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Becoming weather wise		

For a beginning a pilot should make a practice of watching the evening TV weather and the early morning weather channel.  Next by using DUAT or calling a Flight Service Station (FSS) available nation wide at 1-800-WX-BRIEF.  These can help you meet the FAR 91.l03 preflight requirement of having all available information as part of the preflight.   When below freezing level temperatures are encountered an important part of the preflight is to assure that the oil breather tube is not ice-clogged.  Additionally, when cold weather arrives the grease in the throttle wire cable can become so congealed that movement is restricted.  Do not takeoff in an aircraft where throttle movement is restricted in this manner.  Climbing into still colder weather may prevent any movement.



As a minimum a pilot needs to know, for local flights; airport conditions, fog prediction, freezing level, turbulence, local notams, and winds at 3000.  Weather briefings are rapidly becoming less available except through

computerized access by the pilot.  



What 'chance' means 

CHC means that there is a 30 to 50% likelihood of an event.  Chance tests your appraisal of what is believable compared to what you would rather believe.  Any flight into a chance of icing or thunderstorms is considered

by the NTSB as an FAR violation.

Making Weather

Atmosphere has three levels.  Troposphere extends from sea level up to 

35,000 feet around the poles and to 65,000 feet at the equator.  The standard temperature lapse rate of the troposphere is 2(C per 1000 feet of altitude.  On top of the troposphere is a thin layer called the tropopause which acts as a moisture barrier.  The top of the troposphere is the bottom of the atmosphere.  the 850 millibar air pressure level will be lower in true altitude than warmer air.  all air pressure is the measure of the weight of air above.  The stratosphere is next extending to 22 miles high and because of the tropopause barrier has no moisture and a constant temperature of -55(C.   50% of the worlds atmospheric weight is below 18,000 feet.   

		

Consider a rotating spherical envelope.  A mixture of gases-occasionally murky and always somewhat viscous.  Place it around an astronomical object nearly 8000 miles in diameter.  Tilt the whole system back and forth with respect to its source of heat and light.  Freeze it at the poles of its axis of rotation and intensely heat it in the middle.  Cover most of the surface of the sphere with a liquid that continually feeds moisture into the  atmosphere.  Subject the whole to tidal forces induced by the sun and a captive satellite.  Then try to predict the conditions of one small portion of that atmosphere  for a period of one to several days in advance.



A pilot must learn to be skeptical about what the weather is for now, what it is forecast to be, and what he hopes it to become.  The entire process is so capricious that even in 1997 the gigabite computers can’t keep up.



All of the factors in the foregoing paragraph are factors in making weather but only three main factors, heat, water, and wind are of major importance.  There are three kinds of heat transfer in the atmosphere:

Convection is that which causes thunderstorms.



Radiation is that which causes ground fog

Conduction is that which causes you to drop a nail held by the fingers 		when you are heating the other end.

Lapse Rate:

It is the radiation of heat from the earth's surface that is responsible for the heat of the atmosphere above the earth.  the coldness of the earth also affects the coldness of the atmosphere.



As the atmosphere becomes more distance from the earth it becomes cooler.  This decrease in temperature is called the lapse rate.  It is standardized as 3.5 degrees Fahrenheit or 2 degrees Celsius decrease per 1000' of altitude.  Conditions are seldom standard.  The laps rate is a vertical temperature measure of the atmosphere.



The dry lapse rate for density altitude computations is 5.4( F per 1000 foot change in altitude.  When the changes conform to this standard the pressure and density altitudes are identical. In Celsius this is 2.75( in dry air and 1( for saturated air.



As an aircraft lands it enters a region of air that can be relatively very hot when compared with air just a few feet higher.  This can cause turbulence and an significant increase in density altitude.  Ever wonder why the plane seems to thump down for landing on a very hot day?

Forecast Reliability

	For 12 hours good weather more correct than IFR

	Poor weather in 3-4 hours  at 80% accuracy

	Distinct systems improve accuracy of forecast with tendency to under 		estimate severity

	Cold front weather most difficult to forecast

	Surface visibility forecast worse than ceiling

	Cold front passage + 2 hours	

	Warm front passage + 5 hours

	Warm front ceilings + 200' + 4 hours

	Thunderstorms 1-2 hours with radar

	Rain/snow + 5 hours

	

Changing to the Aviation Routine Weather Report (METAR) and Terminal Aerodrome Forecast (TAF) formats puts U.S. in step with rest of world in terms of weather format.  In 1993 250 landing rights airports of the U. S. converted to the METAR code for international purposes.  The rest of the world changed from the old METAR to the 'new'.  By 1996 the U.S. will be completely METAR.  



		Attempt to demystify the new METAR/TAF weather formats at: 

		http://www.tc.faa.gov/ZDV/metar-taf.html		

Real time weather

In 1985 Kansas had 3200 weather observations in 1995 there will be 86,600.   The Aviation Weather Products Generator (AWPG) will brief pilots in the air with an accuracy of 5-10 miles and 5 minutes.  1000 airliners will be transmitting continuous weather data as they criss-cross the U.S.  Airport controllers will have a three dimensional view of the weather and the approach to the runway.  Virtual reality is here.

  	

The first GOES satellite went up in 1975, six more have flown since.  Two operate, east and west, most of the time.  They give early warning and tracking for hurricanes and severe weather.



Geostationary Orbiting Environmental Satellite (GOES)

Uses infrared photo to get cloud top temperatures.  Darker color 			shows colder temperatures.

Radar Composite

Shows precipitation not clouds.  

Radar Summary Reports

Radar images are summarized.  May be vague but verify Radar 			Composite.

Radiosonde (RADAT)

			Rawinsonde DATa are upper air soundings via balloon.  More than 1000 			   points that take soundings once at noon and again at midnight zulu

				time.

	Type 1 called wind racks (Rawinsonde

	   Every 6 minutes gives wind direction and velocity



	Type 2  Rags

         Gives temperature and moisture and presented on constant 			pressure charts.



Balloons are soon to be replaced by wind profilers that detect winds by means of doppler radar and acoustic sounding.  The profiler will every six minutes will take a variety of samples that will give winds aloft at 72 altitudes up to 53,000 feet.  The computations are accurate to two knots.  This system is not moisture dependent.  Low level jet-streams are checked to determine existence, extent of layers and velocity of wind shear.



Temperatures are measured by acoustic blasts at 850 hertz.  The speed of

the sound is measured by doppler radar as it varies in speed due to temperature differences.  This works up to 18,000 feet.  Balloons are to be used above this altitude.

Weather Radar

121 Weather Radars total in the U.S.

Present system uses 1950's era radar which is down 20% of time.  40 newer radars have lower false alarm rate of bad weather The WSF-88D has 8 times the resolution, twice the range and 16 times the weather sensitivity.  Predicting will be possible.



ARTCC radars do display precipitation and can on request give a pilot real-time (right now) information.  Radar returns are known as Levels I, II, III, and IV.  The National Weather Service uses six levels of thunderstorm intensity. ARTCC radar controllers have three weather display keys: WX-1, WX-2, and WX-3.  WX-1 gives diagonal slashes on the screen to show moderate precipitation.  WX-2 gives H Hs to show heavier areas and WX-3 shows both.  The controllers are required to call every H as a Level VI thunderstorm.  A pilot in need can request the controller to use the WX keys for assistance in weather avoidance.  ARTCC will not volunteer this help you must ask for it.



New doppler radars (vary frequency much the way a train whistle does when passing) in the UHF serves as a wind profiling radar in combination with an acoustic transmitter enables the measurement of a temperature sounding.  The maximum height of the doppler radar capability is greater than the acoustic pulse because the acoustic pulse is moved out of the radar beam.



The new weather radar will give coverage to 10,000’ from 175 sites and no gaps east of Cheyenne.  40% of the radar weather coverage will be in new areas.  System works by showing air motion and will be given to other ATC facilities.  Some day into the cockpit?  Another system will give 45 airports severe storm information and can be scan-specific to most important runways.  Accuracy will vary from 60 to 80%.



New systems are going to be able to derive (predict) data. Present system has more data than can be processed, interpreted or distributed.  Record the altitude of each )(C isotherm.  Green on color charts indicate dewpoint spread of less than 5(. Icing exists where shaded area cut by 0( to -10( isotherms.
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AWOS

Automated weather observation system AWOS has 160 sites in operation to be replace with Automated surface observation system of ASOS.  Neither has the flexibility of a human observer.  Improvements allow automation of cloud

heights, coverage, weather, and visibility.  The originals were developed

before the 1980s and will not be fully in place until after the year 2000.

Something seems wrong that such a vital system should be so delayed.



AWOS is fully automated with sensors that send information to computer which voices information over discrete frequency.  AWOS was the basic system to be followed by the ASOS’s greater sophistication.  Three versions give varied weather information of varied reliability and dependability.  AWOS-A only reports altimeter setting.  

AWOS-1 has altimeter, wind, temperature, dew point, and density altitude. AWOS-2 adds visibility.  

AWOS-3 adds cloud and ceiling. 

AWOS-3P adds lighting up to 30nm distant, in vicinity or at airport.

AWOS-3P/T will include thunderstorms.  Installations by NOTAM.  	  

AWOS 4  Additionally gives precipitation and storms



KEY TO AWOS

___________________________________________________

HTM SA 1755 AWOS  MGO OVC  1V  36/34/2015G25/990/  PO10/VSBY 1/2V2 WND  17V23/WEA: R--F



	If you can't interpret this  refer to the AIM.  Study !!

ASOS (newest)	

1700 ASOS (Automated Surface Observation Systems) are to be installed with improved information and accuracy.  Via automated radio we will receive  altimeter settings, wind speed and direction, temperature/dew point, density altitude, types and intensity of precipitation,  cloud height, visibility, pressure changes and tendencies, and wind shifts.  Runway advisories.  ASOS data is a minute-by-minute evaluation of sky, visibility, and weather as would be a complete surface aviation observation.



Will replace 250 weather observers and 300 FSSs or towers.  118 ASOS were installed in 1992.  Performance is Equal to daytime observers and superior at night.  Makes continuous radio and phone data available.  Modem to FAA and NWS networks.  The systems use electronic sensors and computer processing.  Some facilities provide precipitation, and restrictions to visibility. 



ASOS uses average values while the 	observer uses spot values.  ASOS sees clouds only straight up.  Visibility is touchdown zone visibility.  ASOS is more capable and flexible that AWOS.  ASOS has eight sensors which sample once a minute ASOS cannot detect thunderstorms, differentiate hail, ice crystals, ice pellets, blowing obstructions and drizzle from freezing drizzle.



Automatic report of:

Sky condition below 12,000' overcast, variable, etc. with laser beam ceilometer.   Laser check every 1/2 minute for thirty minutes.  Clouds can be measured in three layers.  Computer generated data is broadcast as scattered, broken, or overcast.

Visibility up to 10+ miles variable...etc.

Type/intensity of rain, snow Fog or haze

Sea level pressure in Hectopascals (hPa) and altimeter setting

	Changes and direction of change

	hPa is equal to millibar (mb) 

Temperature in Fahrenheit, dew point, 

wind speed in knots and direction  (TRUE to nearer 10 degrees)

	and wind character as gusts, shift, peak, etc.

Computerized voice with changes every minute, thresholds by hour 

	and 15 minutes.  Specials available.

Allows manual insertion such as thunderstorm data.

		Observer supplemental may not be transmitted by ASOS



ASOS the first system gave only altimeter setting

ASOS-2 gave wind, temperature, dewpoint and density altitude

ASOS-3 gave remarks on wind/ceiling variability



AO2 code senses type of precipitation and amount

AO2A the A means an observer has added information forwarded to the weather 	system than may not be transmitted to the pilot via radio.  The 	observer uses a fixed time averaging technique. 



During daylight the ASOS will be used to validate area (FA)and terminal (FT) forecasts.  Lightning detectors are currently in use.

KEY TO ASOS

_________________________________________________________________________

HTM RS 1755 AO2A M19V OVC 1R--F125/36/34/2116G24/990/  R29LVR10V50 CIG 16V22 TWR VSBY 2 PK WND 2032/1732 PRESFR ZRNO $

	If you can't interpret this refer to AIM for chart.  STUDY!!



		Antiquated automated weather

Five systems are currently in use.  Older (40 years older) ones are being upgraded or replaced with more capabilities.  There information may be distributed by radio, phone or computer.  Automation eliminates the much needed human factor required to fill in the blanks.  



A potentially dangerous situation can and will be missed by the automated systems.  Automated reports can be misleading.  It is very useful at uncontrolled remote airports but its shortcomings should make a pilot cautious.

	

AUTO-B is automatic coded weather in CA, TX, UT, and AX.  It is capable of giving sky conditions, visibility and precipitation. 

Four in existence. 

 

California’s at Sandberg (SDB)  

	Backscatter (pollution) visibility reported in even miles as BV5



RAMOS  is remote automatic meteorological observation station

	Like AMOS but gives pressure changes every three hours, max/min 	temperatures and 24-hr precipitation



AMOS is automatic meteorological observation station 90 of which exist in 	the nation (Blue Canyon, near Tahoe) 



ASOS  Automated surface observation system 1700 to be installed 

	Replacing AWOS.		

APAWS Automatic weather readouts from commercial aircraft every 				7 minutes nation wide.



Phone and Radio	

Automated FSS (AFSS)

	Taped route Wx information

	National Weather Service  5 day forecasts

	ATIS

	Tower, airport manager, FBO, local radio station

	ASOS is telephone accessible 

	VOR/VORTAC  

		If Sectional frequency box has small solid rectangle 				in one corner it will have continuous radio weather 		

Fronts:

Warm Front:

A warm air mass shows several days ahead of the front with a slow progression (less than 20 kph) of very high clouds as it overrides relatively cooler air below.  First comes cirrus, lowering to cirrostratus, becoming still lower alto stratus which changes to alto cumulus.  Finally nimbo stratus with continuous light rain or snow.  Imbedded thunderstorms. Visibility goes below minimums.  Freezing rain occurs in winter.  Frontal passage gives good flying for a few days.  Warm and stationary worst weather.



There is a variety of warm and cold fronts.  The main difference being

stability.  Stable air masses can have weather dependent on the moisture available.  Stable warm air masses can have clouds to 25,000' with icing.



Cold Front:

A cold air mass appears quickly at over 20-kph.  Any cirrus become altostratus and altocumulus changing quickly into stratocumulus.  When the front hits strong gusty shifting winds accompanied by nimbostratus or cumulus.  Produces summer thunderstorms and squall lines in front.  Heavy bursts of localized rain can cause flooding.  Passes quickly and leaves two days of cumulus clouds for bumpy flying below.  Cold fronts change when they cross mountain ranges.  Pacific cold fronts are moist before the Sierras, dry afterwards.  Across the Rockies it picks up moisture from the Gulf and will intensify.  Dry cold fronts will be bumpy but VFR.



Occluded Front:

Occurs when faster cold front catches and winds around a warm front.  Worst of both systems.  Stratocumulus and cumulonimbus clouds lower slowly but clear quickly.  If a low pressure area is gaining strength rapidly, it will slow down.  The fronts will rotate around the low.  The cold front will overtake the warm front and result in a occlusion. 



Stationary Fronts:

Sometimes spring fronts blend together without any clearing and bring days or a week of weather having nothing but low levels of fog, haze and smog.  Following cold fronts are needed to clear out stationary fronts. 



In the winter where cold air is under the warm layer and the temperature difference is over 10 C, forecasts of improving weather are inaccurate.  The conditions are too stable to make a change likely.

Inversions:

Any time the air temperature is warmer above than the air below is called an inversion.  An inversion may be surface based or an inversion aloft.  

Inversions can be the cause of poor visibility and turbulence.  Inversions are most common in late spring and early fall.



Surface inversions begin at sunset when the earth's surface temperature cools rapidly on a cloudless clear night.  This allows the air close to the surface to cool while the air only a few feet higher remains warm.  This condition can last till mid-morning.  The condition is most likely to exist when winds are very light and unable to cause a mixing of the air layers.  The heat from a rising sun will increase the mixing of the layers and eliminate the inversions.  In regions like Alaska such inversions can be dangerous to aircraft due to frost forming on the aircraft.



The inversion aloft is caused when air masses flow in such a way as to cause the warm air to pass over the cold air.  If the upper layer of air is also descending its increased pressure will cause further warming.  This is a common summer condition on the west coast of the U. S.   This is also called a subsidence inversion.  This condition causes the stratus (layered) clouds of avection fog, smog layers, and reduced visibility.   



Inversions exist by providing warmer air aloft than exists in air at lower altitudes.  The temperature lapse rate is upside down.  An inversion prevents vertical air motion.  Large, slow-moving high pressure systems are a common source of inversions.  The top of an inversion layer is flat. 



There are four pilot clues to the existence of an inversion:

 Cloud formations can occur with as much as a 6 degree dew point spread.

 An illusion in inversion visibility conditions makes things seem 	further away.

 There is an increased possibility of low level wind shear.

 The air will be very stable and give smooth flight above the inversion 	of either type.

Pressure

High pressure has a clockwise down spiraling cold air mass giving good flying weather.  This is generally true about highs moving in from the Pacific Ocean but not true if they come down from Canada.  Where it comes from is important.  The Bermuda High brings days of poor visibility to the Eastern U. S. . 



Low pressure areas are counterclockwise upward spiraling systems that bring bad weather.  The Low draws in moist air and forms spiraling cloud formations of low cumulo or stratocumulus rain clouds.  The cold front formed by a Low is {,} comma shaped.



Flying from warm air into cold air is effectively flying from high to low pressure.  The effect in a standard lapse rate is 35' for every degree Celsius.  Every three degrees colder with a constant altimeter setting and altitude effectively puts you 100 feet lower.



As altitude increases above sea level the pressure of the air decreases at a rate of two pounds per square inch for every 2000’ below 18,000’.  This pressure altitude in used to determine oxygen requirements for humans.  When the temperature change (lapse rate) is greater than standard the density altitude will be higher than the pressure altitude.  This affects aircraft operation by decreasing power, lift, and thrust.

Weather Stability:

The presence of moisture in the air is the determining factor as to whether a given body of air will become stable or unstable.  Colder air is heavier than warm air.  Cold air will not rise unless it is surrounded by even colder air.  It is the relative temperatures of neighboring air bodies that determine whether air will rise or fall. 



When the air contains water it is conditionally unstable and will remain in an unsaturated state until it reaches near the dew point.  At or near the dew point it will become visible moisture (cloud).  Any uplifting of this conditionally unstable air will eventually cause it to condense, become saturated (visible) and unstable.  Any lifting of unstable air will cause an acceleration of the lifting action.



The moist air does not cool as much as dry air.  This means that any uplifting is more likely to increase the temperature difference between the warmer moist air and the surrounding air.  The rising acceleration of a moist air column increases as the temperature difference increases.  This increasing acceleration is a characteristic of unstable air.  



A dry air column cools at a standard environmental rate of 5.5 degrees Fahrenheit for every thousand feet rise in elevation.  Without moisture it will cool and tend to descend or level off at the same level as the surrounding air. Stability or instability of any air column is determined by its relative temperature lapse rate to that of its surrounding air.    



Atmosphere can be either stable or unstable.  Any uplift of stable air will result in its return to its original level.  Any uplift of unstable (warmer) air will cause it to expand and cool but at a lower rate than the surrounding air.  This air mass will continue and accelerate if the air is either relatively warm, moist or both.  The earth's surface and its immediate air is heated unevenly.  Turbulence is caused when warmer air moves up through cooler air.  



The standard environmental lapse rate of 3.5 F or 2 C per 1000 feet is not realistic.  We can determine approximate lapse rates by taking thermometer reading every thousand feet.  The likelihood of any flight having this standard is slim.  We can determine the approximate freezing level above a know elevation by deducting 2-degrees Celsius from the initial Celsius altitude/temperature for every thousand feet, until reaching zero.

Moisture

The presence of moisture in the air is the determining factor as to whether a given body of air will become stable or unstable.  Colder air is heavier than warm air.  Cold air will not rise unless it is surrounded by even colder air.  It is the relative temperatures of neighboring air bodies that determine whether air will rise or fall. 



When the air contains water it is conditionally unstable and will remain in an unsaturated state until it reaches near the dew point.  At or near the dew point it will become visible moisture (cloud).  Any uplifting of this conditionally unstable air will eventually cause it to condense, become saturated (visible) and unstable.  Any lifting of unstable air will cause an acceleration of the lifting action.



The moist air does not cool as much as dry air.  This means that any uplifting is more likely to increase the temperature difference between the warmer moist air and the surrounding air.  The rising acceleration of a moist air column increases as the temperature difference increases.  This increasing acceleration is a characteristic of unstable air.  



A dry air column cools at a standard environmental rate of 5.5 degrees Fahrenheit for every thousand feet rise in elevation.  Without moisture it will cool and tend to descend or level off at the same level as the surrounding air. Stability or instability of any air column is determined by its relative temperature lapse rate to that of its surrounding air.    



Atmosphere can be either stable or unstable.  Any uplift of stable air will result in its return to its original level.  Any uplift of unstable (warmer) air will cause it to expand and cool but at a lower rate than the surrounding air.  This air mass will continue and accelerate if the air is either relatively warm, moist or both.  The earth's surface and its immediate air is heated unevenly.  Turbulence is caused when warmer air moves up through cooler air.  



The standard environmental lapse rate of 3.5 F or 2 C per 1000 feet is not realistic.  We can determine approximate lapse rates by taking thermometer reading every thousand feet.  The likelihood of any flight having this standard is slim.  We can determine the approximate freezing level above a know elevation by deducting 2-degrees Celsius from the initial Celsius altitude/temperature for every thousand feet, until reaching zero.

Forms of moisture

Water in its various forms, vapor, liquid, and ice, is the energy source for making weather.  The heat energy transferred as water changes form is called latent heat. This means it is lying in wait, ready to use the heat difference in the surrounding atmosphere to make a form change.  Vapor changing to condensate gives up heat to the atmosphere.  The hotter atmosphere rises making way for new air to be heated.  The process feeds on itself to make thunderstorms.

Heavy rain can cause a greater loss in aircraft performance than can windshear.  Laminar airfoils (Piper, P-51) are most affected by surface roughness caused by beads of water, corrosion, frost, etc.   Avoid landing during heavy rain.  Avoid slow flight situations such as a go-around.  If unable to avoid, fly a higher than normal speeds.  

Wind

Wind often is very stressful to the pilot.  Takeoffs and landing techniques

require greater skill under the influence of wind.  even the light and variable wind adds complexities that are difficult to plan for.  Having specific wind information can either add to or subtract from a pilot’s stress.



Runway selection is primarily based on wind direction except where noise

abatement rules prevail.  With experience a pilot learns to read winds from water, dust, DME, GPS, the windsock and weather forecasts.  Regarding the latter, one thing you can be certain of is that the winds will NOT be as forecast.  It is not a good idea to read the wind from a tetrahedron.  Most tetrahedrons have locks that allow them to be positioned for the preferred runway without regard to wind direction.  The windsock is the best wind indicator at an airport and should be noted on downwind and especially on final.  What you see on downwind will enable you to make a wind adjusted pattern.  A disproportionate number of landing accidents are caused by a pilot’s failure to adjust the pattern for wind direction and velocity.



The FAA wind cone (sock) can be of several colors but usually orange and either 8 or 12 feet long.  Wind socks are fully extended in 15 knot winds. 

I make a practice of having students practice reading windsocks by comparing ATIS or tower wind directions and velocities with their guesses from the windsock.  At one time Concord, CA had five windsocks.  It was not unusual to have them all showing different direction and velocity.



A weather related accident is most likely to be blamed on the wind.  Wind does have a lot to do with your flying.  The unequal heating of this planet's mixed surfaces of land and water causes wind.  The time of the year and the weather is related to wind direction and velocity. The world is not heated evenly as it moves around the sun, changes distance, leans, and turns.  The uneven heating causes the movement of air masses seeking equilibrium.  This uneven heating also causes pressure differences and pressure gradient forces.  This causes wind.  The greater the pressure differences in you altimeter setting the stronger will be the winds.  The warmth of the earth causes vertical movement of air.  



Local small-scale winds are caused by the flow of air to replace the air that is rising.  Water instead of absorbing heat reflects most of it.  Land absorbs instead of reflecting.  The hotter land causes rising air thermals.  When the sun goes down the land gives back to the atmosphere much of the heat acquired during the day.   Land makes this change at five times the efficiency of water.  At night the water is warmer than the land and the flow of the wind reverses. 



Where the pressure isobars bend the effect of centrifugal force is greatest.  This is the force the wind has upon itself due to differing pressure gradients.  The rotation of the earth also creates a force against the air surrounding the earth.  This coriolis effect causes the winds in our hemisphere to be deflected right.  Anything projected into space is deflected by this coriolis effect.  The winds of the southern hemisphere are deflected left. This effect is weakest at the equator which explains the absence of extreme highs and lows there.  



Gustave Coriolis mathematically described the effect of the earth’s rotation on moving objects in the atmosphere.  The effect begins at the equator a zero and increases toward the poles.  The effect also increases

as the wind speed increases.  

	

Winds should flow parallel to isobars but frictional forces affects the flow of air below  a couple thousand feet.  Wind strength increases above this level.  This frictional force makes the wind turn across the isobars into the low at a 30-degree angle.  It is only above the frictional layer that the winds parallel the isobars.	 



Cold fronts are areas of lowest pressure and strongest winds.  Wind coming over water carries moisture.  Wind direction and velocity can vary dew point spread.  If you stand with your back to wind point to the area of low pressure.  this tells you where the fronts are located.  Winds over water or blowing up slope are likely to worsen weather conditions.  When forecast winds are in error then the entire weather forecast is in error.  Westerly winds bring better weather.  Southerly winds bring worse weather.  Surface winds 100 miles to the west are likely to arrive at your location in two hours.  The pilot who makes note of frequent changes in altimeter settings is in an area

of strong winds.



The cold air of the world descends to the surface near the poles.  Moving southward it deflects to the right.   Much of the U. S. weather is caused by this polar front and its associated low, the Aleutian low.  The Aleutian Current is a north to south cold current that causes the weather

along the Pacific coast. 

Wind Shear

Invisible atmospheric phenomenon can be present on all sides of the thunderstorm, in the downdraft under the cell, and in a gust front which can precede a thunderstorm by 15 miles or more.   Wind shear is a local variation, at a given time, of wind velocity with distance.  It is measured by dividing two velocity variation by the distance between them.  A wind speed difference of 50 knots over one mile would be a shear of 50 knots per mile.  Wind shear is caused by thermal eddies near the ground or by strong winds crossing rough terrain.



A rapid agitation and whirl of air which changes or varies wind velocity by 15 knots, or a change of vertical velocity of 500 fpm or a change in direction.  Windshear includes lateral shear, rotor winds, dust devils, macrobursts and microbursts.  Vertical velocities of over 4000 fpm and wind speed changes over 90 knots have been recorded.  Between 1% and 2% of all

thunderstorms create severe windshear.  



Windshear can be a problem for all aircraft and becomes a problem for light aircraft especially when encountered when operating at full power with no reserve performance available as for climb or takeoff.   Unlike jets, the propeller aircraft gets a rapid response from power applications so where reserve performance is available the effects of windshear can be corrected.

You can expect wind velocity to decrease as you get closer to the ground.

The wind direction will shift clockwise at the same time.



Majority of wind shear accidents occur in Colorado and California.  A thunder storm need not be close by.  Even distance storms or virga can cause potential danger.  Moisture is not a necessary factor. The best technique is  avoidance.  Be aware that wind shear is likely in the vicinity of virga, convective activity in formation of thunderstorms and frontal passage.  About ten "windshear accidents" occur every year with 9 of these light aircraft.  The area of greatest danger for wind sheer is when landing or taking off.



		The winds will vary in both direction and speed with altitude.   The

		landing pilot must be prepared to have higher velocities and different 			directions even from pattern altitude to touchdown.  ATIS winds are taken

		about twelve feet above the surface by a multi-cup wind turbine called an 		anemometer.  This means that all winds above and below this height will be 		of a different velocity and direction. The closer to the ground the more 		to the right will be the wind direction and of less velocity due to earth 		friction.  Thus running out of rudder authority at 500 feet above the 			airport means that some of that authority will be regained at ground level. 

Mountain waves

To have a mountain wave, you need a mountain obstruction to the air flow of 25 knots or more at an angle within 30 degrees perpendicular to the obstruction.  The wind velocity should increase with height and exist in a stable air mass.  The smooth updraft on the windward side gives severe turbulence on the lee side.  Turbulence can occur below lenticular clouds.  Always cross ridges at 2000' AGL and remember at 10000' you have lost 30% of your engine power.  To get out, terrain permitting, turn downwind.  In wave conditions, a mile one way or the other can make a big difference.   Actually there are two different mountain waves, one that is smoothly flowing and another that is breaking much as would an ocean wave be smooth before breaking.



Three types of clouds come with the mountain wave which comes with strong winds over jagged terrain.   The basic cause is large differences in

pressure in a stable air mass across a mountain range.  The mountains force the air by orographic lifting to higher altitudes.  The stable air will go

lower once past the mountain and may be forced into a series of cycles much like a wave.  The wave can extend for hundreds of miles with the top of each cycle indicated by a lenticular cloud.



During January and February pay particular attention to weather reports of rapidly falling pressure, temperature changes across mountains, winds over thirty knots and strong surface winds.   Oddly, a difference of a couple of

miles can make significant difference in the mountain wave effect.  The

problem is, which couple of miles.

Jetstream

The jet stream is a belt of high altitude winds just at the tropopause level. The easterly wind speeds increase in winter and shifts from the poles toward the mid-latitudes.  Windshear and turbulence is common on the northern side of the stream.  The speed is caused by temperature differences.  The presence of a jet stream is best detected by temperature.  Wind must be over 50 knots and can be up to 200 knots.  



The jet stream was actually discovered and became a factor in flying in WWII.  B-29s on high altitude  bombing missions over Japan found that the bomb sights were often unable to cope with both the slow and fast ground speeds being encountered by bombers flying in the jet stream.  The great inaccuracies that were occurring prompted the low level fire bombing that resulted in the collapse of Japan.

Turbulence:

The student/passenger introduction to turbulence and weather should be, likewise, gradual both as to duration and severity.  The better a pilots knowledge of wind/weather patterns the better able he will be to select desirable conditions.  The stress of turbulence is harder on the pilot and passengers than on the aircraft.  Turbulence makes flying unpleasant.  It is the unpredictability of turbulence that causes this stress.  The dislike of turbulence is inherently related to our instinctive fear of falling.  Perception of turbulence is directly affected by exposure and contemplation.  Passengers and students detect the demeanor of the pilot/instructor in turbulence and infer the amount of concern required.  Gradual exposure is the best way to overcome turbulence anxiety.  You don't need to like it to over come its effects on your flying.  Turbulence is harder on people than it is on airplanes.  The airplane is affected by reduced climb, heading changes, and

altitude excursions.



Turbulence is not limited to inside thunderstorms and other vertical clouds; it can be found in areas below and around them.  Virga is an indicator of microburst activity.  Strong winds over mountainous terrain produces mechanical turbulence.  High level turbulence is related to the jet stream.  Temperature differences, over 6 degrees Celsius, associated with frontal movements produces turbulence and wind shear.  Anything stronger than light turbulence is capable of making aircraft control impossible and causing structural damage.  Severe turbulence can tear an aircraft apart.



Turbulence  accidents most often occur during takeoff and landing. 40% of turbulence accidents are 40% caused by control problems.  If you suspect that there may be a problem the decision not to depart is wise, the corresponding landing choice may not be available.  In strong winds minimize the use of flaps and use higher approach speeds.  You can even request the use of a taxiway going into the wind.  Once on the ground you may be in conditions that do not allow a safe taxi.  Get ground help.  A friend of mine once found that any attempt to taxi caused him to become airborne.



Va, maneuvering speed is commonly thought of as having to do with control movement.  Va, is the turbulent air penetration speed.  Va is based on weight, the heavier the weight the higher the Va.  I find that thinking of it as driving over country railroad tracks.  The lighter the car the higher the bounce.  Flight into turbulence at below Va makes the plane stall before it breaks.  Know your Va.  Once way to determine the approximate Va at below gross weights is to change the Va by half the percentage of weight reduction.  Find the actual weight reduction below gross as a percentage of gross.  Increase the published Va by half of the weight reduction percentage.  A 30% reduction of weight would result in a 15% increase in Va.  If you are flying light, go slower than the published Va. 

   

There is another speed used in turbulence that is different than Va; it is called structural cruise speed or Vno.  Unlike Va this is shown on the airspeed indicator as the meeting point of the orange and green.  This is a speed below cruise that is recommended for rough air penetration.  Vno does not offer the structural assurances offered by Va.  The further below Va you are in turbulence the less likelihood there is of structural damage. 



Don't turn in turbulence.  Any bank greatly increases the potential to overstress the airframe.  The enemy when flying in turbulence is losing control.  Fly attitude, stay level, and take what ever altitude nature lets you have.  Managed turbulence will not cause structural failure. 

Making Turbulence

Permanent high pressure exists at the poles.  Permanent low pressure exists at the equator.  The sun heats the air in the tropics and it settles at the poles.  Or it would if it were not for the rotation of the earth.  Rotation causes what should be one big circulation cell to divide into three.  Where most of the people live and fly, one of these cells have winds that go to the right.  The winds at the surface are from the southwest while winds aloft are from the west and northwest.  The 30 to 60 degrees of latitude are the battleground of the dry polar winds and the moist winds from the tropics.



If it were not for the sun all air flow would be smooth and orderly.  The sun disrupts the flow of air.  Turbulence is simply the effort of the air to return to the smooth and orderly flow  that would exist were it not for the sun effects.

Microburst

Narrow column of rapidly descending air is usually only about one to three miles in diameter with high velocity downdrafts that can descend to ground level creating a high velocity outflow of air.  Thus, microburst wind shear effects can be both descending to 6000 fpm and horizontal variations of 80 kts.  A microburst is like a truncated cone with a top diameter of one mile extending to five miles at the surface.  Microbursts are normally wet but can be dry (rings of rising dust).  The life cycle of a microburst is only 10 minutes.  Do not attempt to out-climb a microburst downdraft.  The best you can hope for is flight at Va to minimize structural damage while you hope to fly out.



A thunderstorm need not be mature to cause a microburst.  A microburst can last as long as fifteen minutes and may not have visible precipitation.  Without doppler radar or precipitation a microburst is undetectable.  If you see evidence of wind shear, gusty conditions, high temperatures, a wide temperature-dewpoint spread and virga any two of the above are microburst probability indicators.

 

Clear Air Turbulence (CAT) 

CAT occurs where there are high altitude winds above 15,000 feet.  There are no clouds or other visual warnings of CAT.  CAT is most frequent on the northern side of the CAT in winter.  	



Avective turbulence is due to strong winds over rising surfaces.  Cloud shapes and patterns are indicative of these winds.  Look for lenticular clouds as indicators of mechanical turbulence.  The turbulence is determined by the wind velocity, terrain, and the lack of stability in the air mass.  Sigmets for low altitude turbulence occur in such conditions.  Partial avective turbulence avoidance requires altitudes 50% greater than that of the terrain  



Convective turbulence is due to uneven heating of the earth's surface due to texture or surface covering.  Solar heating or cold air moving over heated surfaces causes instability.  Instability of the air is turbulence.  Without the heat there is stability and no turbulence.  From late morning to late afternoon the solar rays will cause thermal turbulence.  The lighter the wind the higher the thermals and the greater the turbulence.  In summer convective thermals can reach to 14 thousand.  In winter five thousand is typical.  Haze reduces the strength of thermals.  A thunderstorm is a convective thermal of at least 10,000 feet. 



Close to the surface there is a layer of air called super adiabatic.  After a night of keeping the night air warmer this layer is stable.  The rising sun heats the earth below this layer by passing heat energy right through it.  The ground heats the air touching the earth.  This air rises through the super adiabatic layer.



The initial early morning warming efforts of the sun will only affect a

few hundred feet above the surface but as the day progresses the more direct rays of the sun heat the earth sufficient to cause rising thermals of many thousands of feet.  Only a stable layer of air powerful enough to cap the rising thermal can stop it.



Rising thermals of air are like ever thinner columns which may blend until

forming a mushroom top similar to an atomic explosion.  A black surface area will cause the first and most rapidly rising thermal.   The strongest rising air is at the microfront or upwind side of the thermal.  Widely varying velocities occur along the thermal microfront.  Where you see cumulus clouds you are seeing the tops of thermals.  

Windshear

Turbulence can cause up/down drafts that exceed the capabilities of a G.A. Aircraft.  It is best to maintain level attitude at reduced airspeeds and power settings and not to try to contain altitude.  ATC will give you an altitude "range" under such conditions.



Turbulence is caused by rising air.  Air rises because of movement across rising terrain or because it is warm.  Likewise, air temperature gets colder at higher elevations.  Why, then, doesn't the cooler air stop rising?  Air pressure decreases as it rises.  As air rises into decreased pressure it expands.  The expansion causes a decrease in temperature.  The lapse rate or change in temperature as at 2 degrees Celsius or about 3.5 degrees Fahrenheit.

  

Whenever the warmer rising air contains moisture a new factor affects the lapse rate.   Warmer air can contain more moisture than cooler air.  As warm air, containing moisture, rises, it expands due to decreased pressure and cools.   As the air expands and cools it releases heat into the surrounding atmosphere .  This process called condensation causes the moisture to become visible at the dew point.  The dew point is where air, at a given temperature, contains sufficient moisture for it to become visible.  When this process begins to cycle, to repeat itself over and over, we get rising thermals of air and turbulence.

  

Thermal activity can cause initial warm air to rise, expand, cool, condense, warm, rise, expand etc. at a rate that easily exceeds the climb rate of an aircraft.  We often see this as initial scattered puffy clouds  which, as the sun rises, become cumulus clouds.  Any one or all of the cumulus can become a towering cumulus thunder storm.  A given thunder storm can have winds and turbulence exceeding the structural capacity of any aircraft.  For this reason, any flight planned into areas subject to this type of weather should be on the ground by mid morning.



A special form of thermal is called a dust devil.  Dust devils do not occur nearly as often as thermals and they are often quite visible but not if in a paved area.  Dust devils are spinning thermals that move with the prevailing winds.  Fly upwind of dust devils.  Do not takeoff or land in the vicinity of

a dust devil.



All thermals can be avoided by flying at altitudes above their cap level.  This means that flying above the clouds will be relatively smooth.  The hotter it is the higher you must fly.  Maintaining level flight in thermal conditions requires that the pitch attitude of the aircraft be varied

to counter the up and down drafts of the thermal area.  Slow down if it gets rough.

Reporting turbulence:

Frequency

Occasional- less than 1/3 of time

intermittent - 1/3 to 2/3 of time

Continuous - more than 3/2 of time

Categories Subjective and dependent on size and weight of aircraft

Light - slight and rapid no change in altitude or attitude

Report as light chop or light turbulence

Moderate - Greater intensity than light - seat belts strain felt - 		objects move.

Severe - Large abrupt changes in altitude and attitude - variations 		in airspeed - objects tossed around.		

Extreme - Aircraft control in doubt -

Birth of a thunderstorm:

The warm earth begins to release heat into cooler moist air.  Puffs of cumulus begin to form and rise.  Two or three of the puffs merge, are warmed more and rise faster while gathering in the warm moist air from nearby.  The tops of the cloud have reached colder regions of surrounding air that condenses and forms slush balls of graupel.  These balls begin to fall through the cloud.  The rising air from below raises the graupel hundreds of feet where it falls.  This is repeated over and over as the puffy cumulus has darkened and become a cumulonimbus.  The positive and negative electrical charges within the cloud have begun to separate top and bottom.  The big show is yet to come.                                                                                                                                                                                          

Thunderstorm Features 

A thundercloud can weigh 100,000 tons. (This does not include air pressure).  The energy in an average thunderstorm is that of ten atomic bombs.  (400 kilotons)  Thunderstorms often go above cruising levels of commercial aircraft.  The downburst of descending air underneath a thunderstorm have proven to be extremely dangerous to low-flying aircraft.  Thunderstorm can breed tornadoes with wind speeds up to 285 mph.  The vortex of a tornado may extend from the ground well into the cloud.  Any flight into a thunderstorm could encounter a tornado.  Never fly in the vicinity of cumulonimbus mammatus clouds.  Hazardous turbulence is present in all thunderstorms.  Maneuvering greatly increases the stress (G-forces) on an aircraft and should be avoided in any turbulence.	



For a thunderstorm to exist you must have water vapor in huge amounts which means a very high humidity, an unstable lapse rate of over 3.5/2 degrees Fahrenheit/Celsius, and a lifting action cause by terrain or heating.  When temperature increases or decreases by a 20-degree increment the relative humidity reciprocates (the opposite way) by halving or doubling.  Ex: 60-degree temperatures with relative humidity of 25%.  temperature rise of 20-degrees to 80 will cause relative humidity to drop to 12 and 1/2%.  Temperature drop of 20-degrees to 40 will cause relative humidity to rise to 50%.



The more lightning the more severe the storm.  Thunderstorms have rounded bases with severe up and down drafts best not fought but ridden to avoid over stressing aircraft.  Once caught do not turn since this also increases stress on the aircraft.  Don’t knowingly fly under a thunderstorm since turbulence is a given feature and is usually accompanied by a downburst or microburst of wind and water capable of increasing the aircraft gross weight beyond its climb capability.



Basic requirements are:

Unstable air---

Initial updraft---latent heat released by condensation will increase buoyancy of rising air column and create a ‘burner chamber’

Air with high moisture content	

Radar classification

		By strength	

Weak

moderate

Strong

Very strong

Intense

Extreme or severe

	Damaging winds of 50+ knots, 3/4" hail, tornadoes.

By type

Air Mass - which develop due to surface heating.  Summer afternoons are the periods of greatest activity.

Steady State - Caused by frontal activity which can develop into squall lines and tornadoes.



Limited state thunderstorms grow so rapidly that they self-destruct.  The updraft becomes a downdraft that cools off the heat engine below and

the storm dissipates.  When the cloud stops raining the dissipating stage is complete.  the life span will extend from 20  to 90  minutes.  If the up/down drafts balance  you get a steady state thunderstorm which may last for twenty-four hours and travel a thousand miles.



Imbedded Thunderstorm

The air-mass thunderstorm tends to be big and visible.  Accidents occur when pilots try to fly under them.  Most thunderstorm accidents occur when pilots unintentionally penetrate imbedded cells.  The imbedded cell needs moisture, lifting force, and instability.  Moisture is readily available in early spring.  The overhead jet stream and mountains gives the required lifting action.  Troughs or low-pressures aloft give the instability.  The process of imbedding occurs when a wide area of wet stable air has occasional pockets of instability and lifting action.  This instability is most likely to occur along a weather front.  



The imbedded cell will be smaller than the air-mass cell.  If the situation aloft supports instability then cells can form inside layers of stratus.  Your weather briefing should cover such things as the speed of the cold front, if there is an overlying jet stream or low-pressure and if the Lifted Index is negative.  Throw in irregular terrain and you have the real

likelihood of imbedded cells.  Warm fronts don’t usually pose a threat unless they are moving close to the speed of a cold front.  A stationary front that derived from a front containing imbedded cells is likely to contain cells.



Squall line

A squall line is a multiple cell storm.  It is usually a nonfrontal, narrow band of fast moving thunderstorms strung out across the countryside, sometimes extending over a hundred miles.

  

Tornado

This funnel-shaped cloud extends downward from the base with an extremely concentrated vortex that sucks up dust and debris and causes extensive ground damage.



Hurricane

When the winds rise above 34 kt the National Hurricane Center gives a name to a tropical storm.  At 64 kts the tropical storm is called a hurricane.  Such a storm is called a baguio in the Philippines, cyclone in the Indian Ocean, and typhoon in the Pacific.  Out name hurricane comes from the Spanish huracan which was probably derived from the Mayan storm god Hunraken.

Classification by stages

Cumulus stage

During this stage there is usually no falling precipitation because rain is being carried upward, or is suspended by the rising air currents.

Weather service uses 4000' value as a general idea when there will be significant rainfall.   Every cumulus cloud is a TRW wanabe but very few make it.  When a cumulus cloud is on its way to a TRW it has an updraft that may extend several thousand feet above the cloud level.  The greater the vertical

development the deeper will be the layer of unstable air and the greater will be the turbulence.  Icing at higher levels.



Mature Stage

During this stage precipitation begins to fall as a downdraft develops.  All thunderstorm's hazards reach maximum intensity during this stage as updrafts and downdrafts create vertical windshear and much turbulence.  The severity is determined by the strength  of the updraft, the presence of water droplets forming into rain which when they begin to fall through the updraft marks the beginning of the mature stage.  This build-up can take as little as ten minutes.



Dissipating stage

During this stage the entire thunderstorm will become an area of downdrafts as the updrafts continually weaken.  Rain will cease. 

Lightning:

Accidents causes by lightning are rare.  Lightning does not usually cause aircraft damage.  It has, however, been known to burn holes, magnetize ferrous metal parts, possibly affect engine life, electrical systems, and damage electronic gear.  Most of lightning current remains on the other surface of the aircraft by entry and exit point may show burns or holes. 



Most lightning occurs within clouds.  Each stroke begins when charged particles existing on ice crystals are moved by turbulence to create an area of positively charged ions.  The positive ions gather at the top of a cloud

and the negative electrons at the base.  This causes the negative charges

that exist on the earth’s surface to be repelled.  The effect of this is to

give the earth a positive charge.  With increased turbulence the fields

gather strength until a leader from the clouds gives the positive ions from the ground an upward path.  When the leader and the positive ions meet a

sudden surge of current called the “return stroke” moves along the leader

path giving a flash called lightning.  The first flash often breeds others.

The temperature of a flash is over 50,000(F and causes instant expansion of

the surrounding air with the resulting thunder sound wave.  World wide there are 100 lighting flashes per second. 



Lightning is a very long electrical spark.  Lightning energy comes from the warm air rising into a developing cloud.  Another cause is the rise and fall of graupel and hail inside a cloud the top of the cloud to accumulate a positive ion charge while the falling graupel and hail becomes negatively charged.  A lighting flash occurs when the relative difference between the two charges becomes great enough.  It begins with a 'leader' reaching the opposite charge.  The electron difference strives to be neutral by flowing through the 'leader' at a velocity of 100 milling meters per second at upwards of 200,000 amperes.  This return stroke causes the flash and boom.



Another explanation is that the negative charge of lower cloud level of graupel and hail causes the charge of the earth to become positive.  Again, when the differences become great enough to break through the insulation effects of air a cloud to ground strike occurs.  At first there is a slow transfer of electrons.  Then a stepped leader (zigzag) goes at 60 miles per second from cloud to ground.  Each zig and zag is about 200' long.  As it zigs and zags it may split into multiple strokes.  Each stroke is about an inch wide.  When the leader reaches the ground all the surrounding higher objects  send off upward streamers.  When one of these streamers meets a leader it completes a circuit that proceeds upward at half the speed of light and an average of 30,000 amperes.  The air in the leader tunnel reaches 60,000 F its supersonic expansion creates thunder.  Each major stroke lasts a millisecond and may be followed by return strokes.  Lightning occurs in flashes, bolts, sheets, ribbons, glow and balls.  If you avoid thunderstorms you will avoid lightning strikes.  Tucson has National Lightning Detection Network.  Hundreds of sensors that use satellite linkage to continuously map activity.

Hail

A drop of water falling in a thunder cloud is blown upward to freezing level and solidifies as ice crystals.  Very often the power of the updraft is sufficient only to maintain the position of the hailstone within the cloud while the ice accumulates unlit the updraft can no longer sustain

the stone and allows it to fall free of the thunderstorm. The crystals rise and accumulate more moisture and becomes a mushy lump called graupel.  Graupel rises and falls again and again or may remain at one altitude as it becomes ever larger.  Some of the graupel is blown so high and freezes so hard that it is blown out of the anvil of the thunderstorm and falls as hail.  From a distance falling hail is greenish in color.  Flying in hail is looking at thousands of bullets coming right at you. It can strip the paint from aircraft leading edges in minutes.



Spring and summer are the main hail periods of the year since they occur during the thunderstorm season.  Sleet occurs in the winter near the surface.  Supercooled water drops or graupel will ice an aircraft in a very short time.  Updrafts speed requires to form 1/2 hail is 22 mph.  3" hail requires 100 mph updrafts.   3/4" hail is grown in 'severe' thunderstorms.

Thunderstorm Survival

Half of all thunderstorm accidents (25 per year with 50% fatality rate) involve VFR pilots.  Because of flight direction or visibility restrictions many thunderstorms do not appear as normally depicted.  Flight into a thunderstorm is a EMERGENCY.  Apply carburetor head and pitot heat.  Do not turn.  Disengage autopilot.  Keep wings as level as possible and go with the flow as concerns altitude.  

 

VFR flight with 5-10 mile lateral clearance. Avoidance is the first 			and greatest option.  20 miles for big and high ones.

Never fly under a visible thunderstorm, under weather that may 			contain embedded thunderstorms, or under or near an anvil.

Don't race a thunderstorm, go the other way.  Find another airport.

Use your radio and take the best local advice you can get. 

Slow down to maneuvering speed Va for your weight.  The lighter you 			are the slower you go.

Manage the cockpit, passengers and articles tied down.

Don't try to turn.  Keep wings level and accept altitude changes.

Attempting to maintain altitude is a most likely source of 				structural failure. 

Pitot heat, carburetor heat, and cockpit lights on.

Flight below cumulus will be bumpy but you can see the dark ones and 		rain to be avoided.

You can’t judge a thunderstorm by external appearance.



Once you have decided to fly into a possible cumulus concentrate on

aircraft control.  Fly by attitude not altitude.  Accept any altitude

changes and advise ATC of this.  Keep your wings level and don’t turn back since this turn may cause the structural limits of the aircraft to be exceeded.  Hold your heading as the shortest possible route out of the

situation.

Thunderstorm Statistics:

Seven out of ten T-storm accidents have fatalities.

Wind velocity at 10,000’ gives rough estimate of thunderstorm movement.

50-100 earth strikes per second year round from 1800-1900 existing 		average of thunderstorms occurring at any moment.

Most lighting is inside of clouds.  Next in frequency is cloud to 		ground.  Cloud to cloud and cloud to air are rare.

Lightning is multiple strokes lasting a half-second with pauses.  		Width of a finger but can be miles long.

Florida is thunderstorm center with 25-40 ground strikes per square 		mile.

Lightning kills 100 and injures 250 every year more than the combined 	totals of tornadoes and hurricanes.

Fewer thunderstorms develop in an area during the winter due to low 		freezing levels.

The more frequent the lightning, the more severe the thunderstorm

Increasing frequency of lightning means a growing thunderstorm

Lighting along a large part of the horizon indicates a squall line.

Don't takeoff or land into a thunderstorm

Don't fly into or under a thunderstorm

Don't try to fly around a large thunderstorm

Avoid by 20 miles identified as severe

Only 8% of level three storms contain severe turbulence.  

1.5% of all storms contain severe windshear.

Forecast Ice

The NTSB seems to think a forecast of ice provides the fact that ice exists.  Contrary PRIEPS do not apply.  If an icing SIGMETS exists a takeoff is considered a violation of the FARs.  In the winter that is most of the time. 2/10 of weather coverage (rain or ice) means that 80% of area is rain/ice   free.  If there is ice in clouds, you want to stay above and out of them for as long as possible.  The FAA considers "known" icing to be if "ice" appears in the forecast.  It would be very difficult to fly IFR in the winter without entering an airmet area forecasting potential icing.  The legality of filing up through an icing layer to on-top VFR is questionable.



What works to remove ice from an automobile will not work for an airplane.  I once knew a pilot to use a hose.  Three hours later in a heated hanger and many man-hours of drying he was able to depart.  If you have ice, you can remove it in a heated hanger but the moisture should be totally removed with towels.  Open the doors and get the aircraft cold before going outside.  Wing surfaces above the outside temperature can cause any precipitation to melt and re-freeze on contact.  



FAR 135.227 applies to air taxi and commercial operations and not to Part 91 but its advice would be well heeded.  Do not depart with frost, snow, or ice on propeller, windows, engine, pitot, static, wings, or control surfaces.  Internal water that may become ice and affect flight must be removed. 



Pilots are required to use aircraft only in conditions for which certified.  Most removal systems are specific and usually leave much ice on the aircraft.  Ice adheres to the structure when the temperature is at zero degrees Celsius.  If icing is encountered take action such as 180-degree turn, climb, descend or contact ATC.  Altitudes 2500+ feet below the freezing level and 7500+ feet above the freezing level would under standard conditions be ice free.  Avoid visible moisture but the absence of visible moisture is not a reliable indicator of icing hazard.  



Ice may not form in stratus clouds below -15 Celsius, but this is not so where there is a rapid lifting or stratocumulus behind a cold front.  References are ACs 91-51, 91-13C.  It should be noted that air is rising in all clouds, if clouds did not rise the moisture making the cloud would fall.  In stratus clouds the air is rising less than an inch a second.



Always have a way out to where ice won't form and where any airframe ice is likely to melt.  The FAA will cite you for a violation if you fly into forecast icing and have a problem.  If PIREPs confirm icing, don't fly.  When flying above clouds and in below freezing temperatures don't make an immediate descent into the clouds and possible moisture.  Descend to the cloud level and let the aircraft warm up before getting wet.  Pilots do not notice very small amounts of ice that can radically affect aircraft performance.  Frost and ice so thin as to be visually undetectable can destroy the aerodynamics of airfoils.



The ability of an aircraft surface to collect ice depends on air temperature, time of exposure, curvature, the amount of water available, the size of the droplets and the aircraft speed.   Large blunt surfaces do not collect as readily as do thin sharp surfaces.  The thinner tail surfaces are better collectors and show degradation effects much more readily.  By the time you see ice on the wings it is too late.  Laminar airfoils suffer the most from icing.  Only an absolutely clean surface is safe.

Clouds and Icing

Kind of ice is determined by drop size 

Amount is determined by drop distribution

Hazard is determined by aerodynamic effects of the aircraft



Temperature is a variable factor related to fuel, aircraft surface, and relative levels to precipitation.  The most hazardous region for icing is in the mountains.  Icing can occur any time of the year.  As icing increases the stall speed of the aircraft increases.  The approach speed of an ice up aircraft should be increased.



Supercooled clouds contain liquid very small droplets even though temperature is below freezing. (5 to 100 microns in size)



Ice crystal clouds form where the moisture is frozen into in crystals.



A convective SIGMET implies severe icing.  Sigmets are issued for severe icing.  Airmets are issued for moderate icing.  Icing forecasts are now issued as AIRMETS; they cover a 6-hour period and are updated as required.

Types of Icing

Clear - hard, dense, glossy and heavy, due to slow freezing of large drops that flow and assume shape of surface.  Range is +5 C to -10 C in cumulus clouds. Most likely in freezing rain since drops form continuous heavy sheet as they spread out and freeze.  Changes shape of airfoil and reduces effectiveness.  Thin layers difficult to see.  Detectable only by touch.

The worst form occurs in freezing rain.  No aircraft is certified for flight into freezing rain. 



Mixed - brittle and frost-like with glossy outer crust.  Due to flight in mixed cloud types.  Worst of both types of ice.  Combination of both types since moisture is of different sized drops.  Shows as hard rough accumulation.

Most likely to occur in frontal zones over mountainous areas.



Rime - hard rough milky-white conglomerate due to rapid freezing of small supercooled droplets.  High air content like in refrigerator.  Grows on front of aircraft surfaces.  Colder temperatures than clear ice below freezing in stratus or fog from -10( to -20(C.  Forms when aircraft surface temperature is below freezing and then flies through supercooled water droplets.  Droplets freeze quickly without chance to flow.  Forms on leading edges and appears rough and brittle.  Similar to refrigerator ice with trapped air spaces that greatly reduce the weight.  



Frost - Usually occurs on stationary objects as thin granular on upper surfaces.  Due to sublimination of water vapor directly to frost in below freezing weather.  Frequently at night when temperature and dew points are below freezing.   This condition provides moisture required to crystallize on aircraft.   Can occur in flight when aircraft skin is cooled below freezing prior to descent into moist air or even drizzle.  Forms much as due but air is below freezing.  Frost is white and opaque.  It is formed by sublimation since it goes directly from vapor to ice without going through the liquid stage.



Frost causes a rough surface and inhibits the smooth flow of boundary-layer air.  This slower air separates from the airfoil sooner and decreases

lift.  Frost will cause a 10% increase in stall speed.



Freezing rain - When rain falls through colder air below it may become supercooled.  It is still rain but on contact with a freezing surface will instantly freeze.  Ice pellets, U.S. commonly called sleet,  were once freezing rain .  Warmer air will be at a higher altitude.  Freezing rain differs from freezing drizzle only in that the 500 micron droplet size separates the two.  Descending through snow into freezing temperature means you can expect to enter freezing rain. 

Levels of Icing 

(size/kind of aircraft a determining factor

Trace - perceptible but not a factor in less than an hour  Rate of accumulation is slightly greater than the rate of sublimation.  It is not hazardous even though deicing/anti-icing equipment is not used unless encountered for over an hour.



Light - accumulates and a hazard at one hour +.  Light icing has a rate of accumulation that may create a problem if flight is 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 - Moderate icing has a rate of accumulation such that even short encounters become potentially hazardous and use of deicing/anti-icing equipment or a flight diversion becomes necessary.



Severe - Severe icing has a rate of accumulation such that deicing/anti-icing equipment fails to reduce or control the hazard.  Immediate flight diversion is necessary.

Icing Avoidance

Visible moisture

Aircraft external surface temperature at or below freezing

Ambient air temperature a degree or two above freezing

These textbook requirements do not ALWAYS apply.

Light aircraft should not fly in clouds and freezing

	temperatures.

Plan a no-flap landing any time you have icing. 

Be aware that aircraft handling will be degraded by:

	Loss of stability

	Reduced or loss of control

	Possible tail stall



Rising air causes water vapor to rise and condense into water droplets.  Some of these droplets may form ice crystals but others remain liquid.  As cloud droplets cool to freezing and below they may fail to become ice crystals.  Clouds from 0 to -10 Celsius are likely to be only supercooled droplets. The droplets do not have the required nuclei to trigger the creation of ice.  Below -20 Celsius only ice crystals will exist. If these droplets become too large to be lifted they will fall as freezing rain or drizzle.  A wing meeting this supercooled water will make ice on a wing surface. Icing is more likely in a cloud when the sky is clear overhead.  This is because any falling ice crystals form at the expense of water droplets.  The biggest cloud drops are confined to small areas or shear zones.  Turbulence is a characteristic of a shear zone. 



Major effects of structural icing on the aircraft itself consist of airfoil changes, weight, blocking of air intakes, loss of visibility, radio, interference, and corruption of static instrument readings.   



When moisture and sub-freezing temperature are combined you have the basic ingredients for icing.  The major effect of ice on an airplane is that it disrupts the smooth flow of air, increases drag and thereby the stall speed. Weight is not as critical as is the effects on air flow.   For ice to accumulate the temperature has to be below freezing and the moisture visible.  Icing decreases speed, lift, range, climb performance, service ceiling, visibility, radio reception, thrust, engine cooling and combustion.  Icing increase gross weight, stall speed, fuel consumption, flight time and heart rate.  



Icing at high altitudes is not at usual as at low altitudes and when occurring is rime ice.  Accumulation rate will be less.

Avoiding Ice

Depart the area

Climb to above freezing temperature 

Descend to above freezing temperatures

Frost should always be removed form an aircraft before flight.

Freezing or supercooled rain is most hazardous of all conditions.

A 180 out of icing is a crap shoot.

Climb at reduced angle of attack to improve stall margin.

You can only avoid icing by avoidance of icing conditions.

About Ice

Have an ice escape plan.

Preflight pitot heat.

Know icing characteristics of flight path.

Know where the warm air is.

Cloud tops (ice) rises toward the low pressure center.

Cycle boots to assure operation.

Use shallow climb in icing conditions.

Give PIREPs on 122.0

Land without flaps.

There is still a lot we do not know about aircraft icing.

Icing Checklist

	1. Make a 180( turn.

	2. Climb if your performance allows.

	3. Use carburetor heat or alternate air.

	4. Apply pitot heat

	5. Defrost the windows in preference to cabin heat.

	6. Apply partial flaps in the descent but not in the approach.



What’s New

Metal coated electrothermal system imbedded in paint are in the offing.

Electric eddy currents and magnetic repulsion can move ice and cause it to

be shed from lifting surfaces.  Another system pumps anti-freeze through 

small holes in the wing surfaces to prevent the formation of ice.

Icing Accidents

For the formation of ice it is required that you be in freezing temperature and visible moisture.  A parked aircraft can get ice at less than freezing temperature.  The worst ice occurs in freezing rain below clouds.  Such icing will be quite rapid in build up.  Icing disrupts lift, jams controls, chokes engines, disrupt radios, and clog inlets.   It is not a safe assumption that you can tell the existence of icing conditions by visual means.  The FAA finds any flight into forecast ice as ‘careless operation’ under FAR 91.13.  FAA weather forecasts are consistently conservative because there has been no appreciable improvement in forecasting capability.



Icing as a cause of accidents seldom remains as evidence.  Unless the pilot has revealed the existence of ice the investigators can only make presumptions from assumed flight conditions.  About 45 General Aviation accidents due to airframe ice happen every year.  PA-28s and C-182s, perhaps because of presumed performance capability, are worst offenders. In flight icing accumulation usually results in approach or touchdown accidents.  Structural icing accidents are most apt to result in fatalities.  While only one in six aircraft accidents result in fatalities, 56% of icing accidents result in fatalities.  Almost 50% of the structural icing accidents/fatalities occurred during takeoff. A millimeter of ice on a wing will reduce lift 25%.   What does this say about preflight?  I once found ice on one wing and not on the other of a PA-32 during a preflight.  The ice was detectable only by feel.



The rounded leading edge is one of the last places to accumulate ice although it is where pilots look first.  The sharper the surface the more likely it is to get ice.  This is one of the reasons tail surfaces are first to accumulate ice.  The divided air flow around lifting surfaces carries most of the water droplets to freeze on the surfaces.  A trace of ice on the wing implies a lot on the horizontal tail.  Under-wing icing is most likely to occur during climb.  The suggestion that you attempt to climb out of icing conditions may not be applicable to GA aircraft.  The mention of possible icing along your flight planned route in an Area Forecast (FA)is sufficient to make the trip ‘flight into known icing’.  A confirmation of ice means, ‘known’ icing conditions’.



Roll upset is an aerodynamic stall caused by self deflection of ailerons

that occurs in aircraft with unpowered ailerons and pneumatic deicing.  Freezing super-cooled drizzle drops (SCDD) does this.  The upset is triggered by some change in configuration.  



Icing creates unique airfoil shapes with unique lift, drag, critical angles of attack and pitching characteristics.  Once ice accumulates you become a test pilot.  In icing conditions any vibration, buffet or change in handling serves as a warning that you are in serious trouble.  The problem may be irreversible.  It is not a good practice to fly in ice with flaps and gear extended.  the accumulation of weight and drag will adversely affect performance.



Icing is not always forecast accurately since it is based on relative humidity and temperature.  Anytime the OAT is at +5 C consider icing as possible.  This is especially true if you are descending out of even colder air and the cold aircraft surfaces may provide a welcome home for icing.  A standard lapse rate loses 2(C or 4(F for every thousand foot increase in altitude.  Knowing this basic and the airport altitude you can surmise the freezing level by subtracting 32( from the surface temperature given AWOS or ATIS , divide this difference by 4 and multiply the dividend by a thousand.  This must be added to the surface altitude to find the flight altitude of freezing level.

Dew Point

Dew - Formed when warmer air releases moisture to a colder surface.

Frozen dew is hard and ice-like. It is not caused by sublimation.



The primary weather enemy of the VFR pilot is visibility.  Visible moisture reduces visibility.  Moisture becomes visible at the dew point.  this is the point at which moisture in the atmosphere condenses and becomes visible. This is very important near bodies of water.  Once formed only warming or frontal passage can change temperature/dew point spread.



When the spread between the dew point and temperature gets within ten degrees you should pay close attention to its direction and speed of change.  This change can be quite rapid.  Within four degrees visible moisture can appear because particles in the air give the moisture something to cling to.  A fast cold front, even if weak, can lower the temperature to near the dew point and eliminate the VFR sky.  This can happen quite rapidly on cool summer evenings in California but is most certainly to happen in the early morning.



The temperature determines the amount of moisture required to saturate the air.  Warm air will hold more moisture than cold air.  Saturation occurs at a given temperature when the same amounts of moisture are condensing as are evaporating.  This is the dew point.  It is recorded as a temperature only as a convenience.   



The dewpoint formula can be used as follows.

	Fahrenheit temperature minus dewpoint divided by 4.4.  

	Change result to thousands.

Finding cloud altitude

If you know the temperature-dewpoint spread in degrees, it can be divided by 4.5(.  The dividend in thousands is the AGL base level of the clouds and the end of turbulence if there are no clouds.



If the temperature/dew point difference is 44 degrees clouds are likely to form at 10,000 feet.  When dew point temperatures reach 50( you have reached conditionally instability where the suspended water contains enough heat potential to cause thunderstorms.  When the dew point temperatures reach 30( you have sufficient water to cause clouds.

Haze

Haze can be a serious problem where spatial disorientation can follow lack of situational awareness.  You can out-fly your visibility and checkpoints.   

Haze is caused when the air contains relatively high amounts of water vapor and dust particles to the point that visibility is diminished.  An airport at less than five miles may be reported by you to be up to fifteen miles away because it is so hard to see.  You can see down but the slant range visibility is an illusion and deceptive.  The position of the sun low on the horizon either morning or evening that requires you to look into it, is particularly hazardous.  In this case my recommendation is to over fly the airport and come in with the sun behind you.  The difference in visibility is dramatic.

Drizzle

Droplet size separates rain from drizzle.   Drizzle has closely spaced droplet size of less than two-hundredths of an inch. (200 to 500 micrometer diameter.) Individual droplets seem to float and will not disturb a smooth water surface.  Rain drops are greater, four hundredths of an inch, than drizzle droplets and will cause ripples and splashes in still water.  Smaller liquid drops are called cloud droplets.



Freezing rain and drizzle  difference is droplet size.  Drizzle is less

that 500 microns (millionths of a meter), rain is more than 500 microns. 

Freezing rain is a hazard where it is too warm for snow but cold enough at least part of the time for droplets to freeze on contact with a cold surface.  

Snow

White out conditions can occur without warning.  Visually similar to ground (radiation) fog.  The snow being blown from the surface rises a few feet above the surface and cuts off visual reference.  Wet snow indicates that colder temperatures exist above. 



The amount of moisture in snow is the major variable as a cause of aircraft icing.  Do not rely on visibility as an indicator since a fluffy snowflake will reduce visibility up to ten times the reduction caused by a small dense flake while they both can contain the same amount of water and icing potential.  Good visibility in snow conditions cannot be used as an icing indicator.  Don’t fly into a snow shower that you cannot see through.  Clouds the produce snow usually contain ice.

Ceiling

Figured from ground level so MSL heights will vary with altitude of airport.  Ceiling report requires qualified observer.  Ceiling exist when cover is reported as broken or overcast.  Any thin or partial qualification will not give a ceiling.  A weather service ceiling is the height above the surface of the base of the lowest layer of clouds or obscuring phenomena that hide more than half of the sky.  Reported as broken or overcast.  ATC must turn on the beacon, daytime, when the ceiling is below 1000' or the visibility is less than three miles.



A ceiling is the vertical visibility into the surface based obscuration that hides all of the sky.   Any ceiling reported by a ground observer is above ground level.  Ceilometers are useable below 12,000'.  Cloud height can be estimated by ATC being able to note when Mode-C altitude reading is correlated with aircraft disappearing into the clouds.  	



VFR flying: If reported ceilings are not 1000' above the highest obstruction within five miles of your track, don't fly.  Don't fly if weather is not improving.

Clouds ;by altitude

(Classified by World Meteorological Organization)

		By Altitude:(the top of a given cloud is determined by where the air stops

		rising. Super cool drops are at the top of clouds)

      High				

	Middle			

	Low

Clouds by form

	There are numerous combinations with prefixes and suffixes to identify clouds by form:

Cirrus - feathery or wispy ice crystals above 20,000

Alto   - Mid-range at 6,500 to 20,000

Cumulus - Heaped up, puffy cotton balls

Cumulonimbus (CBs)

Is the mature thunderstorm with heavy rain, turbulence, lightning 	    and hail. The gust front of a CB is the strongest and most 		    dangerous when it descends to the ground and precedes the arrival 	    of the thunderstorm by several miles.

Cumulonimbus mammatus

Huge bumps below a thunderstorm.  Area of extreme turbulence 			below.

Towering Cumulus

Stratus - flat, layered

Stratus types (rising air less than one inch per second)

Cirrostratus...form at high altitudes as warm front arriving

Altostratus ...mid altitude as warm front nears

Low altitude stratus to 6500

Stratocumulus cumulogenitus...after cold front, patchy

   smooth above over wide area

Stratocumulus

...form from lifted moisture, overcast, rain, snow, and ice.  			These are CB wantabes.  If sufficient moisture and uplift are 		available they become CBs.  First appear in forenoon and may 		continue to grow if conditions allow.  Not likely to mature if 		first appear in late P.M.  You can't outclimb a growing cumulus 		even at night. Don't go VFR unless sure of conditions.

Stratus fractus...warm and stationary fronts, scud 

Nimbo stratus...rain producer

Nimbus 

Rain clouds of gray and dark gray.  Rain will reduce visibility 		and rain from higher clouds will cause lower clouds to form.  		It takes 4000' of clouds to give rain.

Cumulonimbus

   Known as the thunderstorm cloud, its symbol or abbreviation is Cb.          	Rising air may reach 14 inches per second.

Lenticular

In mountainous regions this almond or lens-shaped cloud 			indicates the possibility of severe turbulence on the leeward 		(downwind) side of the mountain.

Embedded Thunderstorms

Cumulonimbus clouds obscured by massive cloud layers.  Embedded 		thunderstorms are associated with warm and stationary fronts 		but may occur in a slow-moving, shallow cold front.

Anvil

This horizontal cloud shape points in the direction of storm 		movement.

Special clouds

Dew Point Clouds-

Water vapor that condenses may form dew on a colder surface but in nature it causes clouds and fog.  Any partially saturated air that is cooled will condense to form an initial haze if there are nuclei particles available in the atmosphere to trigger the process.



Cap cloud-

The cap cloud is at the top of the ridge making the wave and may extend several thousands of feet upward.  It contains significant moisture and will cause a rapid accumulation of ice.  They have been known as Foehnwall clouds or a mountain cap.  The further down the lee side of the mountain the stronger the wind.



Rotor cloud-

The rotor cloud is located downwind from the ridge but at ridge height.  The rotor cloud can usually be seen.  The rotor cloud is a sideways tornado forming upwind and dying downwind.  



Lenticular cloud-

Distinctive laminar shapes that form at the apex of wave forms.  Do not attempt to hold altitude, go for the ride.

Fog types

Fog is a cloud on the ground.  A low-down cloud. Fog forms when the air can't hold the moisture it contains and lets it condense.  The temperature at which the moisture condenses is called the dew point.  The more moisture the higher will be the dew point or the required temperature to make that moisture visible.  



Prediction of fog is difficult both by the forecaster and the pilot.  Recognizing the fog potential is important for planning departure and arrivals.  As temperature and dew-point come closer the air becomes saturated and will hold no more water vapor.  A decrease in temperature of and increase in water vapor causes condensation and fog.  Dense fog occurs when the spread is zero.  Condensation nuclei can cause fog to form when the spread is several degrees but the fog will not be considered dense.  More than one process may be in effect and can cause very rapid development of fog conditions.



In Northern California it is not unusual to have clear weather in the twilight before dawn with a fog forming at sunrise.  The fog will become thicker as the sun evaporates the surface moisture.  As the sun rises it will repeatedly cut through and thin the fog only to again evaporate the surface moisture and make more fog.  The cycle may continue all day with a possibility of weather remaining below VFR minimums.   As the sun declines in the afternoon there is a chance for slight improvement due to a decrease in the evaporative power of the sun. 

 

Radiation fog

(Ground fog-tule fog-valley fog, etc.)

Radiation cooling occurs when temperature is lowered on clear nights when earth's heat and moisture meets colder air with cooling down to dew point.  The required heat transfer occurs when the warmer earth radiates heat into the cooler air.  Clouds act as a warm blanket that absorbs heat only to reflect it back towards earth.  This prevents fog from forming.  Radiation fog is most common during the winter high pressure periods when the nights are long.  Fog will not form if the temperatures are below 28-degrees Fahrenheit.  At -20F ice fog will form.  Below 0-degrees Fahrenheit

radiation fog can form over ice or snow cover.



Fog starts at the ground and can exist from a few feet (ground fog) where it is possible to walk or drive without seeing the ground.  Radiation fog can rise to several hundred feet in the air.  If there is no wind, it can persist for several days.  It may be possible to fly over radiation fog and see vertically to an airport and still not have the slant visual range needed for airport operations.  In the central valley it is called valley fog.  Surface heat and no wind.  The fog will be thicker in the valleys because the cold, heavier air flows downward.  If winds exist the radiation fog is less likely to form due to mixing.  The fog will finally dissipate when the earth and air are both warmed by the sun.  This process proceeds from the outer edges to the center of thickness. 

 

Frontal Fog

Rapidly falling pressure may cause fog to form to the center of the low pressure center.  Warm rain on colder air may cause evaporation in multiple layers of stratus and fog. 



Avection fog

(marine layer fog)

Cold water or land overridden by warm moist air blowing along the Pacific Coast during summer.  The required heat transfer is made by the horizontal movement of the air.  Air is cooled by contact with cold arctic water from Alaska.  Additional cooling occurs when the air rises.  Moderate on-shore winds move the air that will form a fog layer one to 3000 feet above the surface.  Fog will move inland and back out to sea  as the interior land valleys become hotter and cooler.  Fog layer moves progressively inland over several nights while retreating partially during the day.  An eight day cycle, four days with increasingly dense fog followed by four days of retreat, is typical for the Bay Area but the cycle may be changed by weather fronts.

  

Upslope fog

Warm moist air blown up sides of mountains.  Air cools as it rises.  Humid air as it rises will cool to dew point and form upslope fog. Often occurs in conjunction with avection fog before it acquires depth needed to cross a mountain.  Down-slope winds prevent the formation of fog due to warming of the air.



Ice fog

This fog is composed of ice crystals.  Common in Arctic or very cold regions.  Forms below -20 degrees Fahrenheit.  Forms in populated areas using hydrocarbon nuclei from heat sources.  Will form rapidly at very low altitudes only a few feet thick.



Steam fog 

(sea smoke)

Similar to hot kettle of water.  Warm water causing rising vapor into colder air.  Makes Grand Banks off New England very foggy near the water.  Early winter conditions in the Arctic or Great Lakes.



Precipitation Fog

(frontal fog)

This fog forms when rain falls into colder air.  It is typical of certain warm front conditions when the warm front overrides colder air.    

Mesoscale Weather

Small area weather conditions.  These are the weather that occurs in the valleys around the bay area.  Each small area will have weather distinct from its neighbors.  Very typical of California coastal regions.

California Weather

Ocean water temperatures determine the weather world wide but most dramatically in California.  Warm water in the Gulf Stream (El Nino) causes precipitation; cold water in the stream causes stratus and fog.  California fog requires an cold water and warmer air.  This creates an inversion where the colder air is below the warmer.  The temperature increases (instead of usual decrease) with altitude.  



The cold Alaska Current follows the western coast of North America and  

increases the moisture content of the air in the Pacific High while decreasing its temperature.  FOG.  This California fog would stay along the coast were it not for the warm interior valleys and desert of California.  The heat from the deserts causes low pressures from rising air which is very attractive to the air in the Pacific High.  the result is a strong surface pressure gradient creating winds that carry the fog ashore.  



Bay area fog, were it not for occasional fronts, follows a four day cycle of the fog coming on shore, into the bay, into the east bay and into the Central Valley.  Mesoscale weather will exist in the various areas both during the four day fog arrival and during the four day retreat back to sea.

California Surface Winds

42% of accidents, mostly while landing, are caused by wind factors.  Most non-winter California winds are near calm until the sun factor kicks in about 10 a.m.  The winds continue until near sunset as which time as the sun factor decreases so do the winds.  These diurnal (daily) conditions are most constant in the coastal areas.



California valley winds are like other diurnal winds.  They are controlled by the cycles of heating and cooling via the sun.  Winds go up the valley during heating and down the valley during cooling.  Knowing this you can make an early decision as to probable runways.  In most accidents, poor judgment, not strong winds, seems to be the biggest problem. Majority of wind shear accidents occur in Colorado and California.  Thunder storm need not be close by.  Even distant storms or virga can cause potential danger.
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