JPATS AVIATION WEATHER

Chapters 1-5 of 9

General Structure of the Atmosphere and Atmospheric Temperature and Pressure Information

1.1 Describe the characteristics of the troposphere, tropopause, and stratosphere.  

The troposphere is the layer adjacent to the Earth’s surface.  It ranges in height from 55000 feet over the equator to 22000 feet over the poles with an average US height of 36000 feet.  Nearly all weather occurs in the troposphere, and the temperature generally decreases with altitude.  Winds normally increase with altitude in the troposphere.

The tropopause is a transition zone between the troposphere and the stratosphere.  Temperature is constant with altitude in the tropopause.  The jet stream is just below the tropopause and can create severe turbulence because of the wind shear.  A haze layer frequently exists at the tropopause, contrails often form there, and the anvil tops of thunderstorms will spread out at the base of the tropopause.

The stratosphere is characterized by increasing temperature with increasing altitude, due to the gas ozone.  The air is generally clear and smooth in the stratosphere.

1.2 Describe the flight conditions associated with the troposphere, tropopause, and stratosphere.

See above.

1.3 Define lapse rate.

The decrease in atmospheric temperature with increasing altitude is called the temperature lapse rate.

1.4 State the average lapse rate in degrees Celsius.

2ºC decrease per 1000 feet

1.5 Define atmospheric pressure

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.

1.6 State the standard units of pressure measurement.

Inches of mercury (in-Hg)

Millibars (mb)

1.7 Define the standard atmosphere to include temperature and pressure.

Standard day conditions at sea level are 29.92 in-Hg (1013.2 mb) and 15ºC (59ºF).

1.8 Differentiate between sea level pressure and station pressure.

Sea level pressure is the pressure that would be measured from the existing weather station is the station were at mean sea level.

Station pressure is the atmospheric pressure measured directly at an airfield or other weather station.

1.9 Define indicated altitude, calibrated altitude, Mean Sea Level (MSL) altitude, Above Ground Level (AGL) altitude, pressure altitude, and density altitude.

Indicated altitude is the altitude read directly from the altimeter.

Calibrated altitude is indicated altitude corrected for instrument error.

Mean Sea Level (MSL) altitude or True Altitude is the actual height above mean sea level.

Above Ground Level (AGL) altitude or Absolute Altitude is the aircraft’s height above the terrain directly beneath the aircraft.

Pressure altitude is the height above the standard datum plane.

Density altitude is pressure altitude correct for nonstandard temperature deviations; it is not a height reference but an index to aircraft performance.

1.10 Describe the effect of pressure changes on aircraft altimeters.

High to Low = Look out below (Flying from high pressure to low pressure without changing the altimeter setting, the aircraft is lower than indicated, and the indicated altitude is higher than the aircraft.)

Low to High = Plenty of sky (Flying from low pressure to high pressure without changing the altimeter setting, the aircraft is higher than indicated, and the indicated altitude is lower than the aircraft.)

1.11 State the effects of temperature deviations from the standard lapse rate on aircraft altimeters.
The same rules apply to temperature as do for pressure.  Also, for every 11ºC that the temperature varies from the standard, the altimeter will be in error by 4%.

Atmospheric Mechanics of Winds, Clouds, and Moisture and Atmospheric Stability

2.1 Explain the term pressure gradient.

The pressure gradient is the rate of pressure change in a direction perpendicular to the isobars.  A strong/steep pressure gradient corresponds to closer isobars while a weak/shallow pressure gradient corresponds to distant isobars.

2.2 Explain and identify gradient winds with respect to the isobars around high and low pressure systems in the Northern Hemisphere.

Gradient winds occur above 2000 feet AGL.  While pressure gradients drive winds away from areas of high pressure and towards areas of low pressure, the Coriolis force (created by the Earth’s rotation) diverts the air to the right.  Thus, in the Northern Hemisphere, gradient winds parallel isobars forming a counterclockwise flow around low pressure areas and a clockwise flow around high pressure areas. 

2.3 Explain and identify the surface wind direction with respect to the gradient winds in a high and low-pressure system in the Northern Hemisphere.

Surface winds occur below 2000 feet AGL.  Surface friction reduces the speed of the wind, which causes a reduction in the Coriolis force.  Thus, surface winds cross the isobars at 45º angles.

2.4 Describe 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 is wave-like patterns.  The jet streams have a profound influence on weather patterns.  Jet stream winds range average 100 to 150 knots with a max in excess of 250 knots.  Jet streams are normally found in segments 1000 to 3000 miles long, 100 to 400 miles wide, and 3000 to 7000 feet thick.  Average jet stream height is 30000 feet.

2.5 Describer sea breezes and land breezes.  

A sea breeze is onshore wind caused by rapid land heating during the day.  A land breeze is an offshore wind caused by rapid land cooling at night.  

2.6 Describe valley and mountain winds.

A valley wind is an upslope wind caused by rapid mountain slope heating during the day.  A mountain wind is a downslope wind cause by rapid mountain slope cooling at night.

2.7 Define saturation, dew point temperature, dew point depression, and relative humidity.

Air reaches saturation when it contains the maximum amount of water vapor that it can hold for its temperature.

Dew point temperature is the temperature at which saturation occurs.

Dew point depression or dew point spread is the difference between the air temperature and the dew point temperature.

Relative humidity (RH) is the percent saturation of the air.

2.8 Stat the relationships between saturation, air temperature, dew point temperature, and dew point depression that are necessary for the formation of clouds, fog, and precipitation.

Once the dew point depression reaches 4ºF, the RH will be 90%, and the water vapor will begin to condense into fog or clouds.  The higher the air temperature, the more water vapor it can hold.  The higher the dew point, the greater the chances for precipitation.

2.9 Describe the three characteristics of precipitation.

Showers are characterized by a sudden beginning and ending and by suddenly changing intensity and/or sky conditions.

Continuous or steady precipitation is characterized by gradual changes in intensity.

Intermittent precipitation stops and restarts at least once per hour and may be showery or steady.

2.10 Describe the types of precipitation.

Drizzle is very small droplets of water.

Freezing drizzle is drizzle that freezes on impact.

Rain is larger than drizzle.

Freezing rain is rain that freezes on impact.

Hail or graupel is composed of irregular lumps of ice.

Ice pellets or sleet are small translucent and irregularly shaped particles of ice.

Snow is white or translucent ice crystals.  If it is partially melted, it is wet snow.

Snow grains are very small white, opaque grains of ice.

2.11 Identify the four principal cloud groups.

Low clouds range from just above the surface to 6500 feet AGL.

Middle clouds have bases from 6500 feet to 20000 feet AGL.

High clouds are found above 20000 feet AGL.

Special clouds have extensive vertical development.

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

Low clouds: generally light rain or drizzle (unless nimbo or nimbus appears, which signifies heavy or violent precipitation); may hide thunderstorms; faster icing accumulation; low visibility

Middle clouds (alto): virga may be found below; icing is common; dark and turbulent enough to make formation flying difficult; visibility varies from a few feet to .5 miles

High clouds (cirrus or cirro-): moderate turbulence unless in a thunderstorm’s anvil; composed mostly of ice crystals; visibility may be limited in dense jet stream cirrus

Special clouds: towering cumulus produce heavy showers, have moderate turbulence, and can have icing; cumulonimbus are thunderstorm clouds with severe to extreme turbulence, hail, icing, and lightning.

See also Table 2-1.

2.13 Describe atmospheric stability, instability, and neutral stability.

In a condition of atmospheric stability, a lifted parcel of air will return to its original altitude.  (Lifted air is colder.)

In a condition of atmospheric instability, a lifted parcel of air will continue to rise after it is initially lifted.  (Lifted air is the same temperature as surrounding air.)

In a condition of neutral atmospheric stability, a lifted parcel of air will remain at the height to which it is lifted.  (Lifted air is warmer.)

2.14 Describe the four types of lifting.

Convergence lifting occurs when two colliding air masses force the air up.

Orographic lifting occurs when the force of wind against a mountainside pushes the air upward.

Thermal lifting or convective lifting is caused when cool air is over a warm surface, and it is heightened by intense solar heating.

Frontal lifting is associated with cold fronts, which lift the warmer air ahead of the front.

2.15 Identify the flight conditions associated with a stable and unstable atmosphere including cloud type, turbulence, precipitation, visibility, winds, and icing.
	FLIGHT CONDITIONS
	STABLE ATMOSPHERE
	UNSTABLE ATMOSPHERE

	Cloud type
	Stratus
	Cumulus

	Turbulence 
	Smooth
	Rough

	Visibility
	Shabby/Poor
	Good (outside clouds)

	Winds
	Steady
	Gusty

	Precipitation
	Steady
	Showery

	Icing
	(S)Rime
	Clear


Mechanics of Frontal Systems

3.1 Define the terms air mass and front.

Air mass: a large body of air that has essentially uniform temperature and moisture conditions.

Front: an area of discontinuity that forms between two contrasting air masses when they are adjacent to each other.

3.2 Describe the structure of a front.

Fronts are named according to the temperature change they bring.  Fronts move attached to low-pressure systems.  Fronts move perpendicular to the way they are drawn.  Cold fronts move faster than warm fronts.  Every front is located in a trough of low pressure.  Above 15000 to 20000, it is difficult to differentiate between adjacent air masses.

3.3 Describe the discontinuities use to locate and classify fronts.

Temperature (greater the change, the greater the frontal intensity)

Dew point (cold fronts have lower dew points than warm fronts; higher dew points indicate a greater amount of moisture)

Pressure (pressure falls as a front approaches and then rises immediately after it passes)

Winds (winds shift in a clockwise rotation with frontal passage)

3.4 Describe the factors that influence frontal weather.

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

The degree of stability of the lifted air

The slope of the front (steep = unstable)

The speed of the frontal movement (fast = unstable)

The contrast in the amounts of temperature and moisture between the two air masses (greater contrast = greater instability)

3.5 Describe the conditions associated with a cold front.

Cold air wedges under warmer air.

Produces very violent and unstable conditions in a narrow belt.

Moves toward the SE at 20 knots.

Wind shifts from the SW to the NW.

Postfrontal weather is rapidly clearing with fair weather cumulus clouds and decreasing temperature and dew point.

3.6 Describe the characteristics of a squall line.

A squall line is a line of violent thunderstorms that develops 50 to 300 miles in front of a cold front.  They are usually the most intense during the late afternoon and early evening, after maximum daytime heating.  They have a wind shift from SW to NW, just like cold fronts.

3.7 Describe the conditions associated with a warm front.

Warm air overtakes a colder air mass and goes over it.

Broad area of cloudiness (500 to 700 miles in advance of the surface front line).

Moves NE at 15 knots.

Winds shift from the SE to SW.

May contain embedded thunderstorms.

3.8 Describe the conditions associated with a stationary front.

Occurs when neither air mass replaces the other.

Surface winds blow parallel to the stationary front, resulting in a 180º wind shift.

Conditions are similar to a warm front, but they are less intense.

3.9 Describe the conditions associated with occluded fronts.

Form when faster moving cold fronts overtake slower moving warm fronts.

If the cold front remains in contact with the ground, it is a cold front occlusion.

If the warm front remains in contact with the ground, it is a warm front occlusion.

Moves toward the NE.

Winds shift 180º (SE to NW).

Weather is a combination of warm and cold front weather.

Most severe weather is 100 nm south and 300 nm north of the frontal intersection.

3.10 Describe the conditions associated with an inactive front.

Also known as dry fronts.

Not accompanied by clouds and precipitation.

It displays the location of potentially unfavorable flying weather.

Still has a wind shift and a change in temperature and pressure.

Thunderstorms

4.1 Identify the hazards associated with thunderstorms.

Extreme turbulence, hail, microbursts, severe icing, lightning, and tornadoes.

Remember that a first gust (or gust front) can occur 5 to 20 miles from the thunderstorm.

4.2 Define a microburst.

A microburst is an intense, highly localized downward atmospheric flow with velocities of 2000 to 6000 feet per minute.

4.3 Identify the characteristics of a microburst.

Wind velocities can vary from 20 to 200 knots in an area only .25 to 2.5 miles in diameter.

Short life span (5 to 10 minutes).

Possible with any rain shower.

Extremely dangerous to aircraft during takeoff, approach, and go-around.

4.4 Explain how radar can aid a pilot when flying in the vicinity of thunderstorms.

Radar does not eliminate the hazards of a thunderstorm.  A pilot should use radar as an avoidance rather than penetration tool.

4.5 Describe the recommended techniques for avoiding thunderstorm hazards.

In the vicinity of a thunderstorm:

- Avoid it.

- Do not get closer than 20 miles.

- Do not fly under one in mountainous regions.

- Avoid flying under them because of updrafts and downdrafts.

- Do not takeoff or land if one is approaching.

- Do not fly into a cloud mass with embedded thunderstorms without radar on board.

- To avoid lightning, do not fly through one or its cirrus anvil.

- Brighter, more frequent lightning = a more severe thunderstorm.

- It is severe if its tops are 35000 feet or higher.

Avoid one by (best option listed first):

- Fly around it.

- Fly over it (altitude separation of 1000 feet for every 10 knots of wind).

- Fly under it (1/3 of the distance from the surface to the base of the cloud).

- Fly through the lower 1/3 of the storm.

If you can’t avoid it:

- Secure loose objects.  Lock your harness. Turn up your cockpit lights.

- Turn on pitot heat.

- Avoid critical icing areas (0 to -20ºC)

- Fly penetration airspeed.

- Don’t chase airspeed and minimize power changes.

- Don’t turn back once inside the storm.

Weather Hazards of Turbulence, Icing, Ceilings, Visibility, and Ash Clouds

5.1 List the types and intensities of turbulence used in Pilot Reports (PIREPs).

Light (causes slight, erratic changes in altitude or attitude)

Light Chop (rhythmic bumpiness)

Moderate (causes changes in altitude or attitude, but positive control is still maintained)

Moderate Chop (rapid bumps or jolts)

Severe (causes large, abrupt changes, and aircraft may be momentarily out of control)

Extreme (practically impossible to control and may cause structural damage)

Clear Air Turbulence (above 15000 feet and not associated with cumuliform cloudiness)

5.2 Define the terms used to report turbulence with respect to time.

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)
5.3 Describe how thermal turbulence develops.

Caused by localized vertical convective currents resulting from surface heating or cold air moving over warmer ground.

5.4 Describe how mechanical turbulence develops.

Caused by wind flowing over or around irregular terrain or other obstructions (buildings, etc.).

5.5 Describe the cloud formations associated with mountain wave turbulence.

Lenticular clouds: may appear smooth or ragged, and form singularly or in layers at heights above 20000 feet.

Rotor cloud: forms at a lower level and is generally found at about the same height as the mountain ridge.

Cap cloud: obscures both sides of the mountain peak

5.6 Describe techniques for flight in the vicinity of mountain waves.

Avoid the turbulence, if possible.  If not, fly at a level that is at least 50% higher than the height of the highest mountain along your flight path.

Avoid the rotor, lenticular, and cap clouds.

Approach the mountain range at a 45º angle to allow a quick escape.

Avoid the leeward side of mountain ranges.

Do not place too much confidence in altimeter readings near mountain peaks (may indicate as much as 2500 feet higher than actual height)

Use your aircraft’s penetration speed. 

5.7 Describe how frontal lifting creates 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.  It is worse with fast moving cold fronts and when the warm air is moist and unstable.

5.8 Describe how jet streams and temperature inversions are examples of wind shear turbulence.

Wind shear is a sudden change in wind speed or direction over a short distance in the atmosphere.  In the jet stream, which is just below the tropopause, winds may reach speeds of 250 knots (average turbulence size is 2000 feet thick, 20 miles wide, and 50 miles long).  In a temperature inversion, the air circulates at the inversion point due to the differing lapse rates on either side of the inversion (see Figure 5-7).

5.9 Describe the recommended procedures for flying through turbulence.

Don’t chase airspeed.  Establish and maintain power settings for given aircraft attitude and penetration speed.

Trim for level flight and don’t change it.

Don’t make abrupt control inputs.

Allow altitude to vary.  Sacrifice altitude to maintain desired attitude.

5.10 Describe the types of structural icing.

Clear: it’s clear, freezes in an even layer, and occurs in unstable conditions

Rime: milky white in appearance, protrudes forward into air stream, and occurs in stable conditions

Mixed: it’s some of both and is the most common type

Frost: you’ve seen it on your car; it forms on clear, calm winter nights or in flight when a cold plane descends from a zone of freezing temperatures into high relative humidity

5.11 State the requirements for the formation of structural icing.

The atmosphere must have super-cooled visible water droplets.  The free air temperature and the aircraft’s surface temperature must be below freezing.

5.12 State the temperature range most conducive to structural icing.

Clear icing range: 0 to -10ºC

Rice icing range: -10 to -20ºC

Mixed icing range: -8 to -15ºC

5.13 Identify icing conditions associated with fronts.

Cold fronts: icing zone will be 10000 feet thick, 100 miles long, and characterized by quick-accumulating clear ice

Warm and stationary fronts: icing zone will be 3000 to 4000 feet thick (possibly up to 10000 feet), cover a much wider area, and characterized by slow-accumulating rime ice

Occluded fronts: icing zone will be 20000 feet thick, very widespread, and characterized by a rapid, heavy rate of accumulation of all types of ice

5.14 Identify the effects and hazards of aircraft icing.

Ice decreases lift, thrust and range.  Ice increases drag, weight, fuel consumption, and stall speed. It can also stop up the pitot and static systems.

5.15 Describe induction icing and compressor icing.

Induction icing can occur even outside of normal icing conditions because the reduced pressure that exists at the intake lower the temperature to the point that condensation and or deposition take place, resulting in the formation of ice.  It can occur when the free air temperature is 10ºC or less and the relative humidity is high.

Compressor icing is ice formation on compressor inlet screens and compressor inlet guide vanes, which will restrict the flow of inlet air, eventually causing engine flameout.

5.16 Describe ground icing hazards.

Remove all icing and frost from the aircraft before flight.

De-icing fluids are highly corrosive to internal aircraft and engine parts.

Taxiing through mud, water, or slush can create a covering of ice that can hamper the movement of flaps, control surfaces, and the landing gear.

Ice or snow affect the aircraft’s braking action.

5.17 Identify the procedures to minimize or avoid the effects of icing.

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

Avoid flying in clouds with temperatures of 0 to -20º C.

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

Avoid low clouds above mountain ridges.

Do not make steep turns with ice on the plane.

Avoid high AOAs with ice on the plane.

In freezing rain, climb to temperatures above freezing.

Do not fly parallel to a front while experiencing icing.

Avoid icing as much as possible during the terminal phase of flight because you’ll be a low airspeed.

Expect to use more power on approach when ice is on the plane.

Remove ice before takeoff.

5.18 List the types and intensities of icing used in Pilot Reports (PIREPs)

Trace: ice is perceptible but not hazardous unless allowed to continue for over one hour

Light: may create a problem if encountered for over one hour; occasional use of deicing/anti-icing equipment clears problem

Moderate: even short encounters may become hazardous; use of deicing/anti-icing equipment is required

Severe: deicing/anti-icing equipment cannot keep up with ice formation; immediate diversion required

5.19 Define the following terms: visibility, flight visibility, prevailing visibility, slant range visibility, and runway visual range.

Visibility: the ability to see and identify prominent unlighted objects by day and prominent lighted objects at night (expressed in statute miles, hundreds of feet, or meters)

Flight visibility: the average forward horizontal distance a pilot can see and identify the above objects (measured in statute miles from the cockpit of an aircraft in flight)

Prevailing visibility: the greatest horizontal visibility (statute miles) equaled or exceeded throughout at least half the horizon circle (need not be continuous) [actual visibility in any one direction may vary significantly from the prevailing visibility]

Slant range visibility: the distance on final approach when the runway environment is in sight

Runway visual range: horizontal distance (expressed in hundreds of feet or meters) a pilot will see by looking down the runway from the approach end

5.20 Define and identify obscuring phenomena.

Obscuring phenomena are any collection of particles that reduce horizontal visibility to less than six miles.  They include fog, haze, smoke, volcanic ash, rain, drizzle, snow, blowing snow, dust, sand, and blowing spray “to name a few.”

5.21 List the sky coverage terms that define a ceiling.

A ceiling if the height above the ground ascribed to the lowest broken (5/8 to 7/8 sky coverage) or overcast (8/8) layer or the vertical visibility into an obscuring phenomenon (total obscuration).

5.22 Identify the parameters that define fog.

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 5/8 of a statute mile.  Shallow fog is less than 200 feet in depth.

5.23 Identify the requirements for fog formation.

For fog to form, condensation nuclei must be present in the air, the air must have a high water content (a low dew point spread), and light surface winds must be present.

5.24 Identify the two main types of fog and how they form and dissipate.

Radiation fog occurs due to nocturnal cooling, usually on clear nights, when the Earth release relatively large amounts of radiation into the atmosphere, cooling the surface.  Radiation fog can dissipate when the winds exceed 10 knots or through solar heating.

Advection fog occurs when warm, moist air moves over a cold surface and the air is cooled to below its dew point.  It’s also called sea fog when it comes in from the sea.   Advection fog dissipates only with a wind shift, blowing the fog away, usually back out of the sea.

5.25 Describe the aviation hazards of ash clouds.

Your aircraft can experience a significant loss of thrust.  Your engine could flame out.  Your wings’ leading edges and your windshield could be sandblasted.

