AVIATION WEATHER GOUGE 
(12 pages)

CHAPTER 1-General Atmospheric Structure

Atmosphere:  The gaseous covering of the Earth.

Atmospheric composition:


-Becomes less dense with altitude


-50% by weight of the atmosphere lies beneath 18,00 ft

Troposphere (touches Earth)
0-36,000 ft

Temp ( as alt (
Tropopause (transition zone)
36,000-80,000 ft.

Isothermal; no change in temp with alt (







An abrupt temp change occurs here

Stratosphere (smooth, good vis.)
80,000+ft.

Temp ( with alt (
Weather elements (6)

W
-Wind

A
-Atmospheric Pressure

T
-Temperature

C
-Clouds

H
-Humidity
    Associated with moisture

P
-Precipitation

Flight Hazards (6)

T
-Turbulence

T
-Thunderstorms

W
-Wind shear

I
-Icing

L
-Low ceilings

L
-Low visibility

CHAPTER 2 – Atmospheric Temperature and Pressure

Heat:
 
The ‘internal energy’ in a mass of material

Specific heat:
The amount of heat required to raise one gram of a substance on degree Celsius



(Water’s specific heat is 4-times greater than land.  Therefore, land heats and cools more quickly.)

Insolation:


-The total radiation reaching the earth’s surface


-Incoming Solar radiation


-Primary ingredient for all weather.

Heat Transfer Methods (4)

R
-Radiation:
Energy transferred through space via electromagnetic waves (sun; wood stove)

C
-Conduction:
Transfer via physical contact (touch)

C
-Convection:
Vertical transfer of heat

A
-Advection:
Horizontal transfer of heat (wind)

Lapse Rates (LR):
Rate of change in atmospheric temp with ( altitude

S
-Standard LR:
A ( of 2(C per 1000 ft ( in altitude

S
-Steep LR:
A ( (3(C per 1000ft ( in altitude

S
-Shallow LR:
A ( between 1 ½ to 3(C

I
-Isothermal LR:
No change

I
-Inversion LR:
( temp with ( alt

Atmospheric Pressure:
The pressure exerted on the surface due to the weight of a column of air directly above it.

Standard Pressure:
29.92” Hg, and 15 (C; drops 1-inch of Hg per 1000 ft ( in altitude

Sea Level Pressure:
Pressure at Mean Sea Level (MSL) or calculated if the station is not SL




The reference from 0-17,999 ft

Station Pressure:

Atmospheric pressure at a specific station

Surface Analysis Charts

Squall line:
Purple, double-dotted, dashed line = WALL OF T-STORMS


Isobars:

Horizontal distribution of pressure on the Earth’s surface



Spacing of isobars reflects the pressure gradient:




If isobars are 
-close = strong winds






-far apart = weak winds

Altitude:

The height above a given reference.

Reported Altimeter Setting (RAS) of Local Altimeter Setting (LAS): Station pressure corrected to MSL pressure

Indicated Altitude:



Altimeter reading

Calibrated Altitude:



Indicated altitude corrected for instrument error

Absolute Altitude or AGL (Above Ground Level):
Height above the ground

True Altitude or MSL (Mean Sea Level):

Height above MSL (0-17,999ft in CONUS; terrain dependent)

Pressure Altitude:




Height above SDP (above 18,000 ft)

Density Altitude:




PA corrected for non-STD temperatures; DA (, A/C performance (

       
Pressure Altitude (29.92)







17,9999
ft; transition altitude; terrain dependent










 _____
Standard Data Plane (SDP)
            _____ Sea Level (SL)

PROBLEMS

5 possible problems, 2 vertical and 3 horizontal.

The test will clearly say increase of decrease in altitude for VERTICAL problems and constant altitude for HORIZONTAL problems.

NOTE:  For vertical problems, remember that the RAS will be higher than field elevation; in other words the answer will be higher.

Problem Steps:

1—Determine  (1) Low to High or (2) High to Low

2—Jingle:  Low to High, plenty of sky, aircraft higher than altimeter setting
ACFT______________










   
ALTM_____________


     High to Low, look out below, aircraft lower than altimeter setting
ACFT______________










   
ALTM_____________

3—Math for press and temp change (either RAS or 1-inch Hg per 1000 ft of altitude or 2(C per 1000 ft of altitude)

4—Write the obvious, given number into step 2 (the opposite of what the question asks you to find)

5—Solve the problem; in other words put steps 1-4 together to get the answer.

Problem #1 (vertical)

If
station press
27.00” Hg

And
field elevation
1,5000 ft
What is the RAS?

Then 
1,500 ft FE @ 1.5” Hg per 1000 ft altitude = 1.5” Hg

So 
1.5” Hg = 27.00” Hg = 28.50” Hg

RAS is 28.50” Hg 

Prblm # 2 (vertical)

If temp at 10,000 ft is -20(C, using the Standard Lapse Rate (SLR), what is your altitude if the Outside Air Temp (OAT) is -10(C?

11,000 ft
-22(C

10,000

-20

9,000

-18

…

…

5,000 ft

-10(C

Problem #3 (horizontal)

Q:
A 1”decrease in pressure will mean whit in relation your A/C?

A:
Since 1” Hg + 1,000 ft of altitude the A/C will be 1000 ft lower than the altimeter reading

Prblm # 4 (horizontal)

A/C flies at a constant altitude of 5,000 ft.



   A

   B

Temp

-20(C

-10(C

Q:
If the A/C flies from station A, what is the (( in altitude over station B?

A:
Since the SLR is 2(C per 1000 ft altitude and there is a 10(C increase in temp, then A/C is 5,000 ft higher over 

station B

Prblm # 5 (horizontal, 3 parts)

A/C flies at a constant altitude of 15,000 ft (MSL



     A

      B

RAS

30.50” Hg
29.50” Hg

FE



3,000 ft*MSL

A—What does your altimeter indicate upon landing at station B?
   Step 1 = High(Low

Step 2 = look out below;
ALTM_________








A/C    _________

   Step 3 = 30.50” Hg – 29.50” Hg = 1” Hg and 1” Hg = 1,000 ft
   Step 4 = ALTM_________


   A/C
3,000 ft*
from FE of station b/B (remember A/C is on the ground)

   Step 5 =
The A/C is at 3,000 ft*



(state obvious—step4)



The altimeter reads higher by 1,00ft


(steps 2 & 3 combined)



Therefore the altimeter must read 3,000 ft  + 1,000 ft = 4,00 ft MSL
B—What is your True Altitude over station B?

   Step 1 = High(Low

Step 2 = look out below;
ALTM_________








A/C    _________

   Step 3 = 30.50” Hg – 29.50” Hg = 1” Hg and 1” Hg = 1,000 ft
   Step 4 = ALTM  15,000 ft ( MSL
from the constant indicated altitude


  A/C____________

   Step 5 = 
The indicated altitude is 15,000 ft ( MSL



(state obvious—step 4)



The A/C is 1000 ft lower than the altimeter reading by 1,000 ft

(steps 2 & 3 combined)


Therefore the A/c’s True Altitude is 15,000 ft - 1,000 ft = 14,000 ft MSL
C—What is your AGL over station B?

  Step 1 = High(Low

Step 2 = look out below;
ALTM_________








A/C    _________

   Step 3 = 30.50” Hg – 29.50” Hg = 1” Hg and 1” Hg = 1,000 ft
   Step 4 = ALTM  15,000 ft ( MSL
from the constant indicated airspeed


  A/C____________

   Step 5 =
Indicated altitude =
15,000 ft



A/C is at =

14,000 ft



FE=


  3,000 ft



AGL = 


11,000 ft AGL
CHAPTER 3 – Winds and Their Circulation

Circulation:
The recurring movement of air relative to the Earth’s surface



Created by Large temp differences between the poles and the Equator

Influencing Factors (6)

L
-Land and water uneven temp distributions

T
-Terrain variations

V
-Variations in heat transfer

V
-Variations in daily temps

S
-Seasonal changes

P
-Physical forces

Coriolis Force:


-Bends the gradient winds to the RIGHT of their direction of movement (Northern Hemisphere only)


-Does not effect surface winds because of friction





        












    d/s H 90(
Winds are named from the direction in which they come from.







Tri-Cellular Theory


Pressure
Cells



    _______________________

90(
divergence and subsidence, d/s
High



c/c L 60(

90( to 60( = Polar Easterlies

Polar




     Prevailing










          ___________  Westerlies_  ______ __
60(
convergence and convection, c/c
Low


     d/s H 30(





60( to 30( = Prevailing Westerlies

Midlatitude



     N.E. Trades









     c/c  L  0(   _________________________________

30(
divergence and subsidence, d/s
High


30( to 0( = NE Trade


Tropical

0( 
convergence and convection, c/c
Low

Gradient Winds:

Flow parallel to isobars and above 2000 ft AGL




Caused by:
1—Coriolis Force






2—Pressure Gradient force (initiating force for all winds)







*--Winds flow counterclockwise around Low pressure







*--Winds flow clockwise around High pressure

Surface Winds:

Flow 45( to the left of gradient winds below 2000 ft AGL.

Buy’s Ballott Law:
Gradient winds at you back means the Low pressure is to your left

Application:
You fly into a Low, you get a Left Crosswind and Right Drift




You fly into a High, you get a Right Crosswind and Left Drift


      N

Converting gradient winds to surface winds


GW
Cardinal Direction
Surface Wind and direction

N

360(

360 – 45 = 315 therefore a NW surface wind


S

180(

180 – 45 = 135 therefore a SE surface wind


E

90(

 90 – 45 + 45 therefore a NE surface wind             W
                          

   E

W

270(

270 – 45 = 225 therefore a SW surface wind 












      S

Jet Stream


-Winds greater than 50 kts


-Core of considerable length (1,000 – 2,000 miles long)

Local Winds


-Sea Breeze ( Day


-Land Breeze ( Night

Chapter 4 – Clouds and Moisture

Saturation:
When air contains the maximum amount of water vapor



Happens 2 ways:

1—Air is cooled to dew point temp (cooling)




2—Moisture is added to the air (evaporation)

Dew Point Temp (DPT):
Temp at which saturation occurs

Saturation:

 Results from 100% Relative Humidity



Occurs because:




RH = 100%


Air Temp
AT = DPT

Relative Humidity (RH):
Percent of saturated air

Specific Humidity:
Patio of water vapor per unit mass of air (gm/Kg)




( Dew Point = ( Specific Humidity

Dew point:

Temp at which saturation occurs




If DP (, the specific humidity(
Dew pint depression:
Spread between air temp and dew pint temp

Precipitation Characteristics:


Characteristic
Cloud


Description

-Showers
Cumuliform

Sudden start sop and abrupt change in intensity and sky condition


-Continuous
Stratiform

Steady with gradual intensity changes


-Intermittent
Cumuliform or Stratiform
Stop and restart at least once in an hour

Precipitation Types (3)


-Drizzle:

Very small droplets of water which appear to float in the atmosphere


-Rain:

Water droplets that are larger than a drizzle and fall to the ground


-Frozen:

Rain which freezes on impact with objects

3 Things needed for Cloud Formation


-Condensed water vapor


-Condensation nuclei


-Saturated air

Precipitation

Cloud Type
Heavy Showers

Cumuliform—cotton ball clouds

Light Steady

Stratiform—covers horizon

Heavy Steady

Nimbostratus, a combination of cumliform and stratiform (builds downward)

CHAPTER 5 – Atmospheric Stability

Types of Stability

-Stable:

Air is pushed up until lifting action is removed, air colder that the surrounding air falls to original 



position (cold air)

-Unstable:
Air is pushed up until lifting action is removed, is warmer that the surrounding air so it is pushed up



and continues to rise (warm air)

-Neutral:
Air is pushed up until lifting action is removed, air is the same temp as surrounding air, therefore it 



remains in place

Free Convection—When lifted air continues to rise

Adiabatic cooling is caused by expansion or warming by compression


-Adiabatic means the temp changed due to pressure; no heat was added or removed

Shallow LR


-Dry adiabatic LR: ( 3(C per 1,000 ft


-Moist adiabatic LR: ( 1.5(C per 1,000 ft

Methods of Lifting (4)

C
-Convergence

O
-Orographic ( wind up and over terrain

F
-Frontal ( warm front lift

T
-Thermal ( Heat is convected

Environmental LR


LR

Condition

Stability


Steep




Unstable


Shallow

Moist


Unstable


Shallow

Dry


Stable


Iso/Inversion



Stable

Convective Instability = Dry/Moist

Associated with T-STORMS, TORNADOES and TURBULENT AIR

	Flight Conditions
	Stable Atmosphere
	Unstable Atmosphere

	Cloud type
	Stratus
	Cumulus

	Turbulence
	Smooth
	Rough

	Visibility
	Poor
	Good (outside clouds)

	Winds
	Steady
	Gusty

	Precipitation
	Steady
	Showery

	Icing
	Rime
	Clear

	Air Mass
	Warm
	Cold

	Front
	Warm
	Cold


CHAPTER 6 – Air Masses

Air Mass:
A large body of air that has essentially uniform temp and moisture conditions in a horizontal plane.  The



Source region never changes

Classification of Air Masses

1. Source region (NEVER CHANGES)

a. Artic (A): 60( N to 90( N

b. Polar (P): 40(N to 60( N

c. Tropical (T):  Less than 30( N

d. Equatorial (E): + or - 10( of the Equator

2. Moisture Content

a. Maritime (m): high moisture content (formed over water)

b. Continental (c):  no moisture content (formed over land)

Note:  You turn a maritime air mass into a continental one by precipitation over land

3. Temperature

a. Labeled cold air mass if air temp is colder than surface below

b. Labeled warm air mass is air temp is warmer than surface below

Classification example:
Maritime (m)
Polar (P)

Cold (k)

=
mPk




Moisture
Source Region
temp

Maritime Tropic Cold (mTk)



-Southeast U.S. Summer



-Most unstable condition



-Intense thunderstorms (also for a cold front)

Maritime Tropic Warm (mTw)



-Southeast U.S. Winter



-Most fog



-Low vis, low ceiling, fog in a wide area ahead of front



(true for any warm air mass)

CHAPTER 7-Frontal Systems

Front:

An area of discontinuity that forms between 2 contrasting air masses when they come together

Frontal Discontinuities (4)



-Temperature



-Dew point (moisture)



-Pressure



-Wind

Frontogenesis:
The formation of new fronts or regeneration of existing ones

Frontolysis:
Death or dissipation of a front.  Front moves away from it’s source region and dissipates

Influencing Front Factors (5)



-Slope



-Speed



-Stability of lifted air



-Amount of moisture



-Moisture content and temp



*The greater these are the worse the weather will be

Squall Line



-Purple, double dotted, dashed line



-Precede fast moving cold fronts by 50 to 300 miles



-Wall of Thunderstorms

Stationary fronts:

Have weather conditions similar to that of a warm front

Occlusions:  have 3 air masses and 2 fronts

CF



WF



CF



WF






A/C from East





           A/C from East

cold

warm

cool



cool

warm

cold



CFO







WFO

Properties of Fronts

Types

Direction
Speed

Wind Shift
COLD

SE

20kts

SW(NW

WARM

NE

15kts

SE(SW

STATIONARY
NONE

NONE

180(
CFO

NE

20kts

SE(NW

WFO

NE

15kts

SE(NW

CHAPTER 8 – Thunderstorms

Requirements for T-storm formation (4)



-Lifting force (any COFT force; most likely Convergence)



-Unstable air



-Moisture content in the air



-Building clouds through the freezing level

Stages of Life Cycle of a T-storm (3)



-Cumulus

-updrafts



-Mature


-updrafts / downdrafts / precipitation / hazards (TTWILL)



-Dissipation

-downdrafts / precipitation / hazards

NOTE:  A T-storm can go from Cumulus to Dissipation when here are strong winds in the upper level

First Gust (aka:  first gust or gust front)  is the low level turbulent area between the cold downdraft of a T-storm and the 



Surrounding area

Atmospheric Pressure usually rapidly falls as the T-storm or Squall line approaches, then pressure rises as they pass.

Thunderstorm and Squall lime Hazards (6)



1—Turbulence



2—Hail



3—Microbursts




-Main Characteristics (4)






-May emanate from any convective cloud





-2,000 to 6,000 ft/min downdrafts





-Occurs mid-afternoon, summer months





-Lasts from 5-10 minutes




-Sequential Effects




*ENTERING





1
( Head Wind


( HW


( TW





2
( AOA



( AOA


(AOA





3
( IAS



(IAS


(IAS




*Leaving

4 (Tailwind



5 ( AOA

6 ( IAS

NOTE:  DO NOT push the nose over when entering a microburst


DO the opposite of what you feel



-Detection (4)



-Visual Detection




--virga, dusts, diverging rain shafts, roll clouds, lighting, torrential rain showers,




  gusty clouds



-NEXRAD, DOPPLAR, LLWAS (low level windshear alert system)



-PIREPS



-Departure / Arrival reports

4—Icing

5—Lightening

6—Tornadoes


-Indicators (4) (see page 2.8-17 weather pub)



-Convective instability (strong)



-Pronounced wind shear (horizontal)



-Rapid moving cold fronts or squall lines



-Strong convergence

T-storm Detection (2)



1—NEXRAD



2—DOPPLAR


A/C Gauges in a T-storm



--Air Speed Indicator



--Altimeter


Erratic indications in T-storm



--Rate of Climb (VSI)



--Attitude Gyro is the only RELIABLE instruments since it is independent of the pitot-static system

T-storms flight Techniques (4—in sequential order)


1—Circumnavigate (go around)


2—Go over the top (at least 1,000 ft for every 10 knts of wind speed)


3—Go under the storm (1/3 the distance from the ground to the base of the storm)


4—Go through the storm in the lower 1/3 of the storm cloud



*Most T-storm hazards are in the upper 2/3 storm cloud



*Transition from en route cruise speed to thunderstorm / turbulent penetration speed


*Do Not over control the A/C

CHAPTER 9 – Turbulence

Classification


-Light


-Moderate


-Severe


-Extreme

Frequency and Reported as:

When to report turbulence


O
Occasional

less than 1/3 of the time


I
Intermittent

1/3 to 2/3 of the time


C 
Continuos

more than 2/3 of the time

Types (4)


1—Thermal:
Vertical movement of air; Caused by heat; Worst over plowed fields


2—Mechanical:
When air near the earth flows over obstructions such as terrain or buildings; The passage of wind




-Strength and Magnitude are effected by (3) things





1—Speed of wind





2—Toughness of the terrain





3—Stability of the air (more unstable = more turbulent)




-Mountain Winds (Mountain Wave Turbulence)





CLOUD




Rotor





Lenticular





Cap





TURBULENCE


LOCATION




Extreme



Top (in rotor and cap clouds)





Severe (winds>50 knts)

150 miles out from base of mountain





Moderate


300 miles out





WINDWARD SIDE







LEEWARD SIDE



Rules for Flight in Turbulence




-Circumnavigate




-Fly at least 50% higher than the highest peak




-Avoid Clouds




-Don’t trust the altimeter near mountain peaks




-Approach mountain ranges at a 45( angle




-Fly at the recommended turbulent penetration speeds


3—Frontal:
Turbulence caused by lifting of  warm air by a frontal surface leading to instability and/or wind shear




between warm air and the cold air mass




Cold front will give worst turbulence


4—Windshear:
Turbulence consisting of abrupt changes in wind direction and/or speed over a short distance




Causes (6)





-Land Breeze





-Inversions





-Fronts





-Thunderstorms





-Sea Breezes





-Jet Streams




Clear Air Turbulence is a non-covective form of windshear turbulence not associated with clouds




Or precipitation and is typically caused by a strong inversion near the ground.

CHAPTER 10 – Icing

Structural Icing sticks to the aircraft surface

Consequences (6)


-( thrust

-(lift

-( stall speed


-( drag

-( weight
-( fuel consumption

Super-cooled water is liquid water found at air temperatures below freezing

Not icing hazards, but will definitely damage you A/C (these items will NOT stick to you A/C)


-Hail


-Ice Pellets


-Dry Snow

Icing Requirement (3) things to form


Freezing air temp


A/C skin temperature below  freezing


Visible moisture

Factors affecting rapid Accumulation (3 A’s)


Amount of moisture (big drops plus more drops = more moisture)


Airspeed (faster the speed, faster the accumulation)


Airfoil thickness (thinner the airfoil, faster the accumulation….thin wing fast speed)

Ice Types


-Clear Ice
Transparent, smooth
0( to -10(C
cold front


-Rime Ice
Milky White, rough
-10( to -20(C
warm front

Most Severe


-Structural Icing



0( and colder

Frost is a thin layer of crystalline ice (white)


-Occurs 4 ways:



-Little or no wind






-Lack of clouds (clear night)



-AOT an DP below freezing



-DP within 5( F of AOT

Anti-Icing (preventative) and De-Icing (removal) methods (3)


-Airspeed


-Altimeter


-Rate of climb indicator (VSI)

Icing detection (3)


-Visual


-Ice detector annunciation


-( Airspeed with constant power applied

Reporting Icing:


-Trace


-Light


-Moderate


-Severe

Precautions when in the vicinity of icing conditions (p.10-17)


-Do not fly parallel to a front while encountering icing condition


-Avoid area below 4,000 or 5,000 feet above ridges when flying on instruments through clouds at temperatures less


 than 0(

-Stall speeds will be ( so avoid steep turns and high AOA

-Fuel consumption will be ( due to ( induced drag


-Try to fly in temp above freezing or colder than -10(C

CHAPETER 11 – Ceilings and Visibility

Visibility:
The ability to see and identify prominent unlighted objects by day and prominent lighted objects by night, expressed in a stature miles, 100’s of feet or meters

Flight visibility:
The average forward horizontal distance, measured in SM from the cockpit in flight

Prevailing Visibility:
The greatest forward horizontal visibility,  SM, equaled or exceeded throughout at least half 


The horizon circle, which need not be continuous

Sky Coverage


	CLASSIFICATION
	SKY COVERAGE

	SKC
	0/8

	FEW
	0/8-2/8

	SCT
	3/8-4/8

	BKN
	5/8-7/8

	OVC
	8/8

	VV
	8/8 (Surface Based 0-50 feet)


Obscuring Phenomena:
Any collection of particles which will reduce horizontal visibility to less than 7 Statute Miles


(Examples include:  haze, fog and smoke)

Ceiling:


Height AGL to the lowest broken or overcast layer; or the vertical visibility into an obscuring




phenomena

Vertical Visibility:
Distance seen directly upward from the ground into an obscuring phenomena; used when shy is




Totally hidden by 8/8 surface based (0-50 ft) obscuring phenomena

Fog Formation:

-Surface to 50 ft




-High water content




-Temp. / DP nearly equal




-Condensation nuclei




-Light surface winds





-1 to 5 kts
base 2-10ft





-5 to 10 kts
base up to 50 ft





-Stratus

base above 50 ft

Fog Types



-Radiation Fog:



Get it by:




Nocturnal cooling beginning around1530



Get rid of it by:





Sunrise




Winds greater than 10 kts


-Steam Fog



Get it by:




Cold air over warm water



Get rid of it by:




Dissipated by heating the air through conduction




Winds greater than 10 kts

Lenticular





Rotor





Cap





Moderate


300 miles





Severe


150 miles





Wind





Extreme





Polar Easterlies








