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Lesson WX0802 - Basic Aviation Weather 1

1. Identify the characteristics of the troposphere, stratosphere, and tropopause.
Troposphere

· Greatest portion of flying

· Contains all weather (thunderstorm heads may penetrate to Stratosphere)

· Surface to 36,000 ft average.  (60,000 ft. at equator, 25,000 ft. at poles)

· Expands during the summer, contracts during the winter

· Nearly consistent temperature decrease as altitude increases called the standard lapse rate (2° per 1000 ft.)

· Light winds at surface which increase with altitude to over 200 knots

Tropopause (TROP)
· Separates the Troposphere from the Stratosphere

· The strongest winds of the jet stream occur just below tropopause

· Moderate to severe turbulence

· Coldest area at the top of the troposphere - contrails often form

Stratosphere

· Almost no weather

· From the tropopause to 30 miles

· A uniform layer with very little vertical movement, generally resulting in smooth flying conditions

· Temperature begins to increase again at the top of the layer

· Air is thin and offers little resistance to aircraft

2. Identify selected values of the standard atmosphere.
Standard surface temperature: 15°C
Standard surface pressure: 29.92”Hg
Standard temperature lapse rate: 2°C /1000 ft..
Average height of tropopause: 36,000 ft.
3. Identify characteristics of the jet stream.
· Narrow, shallow band of strong wind

· Average height of 30,000 ft.

· Follows easterly direction

· Usually 300 miles wide, 3000-4000 ft. thick and several thousand miles long

· Number varies from day to day, season to season

· Winter creates stronger jet streams, summer weaker

· Core winds speeds average 100 knots in winter and 50 knots in summer, but winds may exceed 250 knots

· Cold shifts jet stream south, while warmth pushes them north
4. Identify the characteristics of the following pressure systems:
Highs
· Pressure center surrounded on all sides by lower pressure

· Sinking air

· Clear weather

· Clockwise wind flow away from the center of the high

Lows
· Pressure center surrounded on all sides by higher pressure

· Rising air

· Cloudy, wet weather

· Counterclockwise wind flow into center of the low

Ridges
· Elongated area of higher pressure with no discernable center

· Weather similar to high pressure area

Troughs 

· Elongated area of lower pressure with no discernable center

· Weather similar to low pressure area 
Isobars

· Lines that connect points of equal pressure

· Closer spaced indicates strong winds

· Winds generally follow the pattern of isobars

Lesson WX0803 - Basic Aviation Weather 2
1. Identify the effects of temperature and moisture on aircraft performance.
	High temperature or moisture
	Low temperatures or moisture

	· Lower air density

· Higher density altitude

· Decreased thrust and lift

· Longer takeoffs and landings
	· Higher air density

· Lower density altitude

· Increased thrust and lift

· Shorter takeoffs and landings


2. Identify the flying conditions associated with temperature inversions.

· Turbulence - winds above inversion may be strong causing wind shear

· Often loss of lift and airspeed

3. Identify the flying conditions associated with a stable and unstable atmosphere.

Stable air - air that when forced to rise, tends to sink back to the original level

Unstable air - air that when forced to rise, tends to continue to rise

Neutrally stable air - air that when forced to rise stays at the same level 

	Unstable Air
	Stable Air

	· Cumuliform clouds

· Showery precipitation

· Turbulence

· Good visibility

· Clear icing
	· Stratiform clouds & Fog

· Continuous precipitation

· Smooth air (light winds)

· Fair to poor visibility in haze & smoke

· Rime icing


4. Identify the four principle cloud groups.
Height of cloud base determines the classification.

1. High clouds (Cirrus, Cirrostratus, Cirrocumulus) - above 20,000 feet AGL

2. Middle clouds (Altostratus, Altocumulus, Nimbostratus) - between 6,500 and 20,000 feet AGL

3. Low clouds (Straus, Stratocumulus, Cumulus, Cumulonimbus) - from just above the surface to 6,500 feet AGL

4. Clouds with extensive vertical development - clouds nearing the thunderstorm stage

	
	High Clouds
	Middle clouds
	Low clouds 
	Vert. development

	Visibility

Icing

Turbulence
	Good to fair

None to light

None to light
	½ mile ( few ft

None to mod.

None to mod.
	A few feet

None to mod.

None to mod.
	A few feet

Severe

Severe


5. Identify the two principle 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

6. Identify the weather conditions associated with various clouds and types of precipitation.

Precipitation characteristics

· Showers - sudden beginning and end, rapid changes in intensity, and a rapidly changing sky (cumulous clouds only)

· Intermittent - stops and restarts at least once during an hour, not showery (either cumulous or stratus)

· Continuous - continue without break for at least an hour, not showery (stratus clouds only)

Types of precipitation

· Drizzle - very small drops of water which appear to float in air

· Freezing drizzle - drizzle which freezes upon impact with objects

· Hail - Ice chunks (cumulonimbus clouds only)

· Ice pellets (sleet) - transparent or translucent pellets of ice

· Rain - water droplets larger than drizzle

· Freezing rain - rain tha freezes on impact with objects

· Snow - white or translucent ice crystals 

· Snow grains - White opaque grains of snow-like structure

· Snow pellets - tiny snow balls

Lesson WX0804 - Basic Aviation Weather 3

1. Identify the four basic types of fronts.
Air mass - a large body of air with roughly the same horizontal temperature and moisture at any given altitude.

Front - the boundary between two air masses with different characteristics.  Type of front depends on the characteristic of the moving air masses.

1. Cold front 

· the leading edge of a cooler air mass at the surface

· pushes under warm air as it moves

· fronts move 15-30 knots

· temperature decreases, pressure increases, and winds shift

· cumuliform clouds, showers or thunderstorms near front edge are possible

· stratiform clouds if slow moving, but imbedded T-storms may exist

· clouds dissipate behind the front

2. Warm front - the leading edge of a warmer air mass at the surface

· a more gradual frontal slope than cold fronts, and therefore are less defined

· fronts move 10-20 knots

· broad cloud system which can extend from 500 to 700 miles ahead of actual front

· if warm air is moist and stable stratiform clouds develop

· if warm air is moist and unstable, imbedded T-storms may exist

3. Stationary front - the leading edge of an air mass that appears to have little or no movement (similar weather to warm front but less intense)

4. Occluded front - where a faster moving cold front overtakes a slower moving warm front (combination of warm and cold front weather)

2. Identify the flying conditions and or flight hazards associated with each frontal type.
Weather intensity factors

· Amount of moisture

· Air stability
· Frontal slope (ratio between one mile vertical change and corresponding horizontal change)
· Speed of the front - the faster it is, the more severe the weather is
· Contrast of the properties of the air masses - the greater the difference is, the worse the weather is
Cold Front Hazards

· Wind shifts - expect abrupt wind shifts at a front especially at low altitudes (correct to the right)
· Ceiling and visibility - usually VMC but isolated IMC

· Turbulence - Expect turbulence especially near cumuliform clouds, but even when there are no clouds turbulence may be a problem

· Precipitation and icing conditions - relative narrow band of precipitation, but icing may be severe

· Thunderstorms and squall lines - severe weather is implied near cold front thunderstorms

Warm Front Hazards

· Wind shifts - wind shifts are not as sudden as cold fronts (correct to the right)
· Ceiling and visibility - low ceilings and restricted visibility are common

· Turbulence - Main turbulence problem is with embedded cumulonimbus clouds

· Precipitation and icing conditions - freezing drizzle and rain are much more common than in a cold front, widespread area of precipitation and icing

Lesson WX0806 - Aviation Weather Hazards 1

1. Match visibility terms with the correct definitions.
Visibility is how far you can see.

Surface Visibility - A weather observer uses prominent objects in the daytime and unfocused lights at night to estimate visibility.

Prevailing Visibility (PV) - PV is the maximum horizontal visibility common to half or more of the horizon circle as viewed from the observing site at eye level.  Prevailing is provided in statute miles.

Runway Visual Range (RVR) - RVR represents the horizontal distance an aircrew can see down the runway from the approach end.  Electronic equipment measures and calculates the RVR in hundreds of feet.

Flight Visibility - Flight visibility is the forward distance that can be seen from the cockpit of an aircraft in-flight.  You may be requested to give a PIREP.

Slant Range Visibility - The distance on final when you can see the runway.  Slant range visibility is often provided because of great difficulty in estimating or measuring it from the ground.  You may be requested to give a PIREP.

Surface Versus Flight Visibility - Horizontal visibilities may be quite different from the vertical visibility when looking down at the ground.

2. Identify the characteristics of various restrictions to visibility.
Totally obscured - Surface visibility restrictions exist and the sky or clouds ate totally hidden from an observer on ground, the ceiling is the vertical visibility from the ground

Partially obscured - varied amounts of the sky are obscured by a partial obscuration, vertical visibility is not reported and

Fog - Fog that extends to no more than 200 feet is considered shallow fog and is normally reported as partial obscuration.  RVR may not be representative of actual conditions.

Haze - Produces a bluish color when viewed against the ground.  It is more common in the lower few thousand feet.  May reduce visibility to less than 3 miles, with slant range visibility generally less than surface visibility.

Smoke - Reduces visibility in a manner similar to haze.  Often concentrated in layers aloft with good visibility beneath.

Dust and sand - Strong winds can blow dust into the air creating a visibility of near zero.  Is common behind cold fronts moving rapidly across prairies in early spring.

Blowing snow - fine, dry snow can easily be lifted by the wind up to 300 feet AGL.  Surface visibility may be reduced to less than ½ mile.  Accompanied by turbulence, obscured visual cues, and depth perception will be difficult, requiring more emphasis on instruments.

Rain or drizzle - Causes reduced visibility. Transition to visual flight can be very hazardous since moderate to heavy rain conditions can seriously affect the use of visual cues.

Snow - Affects visibility much more than rain or drizzle and can easily reduce visibility to less than 1 mile.

3. Identify the aviation hazards of a volcanic ash cloud.
· Windshields and turbine blades become pitted and the leading edges will be sandblasted

· Fluctuating airspeeds because of a blocked pitot-static system

· Contaminated oil and a possible rise in oil temperature

· Torching from the engine tailpipes

· Dust in the cockpit

· Engines may surge, have a loss of thrust and or high EGT

· Possible engine flameout

4. Identify the conditions necessary to form icing.
Induction icing

· Can occur with or without visible moisture

· Temperatures up to 10°

Structural icing

· Super cooled water in liquid form as cold as -20°C

· Visible liquid moisture

· Outside air temperature 0°C or less

· Aircraft skin temperature 0°C or less

5. Identify the types and intensities of structural icing.
TYPES

Rime icing

· -10° and colder

· white and milky because of air being trapped

· brittle and fairly easy to break off

· occurs in stratiform clouds and upper portion of cumulus clouds where water droplets are small 

· freeze instantaneously

Clear icing

· 0 to -10°C

· clear and dense

· occurs where droplets are large such as cumulus clouds and in areas of freezing rain

· freeze gradually

· builds up fast

Mixed icing

· combination of rime and clear icing

Frost 

· thin layer of crystalline ice

· may form when a cold aircraft descends from subzero temperatures to a warmer moist layer below

INTENSITIES

Trace

· ice perceptible

· rate of accumulation slightly greater than rate of sublimation

· not hazardous even though deicing equipment is not used

Light
· does not present problem if deicing equipment is used

Moderate
· even short encounters are potentially hazardous
· use of deicing necessary

Severe

· deicing fails to reduce or control the hazard

6. Identify the effects of icing on aircraft.
· Reduces lift and thrust

· Increases drag and weight

· Increase stall speed

· Hamper operation of control surfaces and landing gear

· Reduce cockpit visibility

· Disrupt radio communications

· Erroneous airspeed, altimeter, and VVI indications

7. Identify procedures used to minimize or avoid the effects of icing.
· Avoid flying into visible moisture between 0 to -20°

· Use deicing equipment and pitot heat

· Climb or descend to get out of freezing temperatures or below -20° to promote sublimation

· Avoid takeoff/taxing through water, slush

· Remove snow/ice before takeoff

8. Identify the four principle types of turbulence.
1. Convective turbulence
· Heat waves rising from the earth’s surface

· Ascending and descending columns of air

· Most active on warm summer afternoons with light winds

· Cumulus clouds indicate convective turbulence

2. Mechanical turbulence
· Buildings, trees, and rough or rising terrain disrupt smooth wind flow into a complex series of eddies causing turbulence.

· Produces stratocumulus clouds in rows or bands, parallel or perpendicular to the wind

· Can affect low level flight - gusty crosswinds on landing

· Mountain wave - start climb 100 miles from the downwind side or 30 to 50 miles from the upwind side, climb to an altitude 50 % higher than the mountain tops, a rapid retreat to calmer air is easier of you approach a ridge at a 45 degree angle.

3. Wind shear turbulence
· Caused by a sudden change in wind speed or direction

· Can occur at any level (clear air turbulance at high altitudes with jet stream, low level temperature inversion, frontal zone)

4. Wake turbulence
· Created whenever plane has lift

· Vortexes spread downward and outward

· More intense when heavy, clean, and slow

9. Identify the categories of turbulence intensities.
Light


Light turbulence - slight, erratic changes in altitude and or attitude


Light chop - rapid, rhythmic bumpiness without changes in altitude or attitude

Moderate


Moderate turbulence - causes changes in altitude and or attitude but remains in 

 positive control


Moderate chop - rapid bumps or jolts without changes in altitude and or attitude

Severe - large abrupt changes in altitude and or attitude, large variations in indicated airspeed, aircraft may be momentarily out of control

Extreme - Aircraft is violently tossed and is practically impossible to control
10. Identify procedures to avoid or minimize the effects of turbulence.
· Trim for level flight at recommended turbulent penetration airspeed

· Proper attitude control using moderate control inputs

· Establish and maintain thrust settings for penetration airspeed and attitude

· Allow altitude to vary

Lesson WX0807 - Aviation Weather Hazards 2

1. Identify hazards to flight associated with thunderstorms.
Turbulence

· Can cause structural damage to aircraft

· Can extend over 5000 feet above the top to the ground of the storms base

· Up to 20 miles away and up to 30 miles downwind from the storm

Icing

· Abundance of super cooled water droplets, so expect sever icing

Hail

· Occurs with strong updrafts

· Expect between 10,000 to 15,000 feet AGL

· Can reach 8 inches, but as small as ½ inch can cause significant damage

· Assume all thunderstorms have hail that will come from all directions

· Give yourself 20 mile clearance

Lightning

· Most likely at high altitudes and at temperatures below -40°C

· Can occur up to 3 hours after thunderstorm

· Most strikes to aircraft occur at lower altitudes

Tornadoes

· Strong rotating winds exceeding 300 knots

Thunderstorm clusters and squall lines

· Thunderstorms are usually 5 miles in diameter but may join in clusters

· Squall lines up to 100 miles ahead of thunderstorm

2. Identify clues of a microburst and or wind shear situation.
Downburst

· strong downdraft, which produces an outflow of damaging winds near the ground

· 1/8 to 5 miles while

Microburst

· Small downbursts 1/8 to 2 ½  miles wide

· Last 10-20 minutes 

· Evaporation of water makes the air become cooler and more dense causing the air to rapidly drop to the ground

· Look for Virga present

· Sudden airspeed changes or shifts are indicators

Wind shear

· Monitor wind socks

· Listen to wind calls and PIREPS from the tower

3. Identify recommended procedures used to avoid and or minimize the effects of thunderstorm flight hazards.
Avoid
· Don’t take off or land if a thunderstorm is approaching

· Don’t try to fly under a thunderstorm even if you can see to the other side

· Don’t fly into a cloud mass containing scattered embedded thunderstorms without airborne radar

· Avoid by at least 20 miles

· Don’t fly over the tops of known or suspected thunderstorms

Minimize effects

· Secure all loose objects, tighten lap belt, lock shoulder harness, lower seat

· Turn cockpit lights up to highest intensity

· Use white lights

· Avoid looking up from instruments

· Turn on pitot heat and anti-ice

· Plan course for minimum exposure to avoid 0° to -20°C

· Disengage autopilot and establish penetration airspeed

· Maintain attitude
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** Use these answers as a study guide but please note that the provided answers may be incomplete and may not cover all testable material.  If there are any changes in objectives or material tested which are not covered in the answers provided please email webmaster@uptprep.com with any changes or updates you may have for the benefit of future students.
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