind. The storm cloud is only the visible portion of
a turbulent system whose updrafts and downdrafts often extend outside the storm.

Flight Techniques for Turbulence
The following are recommended procedures if you can’t avoid flying in turbulence:
1. Establish and maintain thrust settings consistent with turbulent air penetration airspeed and
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aircraft attitude. Severe turbulence may cause large and rapid variations in indicated airspeed.
Don’t chase airspeed.

2. Trim the aircraft for level flight at the recommended turbulent air penetration airspeed.

Don’t change trim after the proper attitude has been established.

3. The key to flying through turbulence is proper attitude control. Both pitch and bank should
be controlled by reference to the attitude gyro indicator. Extreme gusts may cause large changes
in pitch or bank. To avoid overstressing the aircraft, don’t make abrupt control inputs. Use
moderate control inputs to reestablish the desired attitude.

4. Severe vertical gusts may cause appreciable altitude deviations. Allow altitude to vary.
Sacrifice altitude to maintain desired attitude. Don’t chase the altimeter.

AIRCRAFT ICING

Summary of Air Florida Mishap

On January 13, 1982, Air Florida Flight 90, a Boeing 727-222 (N62AF), was a scheduled flight
to Fort Lauderdale, Florida, from Washington National Airport, Washington D.C. There were 74
passengers, including 3 infants, and 5 crewmembers on board. The flight’s scheduled departure
time was delayed about 1 hour 45 minutes because of moderate to heavy snowfall, which
necessitated the temporary closing of the airport.

Following takeoff from runway 36, which was made with snow and/or ice adhering to the
aircraft, the aircraft at 1:31 EST crashed into the barrier wall of the northbound span of the 14th
Street Bridge, which connects the District of Columbia with Arlington County, Virginia, and
plunged into the ice-covered Potomac River. It came to rest on the west side of the bridge 0.75
nm from the departure end of runway 36. Four passengers and one crewmember survived the
crash.

When the aircraft hit the bridge, it struck seven occupied vehicles and then tore away a section of
the bridge barrier wall and bridge railing. Four persons in the vehicles were killed; four were
injured.

The National Transportation Safety Board determined that the probable cause of this accident
was the flight crew’s failure to use engine anti-ice during ground operation and takeoff, their
decision to take off with snow/ice on the airfoil surfaces of the aircraft, and the captain’s failure
to reject the takeoff during the early stage when his attention was called to anomalous engine
instrument readings. Contributing to the accident were the prolonged ground delay between
deicing and the receipt of ATC takeoff clearance during which the airplane was exposed to
continual precipitation, the known inherent pitch up characteristics of the B-727 aircraft when
the leading edge is contaminated with even small amounts of snow or ice, and the limited
experience of the flight crew in jet transport winter operations.

Table 4-2 — Air Florida Mishap Abstract
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As graphically demonstrated by Table 4-2, icing poses a serious threat to aviation. No matter
which part of the world home base is located, icing can become a hazard to any phase of flight,
not just the takeoff or landing phase.

Aircraft icing is classified into two main groups: structural and engine icing.

Structural icing is icing that forms on the external structure of an aircraft. Structural ice forms on
the wings, fuselage, antennas, pitot tubes, rotor blades, and propellers. Significant structural icing
on an aircraft can cause control problems and dangerous performance degradation. The types of
structural icing are clear, rime, mixed, and frost.

Engine icing occurs when ice forms on the induction or compressor sections of an engine,
reducing its performance.

Icing Requirements

There are two requirements for the formation of aircraft icing. First, the atmosphere must have
super-cooled visible water droplets. Second, the free air temperature (measured by the aircraft’s
outside air temperature gauge) and the aircraft’s surface temperature must be below freezing.

Clouds are the most common form of visible liquid water, and Super-cooled water is liquid water
found at air temperatures below freezing. When super-cooled droplets strike an exposed object,
such as a wing, the impact induces freezing and results in aircraft icing. Therefore, when
penetrating a cloud at subzero temperatures, icing should be expected.

Super-cooled water forms because, unlike bulk water, water droplets in the free air do not freeze
at 0° C. Instead, their freezing temperature varies from —10 to —40° C: the smaller the droplets,
the lower the freezing point. As a general rule, serious icing is rare in clouds with temperatures
below —20° C since these clouds are almost completely composed of ice crystals. However, be
aware that icing is possible in any cloud when the temperature is 0° C or below.

Structural Icing Conditions

Clear icing normally occurs at temperatures between 0° C and —10° C, where water droplets are
large because of unstable air, such as in cumulus clouds and in areas of freezing rain or drizzle.
Instead of freezing instantly upon contact with the aircraft’s surface, these large water droplets
move along with the airflow, freeze gradually, and form a solid layer of ice. This layer of clear
ice can cover a large portion of the wing surface and is difficult to break off. Clear icing is
extremely hazardous because it builds up fast, can freeze the flight controls, and disrupts airflow
over the wings.

Rime icing is milky white in appearance and is most likely to occur at temperatures of —10 to —
20° C. It is more dense and harder than frost, but lighter, softer, and less transparent than clear
ice. Rime ice occurs in stable conditions—clouds where the water droplets are small and freeze
instantaneously, such as stratiform clouds and the upper portions of cumulus clouds. It is brittle
and fairly easy to break off. Rime ice does not normally spread over an aircraft surface, but
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protrudes forward into the air stream along the leading edges of airfoils.

Mixed icing is a combination of clear ice and rime ice, occurring where both large and small
water droplets are present, normally at temperatures of -8 to —15° C. Because mixed icing is a
combination of large and small water droplets, it takes on the appearance of both rime and clear
icing. It is lumpy, like rime ice, but also hard and dense, like clear ice. The most frequent type of
icing encountered is usually a form of mixed icing.

Frost is a thin layer of crystalline ice that forms on exposed surfaces. It normally occurs on clear,
calm winter nights on aircraft surfaces just as it does on automobiles. Frost also forms in flight
when a cold aircraft descends from a zone of freezing temperatures into high relative humidity.
The moist air is chilled suddenly to below freezing temperatures by contact with the cold
surfaces of the aircraft, and deposition occurs. Frost, like other forms of icing, disrupts the
smooth boundary layer flow over airfoils, and thus increases drag, causes a loss of lift, and
increases stall speed. Though it is unlikely to add considerable weight to an aircraft, any amount
of frost is hazardous and must be removed prior to takeoff.

Aircrews should anticipate and plan for some type of icing on every flight conducted in below
freezing temperatures and should be familiar with the icing generally associated with different
atmospheric conditions, as discussed in the next section.

Frontal Icing Conditions

Cold fronts and squall lines generally have a narrow band of both weather and icing. The
associated clouds will be cumuliform. The icing zone will be about 10,000 feet thick, 100 miles
wide, and the icing will be predominantly clear, accumulating rapidly.

Warm fronts and stationary fronts generally have a much wider band of weather and icing,
reflecting the size of the warm frontal zone. The icing will be found mainly inside stratiform
clouds, accumulating at a relatively low rate, due to the smaller size of the super-cooled water
droplets. The vertical depth of the icing zone will generally be about 3000 to 4000 feet thick,
possibly up to 10,000 feet. The type of icing will be predominantly rime, but may also contain
mixed icing.

The most critical freezing precipitation (rain or drizzle) area is where water is falling from warm
air above to a flight level temperature that is below freezing. In this case, severe clear ice would

be encountered below the cloud layer and the evasive action is to climb to an altitude where the

temperature is above freezing.

Occluded fronts often produce icing covering a very widespread area, containing both stratiform
and cumuliform-type clouds. The depth of the icing zone will often be 20,000 feet—
approximately double the depth of icing zones with other type fronts. The types of icing will be
clear, mixed, and rime, with a very rapid and heavy rate of accumulation.
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EFFECTS AND HAZARDS OF STRUCTURAL ICING

STALL SPEED
INCREASES
DRAG & FUEL LIFT
CONSUMPTION |} DECREASES
INCREASE /| ~—_ .
0 D
THRUST & RANGE
WEIGHT DECREASE

INCREASES

Figure 4-8 — Cumulative Effects of Icing

The most hazardous aspect of structural icing is its aerodynamic effects. The presence of ice on
an aircraft decreases lift, thrust, and range, and increases drag, weight, fuel consumption, and
stall speed. The added weight with reduced lift and thrust can be a dangerous combination
(Figure 4-8). Ice can alter the shape of an airfoil, changing the angle of attack at which the
aircraft stalls therefore increasing the stall speed. Ice reduces lift and increases drag on an airfoil.
Ice thickness is not the only factor determining the effect of icing. Location, roughness, and
shape are important, too. For example, a half-inch high ridge of ice on the upper surface of the
airfoil at 4% chord reduces maximum lift by over 50%. Yet, the same ridge of ice at 50% chord
decreases maximum lift by only 15%. On another airfoil, a distributed sandpaper-like roughness
on the leading edge of the wing may decrease lift by 35%. Along with this decrease in lift, it is obvious
that parasite drag will significantly increase. The buildup of ice on various structural

parts of the aircraft can result in vibration, causing added stress to those parts. This is especially
true in the case of propellers and rotors, which are delicately balanced. Even a small amount of
ice, if not distributed evenly, can cause great stress on the propeller and engine mounts.

Icing is not restricted to airfoils and other external structure. Engines, fuel, and instruments may
also be affected by ice formation.
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Figure 4-9 — Pitot Tube Icing

Ice associated with freezing rain or drizzle can accumulate beyond the limits of an ice protection
system. If you encounter any type of freezing rain or drizzle, the best course of action is to leave
the area.

Structural icing can block the pitot tube (Figure 4-9) and static ports. This can cause a pilot to
either lose or receive erroneous indications from various instruments such as the airspeed
indicator, VSI, and altimeter. For example, if the pitot tube becomes blocked with ice, the “total
pressure” input to the system remains constant. Therefore, during a descent, as the “static
pressure” input to the system increases, the airspeed indicator gives an erroneous indication of
decreasing airspeed. The opposite would be true during a climb.

During flight, it can be difficult to detect ice on areas such as the empennage that may be
impossible to see. Some cues which signal the potential for icing include the following: (1) ice
on windshield wiper arms or projections such as engine drain tubes, pitot tubes, engine inlet lips,
or propeller spinners, (2) decreasing airspeed with constant power and altitude, and (3) ice
detector annunciation.

Icing on rotary wing aircraft is related to those involving wings and propellers. Ice formation on
the helicopter main rotor system or anti-torque rotor system may produce serious vibration, loss
of efficiency or control, and can significantly deteriorate the available RPM to a level where safe
landing cannot be assured. In fact, a 3/16-inch (4.8-mm) coating of ice is sufficient to prevent
some helicopters from maintaining flight in a hover.

OTHER TYPES OF AIRCRAFT ICING

Induction icing — In flights through clouds that contain super-cooled water droplets, air intake
duct icing is similar to wing icing. However, the ducts may ice when skies are clear and
temperatures are above freezing. The reduced pressure that exists at the intake lowers the
temperature to the point that condensation and or deposition take place, resulting in the
formation of ice. The degree of temperature decrease varies considerably with different types of
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engines. However, if the free air temperature is 10° C or less (especially near the freezing point), and
the relative humidity is high, the possibility of induction icing exists. Ingestion of ice shed
ahead of the compressor inlet may cause severe foreign object damage (FOD) to the engine.

Compressor icing — Ice forming on compressor inlet screens and compressor inlet guide vanes
will restrict the flow of inlet air, eventually causing engine flameout. The reduction in airflow is
noticeable through a loss of thrust and a rapid rise in exhaust gas temperature. As the airflow
decreases, the fuel-air ratio increases, which in turn raises the temperature of the gases going to
the turbine. The fuel control attempts to correct any loss in engine RPM by adding more fuel,
which merely aggravates the condition. Ice build-up on inlet screens sufficient to cause turbine
failure can occur in less than 1 minute under severe conditions.

Ground icing hazards — We have already stressed the importance of removing all icing and frost
from an aircraft prior to takeoff. De-icing itself, however, can also be a hazard. De-icing fluids
(discussed in the next section) are highly corrosive to internal aircraft and engine parts. Thus, it
is imperative that de-icing crews understand the particular requirements for your type of aircraft.
Additionally, taxiing through mud, water or slush on ramps and runways can create a covering of
ice that can hamper the movement of flaps, control surfaces, and the landing gear mechanism.
Ice and snow on runways are conditions that affect braking action of aircraft. Braking action
varies widely with aircraft type and weight. Therefore, pilots must be aware of the limits to their
aircraft’s braking capabilities.

MINIMIZING OR AVOIDING ICING HAZARDS
Flight Path Options
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Figure 4-10 — Options to Escape Icing

In coping with an icing hazard in flight, a pilot usually has two alternatives. First, the pilot can
climb to the colder temperatures where the precipitation will be frozen and therefore not an icing
hazard. Second, the pilot can descend to an altitude where the air temperatures are well above
freezing (Figure 4-10). However, if encountering clear icing in the freezing precipitation below
the clouds of a warm front, the aircraft is most likely in the cold air ahead of the warm front. In
this case, the best alternative may be to climb to warmer temperatures, across the frontal
boundary, as the freezing precipitation may extend all the way to ground level.

Anti-Icing and De-Icing Equipment

Deicing equipment eliminates or removes ice that has already accumulated on the aircraft. Antiicing
equipment prevents the accumulation of ice on specific aircraft surfaces. Most military

aircraft are equipped with anti-icing and or deicing equipment. There are three common methods
for preventing and or eliminating ice buildup: mechanical, fluids, and heat.

The mechanical method uses deicing boots, which are rubber bladders installed on the leading
edges of lift producing surfaces. Compressed air cycles through these rubber boots causing them
to alternately inflate and deflate, thus cracking accumulated ice and allowing the air stream to
peel it away.

Anti-icing fluids are freezing point depressants and are pumped through small holes in the
wing’s leading edge. This fluid coats the wing, preventing ice from forming on the wing’s
surface. Deicing fluids are also used by ground crews to remove and prevent ice buildup before
takeoff.

Heat application capability to wings, props, tail surfaces, or engine intakes is installed in most
aircraft. Systems of this nature can be designed for either anti-icing or de-icing purposes. Critical
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areas can be heated electrically or by hot air that is bled from the engine’s compressor section.

Recommended Precautions:

Keep these precautions in mind when flying in the vicinity of icing conditions.

1. Don’t fly into areas of known or forecast icing conditions.

2. Avoid flying in clouds with temperatures from 0° C to —20° C.

3. Don’t fly through rain showers or wet snow with temperatures near freezing.

4. Avoid low clouds above mountain ridges or crests. Expect the heaviest icing in clouds
around 5000 feet above the mountaintops.

5. Do not make steep turns with ice on the airplane due to increased stall speeds.

6. Avoid high angles of attack when ice has formed on the aircraft since the aircraft is closer to
stall speed in these maneuvers.

7. Under icing conditions, increased drag and additional power required increases fuel
consumption.

8. Change altitude to temperatures above freezing or colder than -20° C. An altitude change
also may take you out of clouds.

9. In freezing rain, climb to temperatures above freezing, since it will always be warmer at
some higher altitude. Don’t delay your climb since ice can accumulate quickly. If you are
going to descend, you must know the temperature and terrain below.

10. Do not fly parallel to a front while encountering icing conditions.

11. Avoid icing conditions as much as possible in the terminal phase of flight due to reduced
airspeeds.

12. Expect to use more power on final approach when experiencing structural icing.

13. Always remove ice or frost from airfoils before attempting takeoff.

Icing Intensities and PIREPS

Weather personnel cannot generally observe icing; they must rely on PIREPs. When flying
during icing conditions, pilots should report these conditions as indicated in Table 4-3. However,
forecasters attempt to forecast the maximum intensity of icing that may be encountered during a
flight, not necessarily the intensity of icing that will be encountered by a particular aircraft. It
becomes the pilot’s responsibility to make certain that a complete weather briefing is obtained, to
include the information for safe completion of the flight.

FOR TRAINING USE ONLY 321



TRAINEE GUIDE

Q-9B-0020K

Information Sheet 3-4-2

Sheet 19 of 30

Intensity

Airframe Ice Acenmulation

Pilot Report

Trace

Ice becomes perceptible. Rate of accumulation
slightly greater than rate of sublimation. It is
not hazardous even though deicing/anti-icing
equipment is not used, unless encountered for
an extended period of time--over one hour.

Light

The rate of accumulation may create a problem
if flight 1s prolonged in this environment (over
one hour). Occasional use of deicing/anti-icing
equipment removes/prevents accumulation. It
does not present a problem if the deicing/anti-
icing equipment is used.

Moderate

The rate of accumulation 1s such that even short
encounters become potentially hazardous and
use of deicing/anti-icing equipment or
diversion is necessary.

Severe

The rate of accumulation 1s such that
deicing/anti-icing equipment fails to reduce or
control the hazard. Immediate diversion is
necessary.

Aircraft identification.
location. time (GMT).
altinde (MSL). type
aircraft, sky cover,
visibility & weather,
temperature, wind.

turbulence, icing. remarks.

Example of PIREP
transmission:

“Pensacola METRO.
Rocket 501, holding 20
miles south of Navy
Pensacola. at 2100Z and
one-six thousand feet,
single T-39 Sabreliner,
we're IFR in stratus
clouds, temperature —15°
C. winds 330 at 25. no
turbulence, Light Rime
Temg, flying 200 knots
indicated.

Icing may be rime. clear, or mixed:

Mixed ice — A combination of rime and clear ice.

Rime 1ce — Rough milky opaque 1ce formed by the instantaneous freezing of small
super-cooled water droplets.

Clear ice — A glossy. clear or translucent ice formed by the relatively slow freezing of
large super-cooled water droplets.

Table 4-3 — Icing Reporting Criteria

VISIBILITY DEFINITIONS
Visibility is important to all aviators since it plays an essential role in takeoffs, approaches, and
landings. Visibility is defined as the ability to see and identify prominent unlighted objects by
day and prominent lighted objects at night, and is expressed in statute miles, hundreds of feet, or
meters. There are several particular methods of reporting visibility, some of which are defined

below.

Flight Visibility — The average forward horizontal distance, measured in statute miles from the
cockpit of an aircraft in flight, at which a pilot can see and identify prominent unlighted objects
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by day and prominent lighted objects at night.

Prevailing Visibility — The greatest horizontal visibility, measured in statute miles, equaled or
exceeded throughout at least half the horizon circle, which need not be continuous. Figure 4-11
illustrates how prevailing visibility is determined. The center of the circles depict the observation
point, and the edge of the circles represent a distance of 3 miles, the furthest that prominent
objects may be seen and identified. In the left depiction, the maximum visibility common to half
or more of the horizon circle is 3 miles, so the prevailing visibility is 3 miles. If a bank of fog
were to roll in to the airfield, as in the right depiction, visibility toward the east would be
reduced. However, the observer can still see 3 miles throughout at least 180° of view, so the
prevailing visibility is still 3 miles. Look at the visibility for each of the runways, and notice how
the actual visibility may vary significantly from the prevailing visibility.

Figure 4-11 — Prevailing Visibility Determination

Slant Range Visibility — The distance on final approach when the runway environment is insight. This
is probably the most vital weather information needed during a final approach in questionable weather.
Unfortunately, slant rage visibility is not often provided because of great difficulty in estimating or
measuring it from the ground. RVR provides the best indication of the slant range visibility. However,
other weather information such as precipitation and prevailing visibility help indicate slant range
visibility.

Runway Visual Range (RVR) — The horizontal distance, expressed in hundreds of feet or meters,
a pilot will see by looking down the runway from the approach end. For take off and landing
under IFR, prevailing visibility is not as important as the visibility within the runway
environment.

Surface vs Flight Visibility
RVR and prevailing visibility are horizontal visibilities near the Earth’s surface. They may be
quite different from the vertical visibility when looking down at the ground from an aircraft in
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flight. For example, surface visibility may be seriously reduced by fog or blowing snow, yet only
a slight reduction in visibility is apparent when viewed from above the field. In Figure 4-12, the
airfield may be seen relatively clearly from above the fog. When descending to the level of the
fog, however, the airfield may disappear from sight. In another situation, flying into the setting
sun on a hazy day may reduce flight visibility to values less than the surface visibility. When
given the surface visibility, learn to anticipate what your flight visibility is likely to be. It may
vary, depending on other weather conditions present.
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Figure 4-12 — Surface vs. Flight Visibility

Obscuring Phenomena

Obscuring phenomena are any collection of particles that reduce horizontal visibility to less than
six miles. They may be either surface based or aloft. Examples include fog, haze, smoke,
volcanic ash, and blowing spray, to name a few.

Haze produces a bluish color when viewed against the ground. Although haze may occur at any
level in the troposphere, it is more common in the lower few thousand feet. Haze is associated
with a stable atmosphere. The top of a haze layer, which is usually confined by a low-level
inversion, has the appearance of a horizon when viewed from above the layer. In this case, the
haze may completely obscure the ground in all directions except the vertical. Dense haze may
reduce visibility to less than 3 miles, with slant range visibility generally less than surface
visibility. Visibility in haze is lower when looking toward the Sun than away from it.

Smoke causes the sunrise and sunset to appear very red. Smoke reduces visibility in a manner
similar to haze. Smoke from forest fires is often concentrated in layers aloft with good visibility
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beneath. Smoke may be a major concern near industrial areas. Smoke from forest fires has been carried
great distances at high altitudes. Aircrews flying at these altitudes may encounter dense
smoke, although the lower altitudes are clear.

Rain and Drizzle — Precipitation in its liquid form can, on its own, reduce visibility. Precipitation
also reduces visibility as it streams across a windshield or canopy. Drizzle is a feature of stable
air, and fog or smog are also likely to be present. Therefore, drizzle may result in extremely poor
visibility. Approaches and the ensuing transition to visual flight can be very hazardous since
moderate to heavy rain conditions can seriously affect the recognition of visual cues. Night
approaches in these conditions can be even more critical as you may be distracted by the
aircraft’s flashing strobes or sequenced flashing runway lights.

Snow —Snow affects visibility much more than rain or drizzle and can easily reduce visibility to
less than 1 mile. It is often difficult to see snow falling ahead of you; you may enter the snow
unexpectedly.

Blowing Snow — Fine, dry snow can be easily lifted by the wind up to 300 feet AGL, depending
on wind strength and air stability. During or after a fresh snowfall with brisk winds, surface
visibility may be reduced to less than % mile. Blowing snow is accompanied by many of the
same hazards as rain, such as turbulence (creating difficulties in reading flight instruments) and
obscured visual cues (a lack of visual cues for runway identification during the visual portion of
the approach). The approach and runway lights will provide some identification of the runway
environment; however, runway markings may be lost in the whiteness. Therefore, depth
perception will be difficult, requiring more emphasis on instruments.

Dust and Sand form when strong winds combined with unstable air and loose, dry soil can blow
dust or sand into the air. Dust is finer than sand, and strong winds may lift the dust to
considerable heights. Sand will usually be limited in altitude to 50 or 100 feet. In severe
conditions, visibility can be near zero. Blowing dust is common behind cold fronts moving
rapidly across prairies in early spring before a cover of vegetation has appeared. This effect may
cause blowing dust conditions and reduced visibilities over a wide area.

SKY COVERAGE AND CEILINGS

For determining the amount of sky covered by clouds, the celestial dome is divided into 8ths. The
terms contained in Table 4-4 are used to report the percentage of sky coverage as well as any
obstructions to visibility. These coverages apply to a given altitude; therefore, more than one is
normally reported. For example, the sky may be reported as follows: SCT at 2000 ft., BKN at
5000 ft., OVC at 10,000 ft., where the altitudes refer to the bases of the cloud layers in feet AGL.
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Reportable Contractions - Meaning " Amount of Sky Cover
SKC or CLR" Sky Clear 0/8
FEW- Few > 0/8 - 2/8
SCT Scattered 3/8-4/8
BEN Broken 5/8-7/8
ovc Overcast 8/8
Vv Obscured’ 8/8 (surface based)

1. The abbreviation CLR is used at automated stations when no clouds at or below 12,000
feet are reported: the abbreviation SKC is used at manual stations when no clouds are
reported.

2. Any amount less than 1/8 is reported as FEW.

3. The last 3 digits report the height of the vertical visibility into an indefinite ceiling.

Table 4-4 — Sky Coverage Contractions

A ceiling is the height above the ground (AGL) ascribed to the lowest broken or overcast layer;
or the vertical visibility into an obscuring phenomenon (total obscuration).

Vertical visibility is the distance that can be seen directly upward from the ground into a surface based
obscuring phenomenon. This term is used when the celestial dome is totally hidden from

view (8/8s) by some surface based obscuration, and the reported ceiling is determined by

measuring the vertical visibility upward as seen from the ground. In this type of situation, the

base of the obscuration is less well defined, but it may still be possible to see upwards into the
moisture (or other obstruction) for a short distance. While this does constitute a ceiling, it is
sometimes referred to as an “indefinite” ceiling, and the distance that can be seen upward into

the phenomenon is then given as the vertical visibility. For example, if the sky were totally

hidden by fog which touched the ground, but a ground observer could see a weather balloon

ascend upward into the fog for 200 feet, she would report a vertical visibility of 200 feet.

It is important to realize that the vertical visibility of 200 feet in the foregoing example is very
different from a cloud ceiling of 200 feet. With a low cloud ceiling, a pilot normally can expect
to see the ground and the runway once the aircraft descends below the cloud base. However, in
the case of vertical visibility, the obscuring phenomenon also reduces the slant range visibility.
Therefore, a pilot will have difficulty seeing the runway or approach lights clearly even after
descending below the level of the reported vertical visibility.

If the weather observer on the ground is able to see part of the celestial dome or some clouds
through an obscuring phenomenon (a partial obscuration) it is reported as few, scattered, or
broken as appropriate, and assigned a height of 000 to indicate it is a surface based phenomenon.
If clouds are present, their bases and amount or coverage are also reported.
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Surface based obscuring phenomena classified as few, scattered, or broken also present a slant
range visibility problem for pilots on approach for a landing but normally to a lesser degree that
when the celestial dome is completely hidden. Thus, partial obscurations are not considered
ceilings.

Fog vs Stratus

Fog related low ceilings and reduced visibility are among the most common and persistent
weather hazards encountered in aviation. Since fog occurs at the surface, it is primarily a hazard
during takeoff and landing.

Fog is a visible aggregate of minute water droplets that is based at or within 50 feet of the
surface, is greater than 20 feet in depth, and reduces the prevailing visibility to less than % of a
statute mile. Fog reduces horizontal and vertical visibility and may extend over a large area.

Fog that extends no more than 200 feet in height is considered shallow fog and is normally
reported as a partial obscuration. Since the fog may be patchy, it is possible that visibility will
vary considerably during the approach and rollout. RVR may not be representative of actual
conditions in this situation if the measuring equipment is located in an area of good visibility.

One of the most serious problems with shallow fog stems from the abundance of cues available
at the start of the approach. You may see the approach lighting system and possibly even some of
the runway during the early stages of the approach. However, as the fog level is entered, loss of
visual cues may cause confusion or disorientation. In these conditions, you should not rely
entirely on visual cues for guidance. Bring visual cues into your instrument cross-check to
confirm position, but maintain instrument flight until visual cues can provide sufficient
references for landing.

Dense fog normally causes a total obscuration. You will not normally see visual cues during the
early portion of an approach. Strobe lights and landing lights may cause a blinding effect at
night. Transitioning to land in a total obscuration involves the integration of visual cues with the
instrument cross-check during the latter portion of the approach.

A layer of low clouds forming a ceiling is usually formed from stratus clouds. Stratus, like fog, is
composed of extremely small water droplets or ice crystals suspended in the air. The main
distinction between fog and stratus is that a stratus layer is not surface based. It is above the
ground (greater than 50 feet AGL) and does not reduce the horizontal visibility at the surface. An
observer on a mountain enveloped in the layer would call it fog, while one farther down the slope
would call it stratus. In fact, the requirements for formation of fog contain many of the same
items listed in the requirements for cloud formation.

Fog Formation
The formation of fog or cloudiness of any type is dependent on the air becoming temporarily
supersaturated (contains more moisture than the air can hold at that temperature). Once the air
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reaches a supersaturated state, the excess moisture in the air condenses out of solution into
minute water droplets that are light enough to remain suspended in the air. If the condensed
water particles form in sufficient amount near the surface, the resulting condition is fog. For fog
to form, three conditions must be satisfied: (1) condensation nuclei must be present in the air, (2)
the air must have a high water content (a low dew point spread), (3) and light surface winds must
be present.

Recall from Chapter 2 that when the air temperature is equal or nearly equal to the dew point
temperature, there is a low dew point spread, and the air is close to saturation. Once saturation is
achieved—either through the cooling of the air or through the evaporation of water into the
atmosphere—water will condense from the vapor state into water droplets or ice crystal.

400’

200" TEMP. 66.9/D.P. 66.8

D.P 66.2

. \9
’,) DEW POINT RATE UNTIL SATURATION
o, 1°F./ 1,000

TEMP. 68
DEW POINT 67

o' L

Figure 4-13 — Wind Causing Eddy Currents, Cooling Air to Saturation

Wind velocity is an important consideration in the formation of fog. As will be discussed shortly,
the radiational cooling of the Earth’s surface is one of the main causes of fog formation. When
light surface winds are present, on the order of 1 to 10 knots, the speed differential resulting from
friction slowing the air directly next to the surface causes the air to tumble in a mild eddy current
(Figure 4-13). This brings more air in contact with the surface, enabling more air to be cooled,
producing a thicker layer of condensed moisture. If the winds become too fast, however, this
layer lifts away from the ground, lifting the bases higher with increasing speeds.

Types of Fog
The two main types of fog are radiation fog and advection fog.
Radiation Fog
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Ralph F. Kresge

Figure 4-14 — Radiation Fog

Radiation fog (Figure 4-14) occurs due to nocturnal cooling, usually on clear nights, when the
Earth releases relatively large amounts of radiation into the atmosphere, cooling the surface.
(Cloudy nights, on the other hand, reflect most terrestrial radiation back to the Earth, reducing the
amount of cooling through a “blanket” effect.) Radiation cooling actually begins after the
maximum daily temperature is reached, usually between 1530 and 1600 local time. Cooling
continues until sunrise or shortly after sunrise, and it effects only the lower limits of the
atmosphere. If nocturnal cooling reduces the air temperature to the dew point temperature, fog or
low ceiling clouds will develop in the area. Winds play an important factor in fog formation.
Winds less than 5 knots usually results in shallow fog. Winds of 5 to 10 knots will usually cause
dense fog. Winds of greater than 10 knots will usually dissipate the fog and cause low stratus or
stratocumulus clouds to form. The other way radiation fog can dissipate is through solar heating.
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\ After sunrise -
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Figure 4-15 — Dissipation of Radiation Fog

In considering the dissipation of fog and low clouds, consideration should be given to the rate at
which the ground temperature can increase after sunrise. Vertically thick fog or multiple cloud
layers in the area will slow down the morning heating of the ground. Only the heating of the
ground can increase the temperature of the air overlying the ground. Once the surface air
temperature rises, the ability of the air to hold more water vapor increases, and the fog particles
tend to evaporate (Figure 4-15).

Advection Fog

Advection fog occurs when warm, moist air moves over a cold surface and the air is cooled to
below its dew point. Common in coastal areas, it is often referred to as sea fog when observed to
come from the sea. Fog of this type becomes thicker and denser as the wind speed increases, up
to about 15 knots. Winds much stronger than this lift the fog into a layer of low stratus.
However, in some oceanic areas, sea fog has been known to persist with winds as high as 40
knots. Advection fog can stay over the water for weeks, moving over the land late in the day and
moving back over the water the next morning.
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NOAA Histori cal Photo Collection]

Figure 4-16 — Advection F

The west coast of the United States is quite vulnerable to sea fog (Figure 4-16). This frequently
occurring fog forms offshore—largely as a result of very cold water from the ocean depths rising
to the surface, cooling the moist air above it-and is carried inland by the wind. Advection fog
over the southeastern United States and along the Gulf Coast results from moist tropical air
moving over cold ground. It is, therefore, more frequent in winter than in summer.

Advection fog dissipates only with a wind shift, blowing the fog away, usually back out over the
sea. Incoming solar radiation will seldom cause the dissipation of advection fog because its
thickness generally prevents enough radiation to warm the Earth sufficiently. The high specific
heat of water and the resulting stable temperature also prevents any solar heating from causing
the dissipation of sea fog. Only a change in wind direction that moves the air from a colder
surface to a warmer surface, reversing the saturation process, can cause advection fog to
dissipate.

VOLCANIC ASH CLOUDS
Volcanic eruptions are rare, but the severe effects ash clouds have on an aircraft make it
important to understand the hazards in order to minimize or avoid them.

Volcanic ash clouds create an extreme hazard to aircraft operating near (especially downwind) of
active volcanoes. Aircraft flying through volcanic ash clouds have experienced a significant loss
of engine thrust and/or multiple engine flameouts along with wing leading edges and windshields
being sandblasted.

Flight into an area of known volcanic activity must be avoided. Avoiding volcanic ash clouds is
particularly difficult during hours of darkness or in daytime instrument meteorological
conditions when the volcanic ash cloud may not be detected by the flight crew. Volcanic ash
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clouds are not displayed on airborne or Air Traffic Control (ATC) radar, as the radar reflectivity
of volcanic ash is roughly a million times less than that of a cumuliform cloud.

A volcanic ash cloud is not necessarily visible, either. Aircrews have reported smelling an acrid
odor similar to electrical smoke and smoke or dust appearing in the aircraft, but not seeing the ash
cloud. Expect minor eye irritation if odors become noticeable (i.e., eyes watering). Remove
contact lenses if this occurs. Consider using oxygen when odors or eye irritation occurs.

If volcanic activity is reported, the planned flight should remain at least 20 NM from the area
and, if possible, stay on the upwind side of the volcano even when flying outside of the 20 NM
limitation. Volcanic ash clouds may extend downwind for several hundred miles and thousands
of feet in altitude. VVolcanic ash can cause rapid erosion and damage to the internal components
of engines with loss of thrust within 50 seconds.

Since airborne radar cannot detect volcanic ash clouds, weather forecasts are occasionally wrong,
and ash clouds may be hidden by other clouds, inadvertent flight through an ash cloud may
occur. It may be difficult to determine if you are in an ash cloud when flying through other
clouds or at night. The following conditions may indicate you have inadvertently flown into an
ash cloud:

1. Airspeed indications may fluctuate greatly or appear unusually high or low due to volcanic
dust blocking the pitot-static system. Establish the proper pitch and power settings required
by the Dash One or the NATOPS Flight Manual for flying with an unreliable airspeed
indicator.

2. An acrid odor similar to electrical smoke may be present.

3. Arise in oil temperature could indicate dust-plugged oil cooler(s).

4. Torching (flames) from the engine tailpipe(s) may occur.

5. Volcanic ash/dust may be blown into the cockpit through the aircraft air conditioning
system.

6. Windshields become pitted so severely that they are translucent. In addition, the abrasive
cloud particles will sandblast the aircraft’s leading edges.

7. At night, St. Elmo’s fire and static discharges around the windshield are often visible. A
bright orange glow in engine inlets frequently occurs.

8. At night, or in dark clouds, landing lights cast dark distinct shadows in ash clouds (unlike
the fuzzy, indistinct shadows that are cast against moisture clouds).

9. Multiple engine malfunctions such as power surges, loss of thrust, high EGT, or compressor
stalls. These result from ash buildup and blockage of the high-pressure turbine guide vanes
and high-pressure turbine cooling ports.

10. More than one or all engines may flameout, since all engines are exposed to the same ash
cloud.

If you encounter volcanic ash in flight, the best procedure is to perform a 180 degree turn
immediately and leave the area. Consider also a reduction in altitude, as hot ash has most likely
ascended in convective currents before forming the cloud. Reduce thrust to the minimum
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practical and monitor your engine instruments for indications of a possible flameout. If engines
flameout, continue attempting restart procedures, as exiting the ash cloud may improve the
probability of light off. Declare an in-flight emergency as soon as practicable, and land at the
nearest suitable airfield. Transmit PIREPs to military weather stations to report the location of
the volcanic ash cloud (to warn other aircrews). As soon as safely possible, record the altitude,
location, duration of exposure, and any related malfunctions observed, since special aircraft
cleanup procedures are required after flight through volcanic ash.
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ASSIGNMENT SHEET 3-4-3

WEATHER HAZARDS REVIEW

A. INTRODUCTION

The purpose of this lesson is to provide the student with a background knowledge of aviation
weather to include the hazards associated with turbulence, icing, ceiling and visibility, fog, and ash
clouds.

B. ENABLING OBJECTIVES
C. STUDY ASSIGNMENT

1. Review JPATS Aviation Weather Booklet, JX100 Chapter JX104
2. Read JPATS Aviation Weather Booklet, X100 Chapter JX105

D. STUDY QUESTIONS

1. Which one of the following is NOT one of the classifications used to describe turbulence?
a. Trace

b. Light
¢. Moderate
d. Extreme

2. Which one of the following may cause mechanical turbulence when air is flowing over it?
a. Irregular terrain
b. Buildings
c. Mountains
d. All of the above

3. Which one of the following is not one of the cloud formations associated with mountain
wave turbulence?

a. Lenticular cloud
b. Roll cloud

c. Rotor cloud

d. Cap cloud
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4. Frontal turbulence would be the most severe when associated with a
a. fast moving warm front
b. fast moving cold front
c. slow moving warm front
d. slow moving cold front

5. Which one of the following is not one of the recommended procedures for flying through
turbulence?
a. Establish and maintain thrust settings consistent with cruise airspeeds
b. Control attitude by referencing the attitude gyro indicator
c. To avoid overstressing the aircraft, don’t make abrupt control inputs
d. Allow airspeed and altitude to vary; don’t chase the altimeter

6. What conditions are necessary for the formation of ice on aircraft?
a. Freezing temperatures, invisible moisture, and rain
b. Freezing temperatures, visible moisture, and aircraft skin temperature below freezing
c. Freezing temperatures, humidity above 75 percent, and aircraft skin temperature below
freezing
d. Freezing temperatures, strong head winds, and clear skies

7. An aviation hazard associated with structural icing is that it results in
a. a reduction of lift by changing the airfoil characteristics
b. a decrease in airspeed
c. a decrease in drag
d. both a and c are correct

8. Clear icing will generally be encountered between a temperature range of
a.—2°Cand-10°C
b.0° Cand -10° C
c.0°Cand-20°C
d. +2° Cand —20° C
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In questions 9 through 12, match the types of structural ice in column B with the correct
descriptions in column A.

A B
9. Formed from small super-cooled water a. Clearicing
droplets in stratiform clouds of stable air b. Rime icing
10. Consists of ice erystals formed by ¢. Mixed icing
deposition.
P d. Frost

11. Formed by large individual water
droplets freezing as they strike the
aircraft surface

12. Considered to be the most frequently
encountered type of icing

13. What happens to stall speed when ice forms on the wings of an aircraft?
a. It will increase
b. It will decrease
c. It will remain the same
d. All of the above

14. Engine failure due to icing conditions encountered by a jet aircraft is generally the result of
a. carburetor icing
b. a rapid drop in exhaust gas temperature
c. a decrease in the fuel-air ratio
d. induction icing

15. Ice in the pitot tube or static ports could affect instruments, depending on the type of aircraft
and its system hookup.
a. True
b. False
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16. Which one of the following would be correct if an aircraft attempted to take off without
removing frost that has formed during the night?
a. Increase in the stall speed
b. Lift and drag/ratios will be affected
c. Extensive weight increase
d. All of the above are correct
e. Only a and b are correct

17. Which one of the following types of clouds would you most likely be flying through if
encountering clear icing?
a. Nimbostratus
b. Cumulus
c. Cirrocumulus
d. Both b and c are correct

18. Which one of the following states a correct evasive tactic for use when wet snow or freezing
rain is encountered?
a. Climb or descend to colder air in either case
b. Climb or descend to warmer air in either case
c. Climb to colder air with wet snow and climb to warmer air with freezing rain
d. Climb to warmer air with wet snow and climb to colder air with freezing rain

19. Which one of the following is NOT one of the classifications used to describe icing?
a. Light
b. Moderate
c. Severe
d. Extreme

20. Which one of the following conditions would most likely result in frost on an aircraft?
a. Cloudy nights, 5 knots of wind, dew point 28° F
b. Clear nights, no wind, dew point of 28° F
c. Clear nights, 5 knots of wind, dew point of 32° F
d. Cloudy nights, no wind, dew point of 37° F

21. Which one of the following describes a basic type of fog classification?
a. Air mass
b. Advection
c. Adiabatic
d. All of the above are correct
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22. Which one of the following will result in the saturation of an air mass?
a. Rising dew point
b. Lowering humidity
c. Lowering dew point
d. Rising temperature

23. A layer of condensed water vapor is considered to be fog if its base is at or below 20 feet
above terrain elevation and greater than 50 feet in thickness.
a. True
b. False

24. Radiation fog could be expected in areas characterized by
a. low wind speed, and clear skies
b. low wind speed, and cloudy skies
c. high wind speed, and cloudy skies
d. high wind speed, and clear skies

25. What phenomenon would your aircraft be flying through if experiencing a rise in oil
temperatures, acrid odor (possibly from an electrical fire), airspeed fluctuations, pitted
windscreens, and a bright orange glow around the engine inlets?

a. Advection fog

b. Microburst

c. Volcanic ash cloud

d. Mountain wave turbulence
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Answers:
1A 14.D
2.D 15.A
3.B 16.E
4.B 17.B
5 A 18.C
6.B 19.D
7.A 20.B
8.B 21.B
9.B 22.A
10.D 23B
11.A  24.A
12.C 25.C
13.A
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Turbulence
Turbulence Definition
Irregular or disturbed atmospheric flow producing gusts and/or eddies.
Intensity classification
Light
Moderate
Severe

Extreme

Light Turbulence
Momentary slightly erratic changes
Altitude
Attitude
Pitch
Roll
Yaw
Slight strain against seat belts and shoulder straps.
Unsecured objects displaced slightly.

Moderate Turbulence
Larger changes in altitude and/or attitude.
Variations in indicated airspeed.
Definite strain against seat belts and shoulder straps.
Unsecured objects dislodged.

Severe Turbulence
Large abrupt changes in altitude and/or attitude.
Large variations in indicated airspeed.
Unsecured objects tossed about.

Aircraft may be momentarily out of control.
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Extreme Turbulence
Aircraft violently tossed about.
Control difficult or impossible.
Possible structural damage.
Declare Emergency.
Exit area ASAP

Duration of Turbulence
Occasional - Less than ' of the time
Intermittent - ¥ to % of the time

Continuous - More than % of the time

Classification and Types
Turbulence Classifications
Turbulence classified by causative factors.
Thermal
Mechanical
Frontal
Wind Shear

Clear Air Turbulence (CAT)
Not associated with clouds or convective activity.
Usually in Jet Stream.
Most severe there
Any of four classifications can be CAT.
Wind shear almost always CAT.

Sheet 8 of 24
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Thermal Turbulence
Also called Convective Turbulence.
Vertical air movement
Result of heating from below.
Solar heating
Cold air moving over warmer surface.
Strength depends on type of surface.

Mechanical Turbulence

Caused by passage of wind over
obstructions.

Buildings

Irregular terrain/ mountains
Strength and magnitude dependent on

Wind speed

Roughness of terrain

Stability of the air

Sheet 9 of 24

Cities & factories I I
Densely wooded
FPlowed field

Water bodies
Grassy area

Thermal Turbulence
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Mountain Wave

Strong winds blowing
perpendicular to a mountain
range.

Form standing waves

Turbulence can be in clear %
air as well as in clouds.

Clouds best way to
determine if turbulence
present.

Mountain Wave

Rotor Cloud

Form downwind from and parallel to mountain range.

Cylindrical shape

Downward flow has been known to reach the ground.
Cap Clouds

Cover top of mountain

Remain stationary

Lenticular Clouds

Form on leeward side of
mountain from standing waves.

FOR TRAINING USE ONLY 343



TRAINEE GUIDE Q-9B-0020K

Assignment Sheet 3-4-3 Sheet 11 of 24

Local Intensities
Rule of thumb for turbulence proximity/intensity
With 50 knots wind at altitude of peak - EXTREME
Up to 150 miles downwind - SEVERE
Up to 300 miles downwind - MODERATE

Avoiding Mountain Wave Turbulence
Circumnavigate if possible.
Fly 50% higher than peak.
Avoid rotor, cap, lenticular clouds.
Approach mountain range at a 45° angle.
Avoid strong downdrafts on leeward side of mountain.
Pressure changes affect pitot-static instruments.

Fly recommended turbulent air penetration speed.

Frontal Turbulence
Caused by warm air lifted by cold front.
Most severe in fast-moving front.

No turbulence in warm front due to little or no lifting.

Wind Shear Turbulence

Sudden change in wind speed or direction over short distance, vertically or horizontally.
Generally occurs in clear air.
Greater the change more severe the turbulence.

Three types
Jet stream
Gusty winds
Temperature inversion

Land and sea breezes, mountain winds, thunderstorms also produce wind shears.

Wind Shear - Jet Stream
Rapid change of wind speed short distance from core.
Vertical shear more significant than horizontal.

Exit by turning south or changing altitude.
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Wind Shear - Gusty Winds
Gusty winds at low levels can create problem during approach and landing or takeoff.
Wind Shear - Temperature Inversion
Extreme wind shear turbulence may be formed when strong inversion exists near ground.
Stable conditions near ground
If strong winds exist in upper warmer air
Wind shear produced at layer boundary
Sudden change in wind direction/velocity causes loss of airspeed, lift.
Can be catastrophic if not compensated.
Closer inversion to ground, less time to react.
Can be unexpected in clear air.
Compensate with added airspeed.
Anticipate higher descent rates.

Turbulence Procedures
Maintain PCL setting consistent with desired turbulent air penetration airspeed.
Trim aircraft for level flight.
Do not chase airspeed deviations with power corrections.
Severe turbulence causes large rapid variations.
Allow altitude to vary; do not chase altimeter.
Vertical gusts cause significant altitude deviations.
Maintain pitch and bank by reference to attitude indicator.

Aircraft Icing
Icing Classification
Aircraft icing classified into two main groups.
Structural icing

Engine icing
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Icing Categories
Structural icing
Forms on external surfaces of aircraft.
Icing types:
Clear
Rime
Mixed
Frost
Engine icing
Affects engine areas
Compressor icing
Induction icing
Icing Requirements
Visible moisture
Super-cooled water droplets
Liquid water at air temperatures below freezing
Clouds most common form
Free air temperature and aircraft’s surface temperature below freezing.
Clear Icing
Found at temperatures between 0° and -10° C.
Large water droplets freeze slowly, spreading out and assuming shape of airfoil.
Found in cumulus clouds; unstable conditions.
Rime Icing
Found at temperatures between -10° and -20° C.
Small water droplets freeze instantaneously, retaining shape.
Air bubbles do not escape, causing opaque (milky white) color and brittleness.
Found in stratiform clouds; stable conditions.
FOR TRAINING USE ONLY 346



TRAINEE GUIDE Q-9B-0020K

Assignment Sheet 3-4-3 Sheet 14 of 24

Mixed Icing
Combination of clear and rime.
Most common type.
Found at temperatures between -8° and -15° C.
Lumpy (like rime) but hard and dense (like clear).

Frost
Occurs on clear, calm nights.
Lack of clouds promotes radiational cooling.
Little or no wind allows moisture to deposit as ice crystals (deposition).
May also form in flight when descending from below freezing temperatures into high humidity.
Does not add weight, but still disrupts boundary layer air flow over wings, increasing stall speed.

Frontal Icing - Warm Front
Stratiform clouds
Rime icing
Low rate of accumulation
Widespread area of icing
Frontal Icing - Cold Front
Cumuliform clouds
Clear Icing
High rate of accumulation
Limited area of icing
Frontal Icing - Occluded Front
Mixed clouds
Stratus and cumulus
Mixed icing
Rime, clear, and mixed
Rapid and heavy accumulation

Very widespread area of icing
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Effects and Hazards
Aerodynamic Effects
Most hazardous aspect of structural icing.
Alters shape of airfoil changing the stall angle of attack.

Performance Effects
Decreases
Lift
Thrust
Range
Increases
Drag
Weight
Fuel consumption
Stall speed
Effects on stall speed can be fatal if not predicted.
All others provide time to take appropriate action (except lift, during takeoff).

Other Effects
Pitot-static system - faulty instrument indications
Inhibits control surface movement and antenna transmission.

Other Types of Icing
Engine Icing
Two types of engine icing
Induction icing
Compressor icing
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Induction Icing
Also known as inlet icing.

Clear skies and above freezing
temperatures.

Taxi and departure

Reduced pressures in intake system.
Lowers temperature
Condensation
Ice formation

High probability with air temperatures
+10° C or less and high relative
humidity.

Compressor Icing

Forms on compressor inlet guide
vanes.

Both induction and compressor icing
restrict airflow and could FOD engine.

Ground Icing Hazards
Frost usually found first thing in morning.
Remove prior to flight.
De-icing fluids highly corrosive.

Should not be sprayed down intakes or
other openings.

FOR TRAINING USE ONLY 349



TRAINEE GUIDE Q-9B-0020K

Assignment Sheet 3-4-3 Sheet 17 of 24

Other Ground Hazards
Taxiing through mud, slush, or water.
Splashed on aircraft surfaces.

Can freeze later at higher altitudes and
colder temperatures.

Runway braking conditions
Hazardous to control during braking of
aircraft.
Avoiding Icing Hazards
Avoiding Icing
Icing conditions
Visible moisture
0°to-20°C

At low altitude or mountainous terrain

Two options when encountered
Climb
Out of visible moisture
To colder temperature
Frozen moisture not an icing hazard.
To warmer temperature
If below warm front or temperature inversion.
Descend
Out of visible moisture
Below freezing level

If visible moisture or freezing level on surface, descending not an option.

Anti-lce/De-Ice
Anti-Ice
Prevents icing
De-Ice

Removes existing ice
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Three types of anti-ice/de-ice equipment
Fluid
Lowers freezing point of water.
Ground fluids sprayed on aircraft.
Prevent or remove icing.
In-flight fluids
Pumped onto aircraft surfaces to prevent icing.

Mechanical
Rubber bladders on leading edge of airfoils.
Expand and contract
Prevent ice buildup
Most common on thick-winged aircraft.

Heat
Increases aircraft surface temperature.
Anti-icing or de-icing
Electrically
Hot air bled off engine

Minimizing Icing Effects

Avoid areas of known or forecast icing.

Avoid clouds and precipitation at temperatures between 0° and -20° C.
Especially at low altitudes over mountainous terrain

Minimize bank angle and high AOA
Increased stall speed

Climbing may alleviate icing conditions associated with warm fronts.

Do not fly parallel to a front in icing conditions.
Maximizes exposure time to icing.

Remove ice or frost prior to takeoff.

USE COMMON SENSE!
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Icing Intensities
Icing reported in PIREPSs by type (clear, rime, mixed) and intensity.
TRACE
Ice becomes perceptible.
Rate of accumulation slightly greater than sublimation.
De-icing/anti-icing not used unless encountered for extended time.

LIGHT
Rate of accumulation can be a problem over extended time (over one hour).
Occasional use of de-ice/anti-ice equipment prevents accumulation.

Not a problem if equipment used.

MODERATE
Rate of accumulation potentially hazardous.
Even for short encounters
De-ice/anti-ice equipment or diversion necessary.

SEVERE
Rate of accumulation extreme.
De-ice/anti-ice equipment fails to reduce or control.
Immediate diversion necessary.
Visibility
Visibility
Ability to see and identify.
Prominent unlighted objects by day
Prominent lighted objects at night
Expressed in
Statute miles
Hundreds of feet

Meters
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Flight Visibility
Average forward horizontal distance from cockpit.
See and identify.
Prominent unlighted objects by day
Prominent lighted objects at night
Measured in statute miles
Prevailing Visibility
Greatest horizontal visibility

Equaled or exceeded throughout over half
horizon circle.

Measured in statute miles.

Need not be continuous.

Slant Range Visibility
Distance on final approach at which runway environment in sight.
May be reported by PIREP.
Can be estimated by meteorologists.

Runway Visual Range (RVR)
Horizontal distance seen by looking down runway from approach end.
Reported in meters or hundreds of feet.
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Obscuring Phenomena

Visibility reported obscured

When reduced less than 6 miles.

Cause reported
Depending on phenomenon, visibilities can differ greatly in same location with different points of view.
Types of phenomena:

Fog

Haze

Smoke

Rain and drizzle

Snow

Blowing snow, dust, or sand

Sky Coverage and Ceilings
Sky Coverage
Reported in eighths
Height of cloud bases given in hundreds of feet AGL.

Ceiling
Height above ground (AGL)

Lowest broken or overcast layer
Vertical visibility (VV) into an obscuring phenomenon.

Reportable . Amount of
P - Meaning
Contractions Sky Cover
SKC or CLR' Sky Clear 0
FEW® Few =0/8 -28
SCT Scattered 36 -448
BKH Broken 9/8 -748
ovC Overcast 88
vy Ohscured” 8/8 (surface hased)
1. The abhreviation CLRE i5 used at automated stations when no clouds at or below 12,000
feet are renorted; the abbreviation SKC is us ed at manual stations when no clouds are
reported.
2. Any amount less than 18 is reported as FEW.
3. The last 3 digits report the height of the vertical visibility into an indefinite ceiling.
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Obscurations
Vertical visibility (VV) is distance seen directly upward from the ground into a total obscuration.
Used when sky is totally hidden.
Base within 50 feet of surface.
Hazardous
Reduces slant range visibility
Referred to as indefinite ceiling.

Fog
Fog Definition
Visible layer of condensed moisture.
Base at or within 50 feet of surface.
Greater than 20 feet thick.
Reduces visibility to less than % mile.
Must meet all three conditions to be fog.
Two types of fog
Radiation

Advection

Requirements
Conditions required for formation of fog.
Condensation nuclei
High moisture content
Small temperature/dew point spread
Near equal (saturation)
Light surface winds
1 - 10 knots
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Radiation Fog
Caused by nocturnal radiation cooling.
Rate depends on
Surface composition
Vegetation
Cloud coverage
Ceiling
Light winds
Dissipation begins as sun warms surface.

Advection Fog
Warm moist air moves over cool surface.
At or near saturation
Cool surface reduces temp/dew point spread.
Usually forms over water.
Brought inland by winds.
Winds can be stronger.
Very thick layer
Only wind shift can dissipate.
Persistent

Volcanic Ash Clouds
Volcanic Ash Clouds Overview

Severe effects on aircraft and ability to remain
airborne.

Must avoid areas of known volcanic activity.
Eruption at night or near your time of flight.

Presence unknown until entering ash cloud.
Radar detection unlikely

Small size of particles

Volcanic Ash Cloud
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Flight in volcanic ash indicated by
Torching (flames) from engine tailpipe
St. Elmo’s Fire like effect
Bright glow in engine inlets
Hazards
Multiple engine malfunctions
Flameout
All engines affected on multi-engine aircraft.
Pitted windscreens
Affecting cockpit visibility
Sandblasting of external surfaces
Avoidance
Avoid flying in areas of known volcanic activity.
If encountering ash cloud
Do not proceed or try to fly over or under.
Hundreds of miles long
Thousands of feet thick
180° turn to escape
Notify nearest ATC and transmit PIREP.
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OUTLINE SHEET 3-5-1
THUNDERSTORMS
A. INTRODUCTION

The purpose of this lesson is to provide the student with a general discussion of thunderstorms,
including their associated hazards, microbursts and their hazards, and techniques to avoid them.

B. ENABLING OBJECTIVES

2.273 DESCRIBE the hazards associated with thunderstorms, in a classroom, in accordance with
Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.274 DESCRIBE the signs and hazards associated with microbursts, in a classroom, in
accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-200

2.275 EXPLAIN how radar can aid a pilot when flying in the vicinity of thunderstorms, in a
classroom, in accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-
200

2.276 DESCRIBE the recommended techniques for avoiding thunderstorm hazards, in a
classroom, in accordance with Naval Aviation Fundamentals, NAVAVSCOLSCOM-SG-
200

C. TOPIC OUTLINE

Thunderstorm Development
Tornadoes

Microbursts

Icing

Radar Thunderstorm Information
Avoiding

N o g s~ wnhoe

Penetration
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INFORMATION SHEET 3-5-2
THUNDERSTORMS
A. INTRODUCTION

The purpose of this lesson is to provide the student with a general discussion of thunderstorms,
including their associated hazards, microbursts and their hazards, and techniques to avoid them.

B. REFERENCES

1.  Weather for Aircrews, AFH 11-203
2. JPATS Aviation Weather Booklet, JX100

C. INFORMATION

OVERVIEW

Thunderstorms contain many of the most severe weather hazards. They are often accompanied
by strong wind gusts, severe turbulence, lightning, heavy rain showers, severe icing, and possibly
hail and tornadoes. As a result, thunderstorms should be avoided if possible.

About 44,000 thunderstorms occur daily over the earth and pilots can expect to encounter one
occasionally. In some tropical regions, thunderstorms occur year-round. In the mid-latitudes,
they develop most frequently in spring, summer, and fall. This chapter presents hazards a pilot
must consider when flying in the vicinity of, or actually entering, a thunderstorm. Being familiar
with these factors will help you better understand what is going on both inside and outside the
cockpit. Knowledge of thunderstorm characteristics and the application of tested procedures will
help aircrews operate more safely near thunderstorms.

THUNDERSTORM DEVELOPMENT

The basic requirements for thunderstorm formation are moisture, unstable air, some type of

lifting action, and building up through the freezing layer. Lifted air does not always result in
thunderstorm activity. Air may be lifted to a point where the moisture condenses and clouds form, but
these clouds may not grow significantly unless the air parcel reaches a point where it will continue to
rise freely (recall the LFC from Chapter 2). The higher the moisture content, the easier the LFC is
reached. One of the four lifting methods (from Chapter 2) is necessary to force warmer air from its
lower level to the LFC, which is the trigger to starting the cumulus cloud through the thunderstorm life
cycle. Once moist air is lifted in an unstable environment, the rapidly rising unstable air quickly forms
towering cumulus and eventual cumulonimbus clouds. The degree of vertical cloud growth often
indicates the potential severity of the thunderstorm.
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THE LIFE CYCLE OF A THUNDERSTORM CELL
Thunderstorm cells progress through three stages during their life cycle: the cumulus, mature, and

dissipating stages. A thunderstorm cell is simply an individual cumulonimbus cloud. It is virtually
impossible to visually detect the transition from one stage to another. A thunderstorm often consists of
a cluster of cells in different stages. The life cycle of each thunderstorm cell ranges from 20 minutes to
1% hours with a few lasting up to three hours. The life span of a line of thunderstorms depends on the
number of cells contained in the line and their stage of development.

Life Cycle of a T-Storm
1. Cumulus- Updrafts

2. Mature- Updrafts, Downdrafts and Hazards

3. Dissipating- Downdrafts and Hazards

Figure 5-1 — Thunderstorm Life Cycle

Cumulus Stage

Most cumulus clouds do not become thunderstorms. However, the initial stage of a thunderstorm is
always a cumulus cloud. The main feature of the cumulus stage is the updraft which may extend from
near the Earth’s surface to several thousand feet above the visible cloud top. The strongest updrafts
occur at higher altitudes late in the stage and may be greater than 3000 feet per minute. No
precipitation is associated with this stage, however significant turbulence exists.
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Mature Stage

The mature stage is reached when the raindrops and ice particles in the cloud have grown too large to
be supported by the updrafts and begin to fall. Rain and/or hail falling from the cloud base indicates a
downdraft has developed and the cell has entered the mature stages. The average cell grows to a
height of 25,000 feet during this stage. At higher latitudes, tops may be as low as 12,000 feet.

Dissipating Stage

Downdrafts continue to develop while the updrafts continue to weaken during the mature stage. As a
result, the entire thunderstorm cell becomes an area of downdrafts with precipitation in the dissipating
stage (Figure 5-2). Thunderstorms begin to dissipate when the updrafts, which are necessary to
produce condensation and the resulting release of heat, are no longer present. During this stage the
strong winds aloft may carry the upper section of the cloud into the familiar anvil form. However, the
appearance of an anvil does not indicate the thunderstorm is free of hazards. Severe weather is present
in many storms with a well-developed anvil.

Updrafts Downdrafts Hazards
Cumulus \
Mature v vV v
Dissipating vV V

Figure 5-2 Summary of Thunderstorm Stage Characteristics

THUNDERSTORM WEATHER HAZARDS
Thunderstorms are accompanied by some or all of the following hazards: extreme turbulence,
hail, microbursts, severe icing, lightning, and tornadoes.

Extreme Turbulence

Extreme turbulence is the most severe hazard associated with thunderstorms. One of the major
characteristics of every thunderstorm is updrafts and downdrafts that can occur near each other
creating strong, vertical shear and turbulence. This turbulence can extend over 5000 feet above the
cloud tops and down to the ground beneath the cloud base. It can damage an airframe and cause
serious injury to passengers and crew.

The first gust or gust front of an approaching thunderstorm is another form of turbulence that can
cause a rapid and drastic change in the surface wind (Figure 5-1). An attempt to take off or land
with an approaching thunderstorm nearby could have disastrous results. Gust fronts can travel 5
to 20 miles from the thunderstorm.
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Figure 5-1 — Gust Front

A roll cloud on the lower leading edge of a cumulonimbus cloud marks an area of strong eddy
currents and identifies the location of wind shear and severe turbulence occurring with the onset
of the gust front (Figure 5-3).

Figure 5-3— Roll Cloud

Large pressure changes can accompany thunderstorm formation due to the turbulence of updrafts
and downdrafts. Therefore, if the altimeter setting is not updated, the indicated altitude might be
in error by over 200 feet. The pressure variations associated with thunderstorms follow a
common pattern:

1. A rapid fall in pressure as the storm approaches
2. An abrupt rise in pressure with the onset of the first gust and arrival of rain showers
3. A gradual return to normal pressure as the storm passes and the rain ceases
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Hail

As arule, the larger the storm, the more likely it is to produce hail. Hail has been encountered as
high as 45,000 feet in completely clear air and may be carried 10 to 20 miles downwind from the
storm core. Aircrews should anticipate possible hail with any thunderstorm, especially beneath
the anvil of a large thunderstorm. Hailstones larger than %2 to % of an inch (Figure 5-4) can cause
significant aircraft damage in only a few seconds. Give yourself a clearance of at least 20 miles
around a thunderstorm.

Figure 5-4 — Hailstones

Lightning and Electrostatic Discharge

Lightning occurs at all levels in a thunderstorm. The majority of lightning bolts never strike the
ground, but occur between clouds or within the same cloud. Lightning also occurs in the clear air
around the tops, sides, and bottoms of storms. Aircrews flying several miles from a thunderstorm
can still be struck by the proverbial “bolt out of the blue.” Lightning strikes can also occur in the
anvil of a well-developed or dissipated thunderstorm. Additionally, lightning strikes in the anvil
have occurred up to 3 hours after the thunderstorm has dissipated.

An electrostatic discharge (ESD) is similar to a lightning strike, but it is caused by the aircraft
itself. The larger and faster the aircraft, the more particles it impacts, generating a greater static
electricity charge on the airframe. The electrical field of the aircraft may interact with the cloud
and an electrostatic discharge may then occur. Aircraft have reported damage from electrostatic
discharges occurring in cirrus clouds downwind of previous thunderstorm activity, in cumulus
clouds around a thunderstorm’s periphery, and even in stratiform clouds and light rain or
showers. This release of static electricity is frequently called Saint Elmo’s fire.

Aircraft Lightning or ESD Encounters

Lightning strikes and electrostatic discharges are the most reported weather related aviation
incidents. All types of aircraft are susceptible to lightning strikes and electrostatic discharges.
Aircraft have been struck by lightning or experienced electrostatic discharges at altitudes ranging
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from the surface to at least 43,000 feet.

Most lightning strikes occur when aircraft are operating in one or more of the following
conditions:

1. Within 8° C of the freezing level

2. Within approximately 5000 feet of the freezing level
3. In precipitation, including snow

4. In clouds

5. In some turbulence

It should be noted that not all these conditions need to occur for a lightning strike or an
electrostatic discharge to take place.

TEMPORARY :
BLINDNESS V/E

V. L D //

IGNITION OF FUEL
OR FUEL VAPORS

TAGEN G

DAULNSE 1O
EREGY RIGRIRERQUIPVIEN

-

Figure 5-5 — Lightning Hazards

Lightning strikes have varied effects on aircraft and aircrews (Figure 5-5). Usually the structural
damage is minor, but it has the potential to be severe. Normally, it will only interrupt electrical
circuits, causing damage to aircraft electrical systems, instruments, avionics, or radar.

Catastrophic fuel ignition can occur under certain conditions. In non-pressurized fuel tanks, a
mixture of vaporized fuel and air fills the space above the liquid fuel. The proper ratio of fuel
vapor to air can form a highly explosive mixture. For this reason, as well as for battle
survivability, most military aircraft fuel tanks are pressurized.

Pilots are not immune to the effects of lightning strikes, either. Temporary night vision
degradation can occur due to flash blinding, but this effect can be minimized by turning cockpit
lighting to maximum intensity. Some pilots have also experienced mild electric shock and minor
burns.
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Tornadoes

A tornado is a violent, intense, rotating column of air that descends from cumulonimbus clouds
in funnel-like or tube-like shapes. If the circulation does not reach the surface, it is called a
funnel cloud. If it touches down over the water, it is called a waterspout. A tornado vortex is
normally several hundred yards wide, but some have been measured up to 2% miles wide. Within
the tornado’s funnel-shaped circulation, winds have been measured at speeds over 300 miles per
hour, while the forward speed of tornadoes averages 30-40 knots.

Observed as appendages of the main cloud, tornadoes often form in groups or families of funnel
clouds, some as far as 20 miles from the lightning and precipitation areas. Innocent looking
cumulus clouds trailing a thunderstorm may mask tornadic activity, and the vortex may not be
visible to warn unwary aircrews. The invisible vortices may be revealed only by swirls in the
cloud base or dust whirls boiling along the ground, but may be strong enough to cause severe
damage to aircraft.

Tornadoes form only with severe thunderstorms. The hazards they present have been chronicled
often by news reports and television documentaries. To avoid tornadoes, avoid areas of severe
thunderstorm activity.

MICROBURSTS

A microburst is an intense, highly localized downward atmospheric flow with velocities of 2000
to over 6000 feet per minute. This downward flow diverges outward, producing a vortex ring of
wind that can produce differential velocities ranging from 20 to 200 knots in an area only ¥4 to
2% miles in diameter (Figures 5-6 and 5-7). Microbursts may emanate from any convective
cloud, not just cumulonimbus clouds. Another unique aspect of a microburst is its short life
span—usually only 5 to 10 minutes after reaching the ground-which makes the study, and hence
the prediction, of microbursts a difficult task.

Downflow

Horizontal
Vortex (Ring)

Figure 5-6 — Vortex Ring of a Microburst
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Figure 5-7 — Cross Section of a Microburst
The wind shear created by microbursts is extremely dangerous to aircraft during the takeoff,

approach, and go-around phases of flight. Not all microbursts are associated with thunderstorms.
Microbursts are possible with any rain shower, even if the rain isn’t reaching the ground (virga).
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Figure 5-8 — Attitude Changes with Microburst Penetration

In Figure 5-8, the aircraft at position 1 has entered a microburst. At this point, the crew may
notice an increased angle of attack as the aircraft enters the upward flow of the vortex ring. Once
inside the microburst, the aircraft will experience a strong increase in headwind, with a resulting
increase in indicated airspeed and lift, which will cause the aircraft to pitch up (position 2). A
natural reaction of the pilot would be to reduce power and apply nose down stick force. This
would correct the situation if the aircraft was not in a microburst, and would appear to work here
until the reaching position 3. At this point, the aircraft will be in a severe downdraft, and a
transition from a strong headwind to a strong tailwind will occur (position 4). The resulting loss
of indicated airspeed and lift will cause the aircraft to pitch down and lose altitude. At this point
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(or earlier), the correct reaction would be to add maximum power and establish a climbing
attitude on the vertical gyro. Chances of successful recovery depend on reaction time, aircraft
performance capabilities, and the altitude of the aircraft.

If you encounter a microburst on final approach or on takeoff, the results could be disastrous.
The best course of action is to avoid microbursts at all costs. This point cannot be over
emphasized. You must always be alert for the warning signs of a microburst. Remember—avoid,
avoid, avoid. You may only get one chance to make a life or death decision.

Methods of Microburst Detection

Because microbursts are such a dangerous phenomenon, early detection is vital to mishap
prevention. In most microburst accidents there have been warning signs that were ignored,
misinterpreted, or misunderstood. You must evaluate the warning signs and make a decision
quickly and decisively. Here are some very important clues that indicate the presence of
microburst.

Ground-based Doppler radar now has the capability to accurately detect hazards that can take the
form of microbursts, tornadoes, and other low-level wind shear activity. Therefore, when
weather observations or recordings mention low-level wind shear, or call for gusty winds, heavy
rain, or severe thunderstorms, be aware that the potential for microburst activity exists.

Visual cues are also very important in detecting microbursts. In fact, in many fatal wind shear
mishaps the pilot continued the approach or takeoff in visible and known thunderstorm
conditions. Visual cues include virga, localized blowing dust (especially in circular or elliptical
patterns), rain shafts with rain diverging away from the core of the cell, roll clouds, and, of
course, experiencing vivid lightning or tornado-like activity.

If you suspect the potential for wind shear conditions prior to take off or landing, get additional
information from the tower or base weather station to include the latest radar report and pilot
reports (PIREPS). Some airfields even have a wind shear warning system to help you. These
sources will not identify every microburst situation, so if in doubt, wait it out! If you do
encounter a wind shear condition, you must make a PIREP to warn fellow aviators about the
dangerous situation. Your PIREP should include the location where the activity was encountered,
an estimate of its magnitude and, most importantly, a description of what was experienced, such
as turbulence, airspeed gain or loss, glidepath problems, etc.

Icing

Expect severe icing in thunderstorms where the free-air temperature is at or below freezing.
Since heavy rainfall and turbulence most frequently occur at the freezing level, this particular
altitude appears to be the most hazardous. Most of the icing, however, occurs in the top % of the
thunderstorm cell. Note that the actual altitude of the freezing level will fluctuate with the up and
down drafts, and it will be lower in the area of downdrafts. Due to the heavy amounts of
moisture and large water droplets, the icing in thunderstorms is mostly clear icing, accumulating
rapidly on the airfoils and other aircraft surfaces. Other aspects of icing were covered in more
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detail in Chapter 4.

RADAR THUNDERSTORM INFORMATION

Ground-based weather radar is the most accurate means of tracking thunderstorms. In addition to
the locating and tracking of cumulonimbus cells, their intensities can also be determined. The
large drops of water and hail, if present, within thunderstorms yield the strongest return signals.
Smaller droplets result in dimmer areas on the scope and snow produces the faintest echo.
Detection and warnings are more accurate with the modern NEXRAD Doppler radar systems
(Figure 5-9). This is particularly true for microbursts and wind shear alerts.
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Figure 5-9

s . \ 1 IR
NEXRAD Doppler Radar Composite

A direct relationship exists among the strength of the radar echoes, the presence of aircraft icing,
and the intensity of turbulence. Stronger radar echoes are associated with more severe
thunderstorms.

The following weather radar information is of particular interest to pilots:

1. A thunderstorm with radar echo tops indicated above 35,000 feet often contains extreme
turbulence and hail.

2. Hazardous weather associated with scattered echoes can usually be circumnavigated.
However, if the lines or areas are reported as broken or solid and are of moderate to strong
intensity, hazardous weather can be avoided only if the aircraft is radar equipped.

3. Severe clear air turbulence and hail may be experienced between thunderstorms if the
separation between echoes is less than 30 miles.
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Ground-based weather radar is the most valuable to a pilot when there are numerous
thunderstorms that are obscured by multiple cloud layers. However, echoes can change shape,
character, and intensity in a matter of minutes when updrafts reach velocities of over 6000 feet
per minute. Therefore, radar information received before takeoff may be worthless by the time
thunderstorms are encountered.

A pilot with airborne weather radar should remember that radar does not eliminate the hazards of
the thunderstorm. It merely helps to locate the most severe conditions. Since the radarscope
indicates only precipitation areas within thunderstorms, hazards can be encountered even in soft
spots. Thunderstorms having frequent, vivid lightning discharges are especially dangerous.

Airborne weather radar should be used as an avoidance rather than penetration tool. The pilot
should take time to properly evaluate scope indications and watch for trends in order to avoid the
most intense echo patterns. The pilot without airborne weather radar should make no attempt to
find soft spots on the basis of any radar information that is not current up-to-the-minute.

FLIGHT TECHNIQUES IN THE VICINITY OF THUNDERSTORMS

Since thunderstorms have so many potential hazards, it is appropriate to list some recommended
practices for pilots who must cope with these “uninvited guests.” As far as flying is concerned,
there is no such thing as a small thunderstorm, so some common sense recommendations are
provided below:

1. If at all possible, avoid thunderstorms.

2. Do not venture closer than 20 miles to any storm cloud with overhanging anvils because of
the possibility of encountering hail.

3. Do not attempt to fly under thunderstorms in mountainous regions even if the area on the
other side of the mountains can be seen. Winds that are strong enough to provide the lifting
action to produce the thunderstorms can also create extreme turbulence between mountain peaks.
4. If at all possible, avoid flying under thunderstorms because updrafts and downdrafts can
exceed the performance of the aircraft.

5. Do not take off or land if a thunderstorm is approaching. Sudden wind shifts or microbursts
can cause control problems.

6. Do not fly into a cloud mass containing scattered embedded thunderstorm without airborne
radar. Radar is necessary to “see” storms in the cloud mass. Scattered thunderstorms can be
circumnavigated visually unless they are embedded.

7. To avoid lightning do not penetrate a thunderstorm or fly through the cirrus anvil of a well-
developed or dissipated thunderstorm. Aircraft should also avoid clouds downwind of
thunderstorms.

8. The brighter and more frequent the lightning, the more severe the thunderstorm.

9. Regard any thunderstorm with tops 35,000 feet or higher as severe.

Thunderstorm