Aviation Weather
The Atmosphere

· There are many layers in the earth’s atmosphere, most weather occurs from the SFC to 20,000-60,000 ft
· International Standard Atmosphere
· Temp and Pressure- 15° C (59°F) and 29.92 in Hg (1013.2mb). 
· Standard ambient temperature and pressure lapse rate- 2°C/1000ft, and 1 in Hg/1000 ft
Causes of Weather
· Every Physical Process of Weather is a result of heat exchanges. 
· Unequal heating of the Earth’s surface causes differences in pressure and altimeter settings. 

· Airmasses- a pocket of air with relatively uniform properties

· Pressure Gradient- Shown on maps by Isobars (lines of similar pressure)

i Closer isobars= higher pressure gradient= higher wind speeds

· Pressure Systems:

i High- High Pressure

ii Low- Low Pressure

iii Ridge- An elongated Area of High Pressure

iv Trough- An elongated Area of low pressure

· Coriolis Force- force due to the rotation of the earth

· Causes winds to flow parallel to isobars aloft.

· Wind Speed is lower closer to the ground due to surface friction(decreases effectiveness of coriolis force, which causes wind to flow perpendicular to isobars.)

Convection Currents
· Sea Breezes
· High Specific Heat of water causes temp to change slower than land. 
i Day- Cool dense air moves inland off the water. 
· Thermals
· Pockets of rising air that are heated up by the sun. 
· These rising pockets often cause turbulence at low altitudes. (evidence of instability)
Moisture in Air (Temp/Dew Point)

· There is always a certain amount of moisture present in air. Hotter Air can hold more moister than cold air. 
· Evaporation, Sublimation
· Relative Humidity- is the % of water vapor present of the amount the air could hold at that temperature.
· Dew Point- The temperature air must be cooled to in order to reach 100% relative humidity. 
· When Temperature and dew point spread is less than 2°C expect visible moisture (clouds or fog.)

Clouds

· Four Families

· High

· Middle 

· Low

· Extensive Verticle Development

· Roots

· Stratus- blanket

· Cumulus- puffy

· Cirrus- whispy clouds

· Nimbus-rain

· Can be combined ex: nimbostratus….cumulonimbus…

· Towering Cumulus are early stages of cumulonimbus clouds. 

· Greatest turbulence is found in Cumulonimbus clouds 

· Cloud Base Formula:

· Clouds form when temp and due point converge. 

· (Temp-Dew Point)/ (2°C or 4.4°F X 1000) = estimated base of clouds

Atmospheric Stability

· Stability- Atmosphere’s resistance to vertical displacement in relation to the air around it. (how much will air move vertically)
· Warming air from below reduces stability
· Lapse Rate
· As air rises it cools (standard= 2°C/1000 ft 4.4°F)
· Higher lapse rate= stable air (less moisture)
· Lower lapse rate= unstable air (more moisture)
· Stable Air

· Stratiform Clouds
· Smooth Air
· Fair-to Poor visibility
· Continuous Precipitation
· Unstable Air
· Cumuliform Clouds
· Turbulent Air
· Good Visibility
· Showery Precipitation
· Moist Stable Air moving up a mountain slope produces stratus clouds.
· Turbulence and Clouds with vertical development reselt when unstable air rises.
· Steady Precipitation is usually the indication of a warm front. Warm air being cooled from below by cold air.
· Results in stable air with stratiform clouds and very little turbulence.  
Temperature Inversions
· Occurs when Temperature increases as altitude increases. 
· Ussually occurs in as a result of stable air
· Often Occurs near the ground on clear cool nights when the wind is light.
· Ground cools faster than air above, and cools the directly over the ground 
· Air conditions are usually smooth with restricted visibility 
Fronts

· A boundary between two air masses of different density. (Different Temp and Pressure)
· Cold Front-Cold Air Overtaking Warm Air
· Warm Front- Warm Air Overtaking Cold Air
· Stationary- Simply a boundary
· Occluded Front- Cold Front Catches up to a Warm Front
· There will always be a change in wind direction when flying across a front.
· The most easily recognizable change is a change in Temp when crossing a front.
Fog
· Surface based cloud of either water or ice crystals that forms by adding moisture to the air near the ground, or cooling the air to its dew point. 
· Types of Fog

· Radiation Fog- Ground Fog, forms on cool calm, clear nights with s small Temp/DP spread. 

· Advection Fog- forms as a result of warm air condensing as it moves over a cooler surface. (usually occurs near coastlines) (requires wind)

· Upslope Fog- Warm air is forced up sloping terrain

· Percipitation Fog- Warm Rain or drizzle evaporates and saturates cool air

i Usually associated with fronts

· Steam Fog- Cold Dry Air is saturated over a warm water surface through evaporation.

Thunderstorms
· One of the biggest hazards when flying during summer months. 
· In order to form, they need:
· Sufficient Moisture
· Unstable Air (lower lapse rate)
· Lifting Force (Radiation from the sun)
· 3 Stages
· Cumulus- building phase, characterized by continuous updrafts.
· Mature- Starts when precipitation begins at the surface.
i Most violent phase
· Dissipating- characterized by weakening of the storm, and predominant downdrafts.
· Hazards:
· Turbulence, windshear, hail, lightning, icing.
· Low level windshear- especially hazardous for landing and departing aircraft
· Special Types
· Squall Lines- fast moving band of thunderstorms, usually seen ahead of a cold front. 
· Imbedded thunderstorms- Cumulonimbus clouds that are imbedded in other clouds, making them difficult for pilots to see and avoid. 
· Suggestions
· Avoid by at least 20 nm….why?? Hail and windshear can be experienced that far out. 
· If you do fly into one…slow down to at or below Va, and attempt to maintain a level attitude. 
Wind Shear
· Does not necessarily need to occur in Thunderstorms
· Can occur at any altitude whenever multiple wind patterns exist close together. (good rule of thumb is greater than 6 kts change per 1000 ft) 
· Can also occur in Temperature inversions. (Expect  it whenever windspeed at 2000-4000 ft is 25kts or greater)
Mountain Wave Turbulence
· Lenticular Clouds- lens shaped clouds usually found on the leeward side of a mountain range
· Appear stable, but may contain winds of 50kts or more. 
· Expect mountain wave turbulence in stable air with winds of 40kts or more blowing across a mountain or ridge.
Icing

· Occurs when ice forms on the aircraft in flight.
· Very bad because it increases weight, while decreasing lift (changes airflow over the wing
· Conditions Necessary for Icing
· Visible Moisture
· Outside Air Temperature below freezing. 
· Types
· Clear- liquid drops freeze (freezing rain= most dangerous type)
· Rime-smaller supercooled droplets
· Mixed -
· Frost- air being cooled to dew point by a surface that is below freezing
· Freezing rain causes the most accumulation
· Ice pellets indicate freezing rain at a higher altitude. 
