CHAPTER 9

WEATHER ELEMENTS

INTRODUCTION

Thus far you have learned how to encode a Terminal Airdrome Forecast (TAF).  Now it's time to learn how to forecast the different elements that make up a TAF.  These elements include surface winds, temperatures, clouds, precipitation and pressure.  First we will consider pressure, which is important for preparing the forecast and for the aviation customer.

INFORMATION

PRESSURE COMPUTATION

Forecasting/Calculating Sea Level Pressure (SLP)

The isobars found on surface weather charts are lines of equal sea-level pressure.  During this unit we will utilize the nested grid model (NGM) as it is the easiest way to view expected pressure changes.  Remember, you must interpolate between the lines.  In the case of a power or communication outage where data/charts are unavailable you must be able to draw prognosis charts as you did in Forecast Lab, in order to view expected pressure changes.  Simply prog the upper/surface systems and associated isobars into the region of interest (consider speed of movement and intensity).  Be sure to account for diurnal effects, available insolation, and the greenhouse effect.  Remember, isobaric curvature is more pronounced at land and sea boundaries than the observed synoptic pattern might suggest.  After these considerations you will be able to interpolate the pressure from progged isobars you have drawn.

Forecasting Altimeter(ALSTG)

Forecasting the altimeter for your station is a six-step process.  You must first obtain the current SLP and ALSTG.  Forecast your SLP as explained above.  You can now determine the difference between current and forecast SLP.  Multiply the change in SLP by .03 (1 mb = .03 inches), then add or subtract this value to your current ALSTG.  The last step is to add or subtract the diurnal change.

Example:

ALSTG = 29.92    
FCST SLP = 1007

SLP = 1013 

DIURNAL = +.03

find difference    1013 - 1007 = 6 mb (fall) 

multiply by .03    6 x .03 = .18 

add/subtract change    29.92 - .18 = 29.74

add/subtract diurnal    29.74 + .03 = 29.77 

Calculating “D” Value

The difference between ICAO standard height values of pressure surfaces versus observed heights (as viewed on a plotted skew-T) is the "D" value.  Pilots to adjust their altimeter setting use D value.  Even when SLP does not change along a route of flight, incorrect altitude indications may result from temperature changes.  If the air is colder than the standard atmosphere, the aircraft will be lower than the altimeter indicates; if the air is warmer, the aircraft will be higher than the altimeter indicates.  It is important that crew members understand these errors so that when flying in cold weather and mountainous regions at minimum enroute altitudes, they do not have difficulty maintaining terrain clearance.  This calculation is done by obtaining the actual height of a desired level and the standard height of that level from a Skew-T, then subtract the actual height from the standard height and multiply by 3.3 (converts from meters to feet).  See equation below.

"D" value = (actual ht - std ht) x 3.3

Pressure Altitude

Pressure Altitude (PA) is the altitude, which corresponds to a given standard atmospheric pressure. If an altimeter is set to standard surface pressure (29.92 INS), it indicates pressure altitude, not true altitude.  PA is only used during take-off and landings.  See equation and example below.

PA = FE + [(29.92 - ALSTG) x 1000]

PA = Pressure Altitude

FE = Field Elevation

ALSTG:  Current (Forecast) Altimeter Setting

Example:

FE = 590

ALSTG = 29.85

PA = 590 + [(29.92 - 29.85) x 1,000]

      = 590 + [.07 x 1,000]

      = 590 + 70

      = 660

Note:   Work inside the parenthesis first in solving any equation.

Density Altitude(DA)

Density Altitude is the altitude in the standard atmosphere characterized by known air density (similar to PA, but also takes into account temperature which directly relates to density) in the existing atmosphere.  Density altitude relates to the speed of an aircraft.  The effects of air density on the pilot tube are such that Indicated Airspeed (IAS) and true airspeed are equal only when DA is zero.  True airspeed exceeds IAS as DA increases.  DA also relates to the performance differences of an aircraft from one altitude to another.  We understand that warmer temperatures indicate a less dense atmosphere so if you take into account the pressure of a station at 6,180 feet is equal to the standard pressure at that height but the temperature is 101oF, then an aircraft would perform as if the altitude were 10,000 ft, thus requiring a higher take-off speed to generate the same amount of lift.  The higher take-off speed necessitates a longer ground roll.  Equation:

DA = PA + [120(actual temp - standard temp)]

DA = Density Altitude

PA = Pressure Altitude

120 = constant

(Note:  Obtain standard temp from tables for your station)

Example:

PA = +660     T = +18   Std T = 15

DA = 660 + [120 x (18 - 15)]

       = 660 + (120 x 3)

       = 660 + 360

       = +1,020

To obtain a standard temperature, if no tables are available you must take the following steps:

1.  FE x 2 divided by 1,000 = x

2.  Subtract 15 (15( C is the standard temp for sea level) from x

3.  Change sign

Diurnal Changes

Diurnal changes occur primarily due to the radiational cycle, but will vary due to latitude, season etc.  The daily maximums average around 1000/2200 hrs and daily minimums average at 0400/1600 hrs. You must consider diurnal changes whenever you forecast pressure.
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Figure 9-1.  Diurnal Cycle

REVIEW EXERCISE 9-1

Using the provided information, compute pressure altitude for questions 1-4.

EQUATION:  PA = FIELD ELEVATION + [(29.92 - ALSTG) x 1,000]  

Note: ALSTG may be current or forecast

1. 
Field Elevation:  310 ft


Current Altimeter: 29.48    PA = __________________

2. 
Field Elevation:  1,059 ft


Current Altimeter:  30.24    PA = __________________

3. 
Field Elevation:  10 ft


Current Altimeter:  29.85    PA = __________________

4. 
Field Elevation:  678 ft


Current Altimeter:  29.72    PA = __________________

Using the provided information, compute density altitudes for questions 5-8.

EQUATION:  DA = PA + [120 x (ACTUAL TEMP - STANDARD TEMP)]

STANDARD TEMP = -[(FE x 2/1,000)-15]

5. 
Field Elevation:  110 ft



Altimeter:  30.15



Forecast Temperature:  21oC



Standard Temperature:  15oC   DA = _________________

6. 
Field Elevation:  1,250 ft



Altimeter:  29.82



Forecast Temperature:  5oC



Standard Temperature:  12oC   DA = _________________

7. 
Field Elevation:  313 ft



Altimeter:  30.38



Forecast Temperature:  -2oC



Standard Temperature:  4oC   DA = _________________

8. 
Field Elevation:  3,576 ft



Altimeter:  29.62



Forecast Temperature:  -15oC



Standard Temperature:  missing   DA = _________________

Using the provided information, compute the "D" value for questions 9-12.

EQUATION:  D-VALUE = [(TRUE/ACTUAL HGT - STANDARD HGT) x 3.3]

9.
500 mb Actual Height: 5,800 m


500 mb Standard Height:  5,570 m   D-Value = ____________

10.
300 mb Actual Height: 8,910 m


300 mb Standard Height:  9,174 m   D-Value = ____________

11.
200 mb Actual Height:  12,500 m


200 mb Standard Height:  11,784 m   D-Value = ____________

12.
500 mb Actual Height:  5,100 m


500 mb Standard Height:  5,570 m   D-Value = ____________
Using the provided data, forecast the altimeter setting for questions 13-15.

EQUATION:  FCST ALSTG = [(FCST SLP - CUR SLP) x .03] + CUR ALSTG + (Diurnal)

13. 
Current Altimeter:  29.95 ins   Current SLP:  1014.5 mb



Forecast SLP:  1010.2 mb    Diurnal Changes:  +.04 ins



Forecast Altimeter = _______________

14.
Current Altimeter:  29.87 ins   Current SLP:  1011.5 mb



Forecast SLP:  1010.2 mb    Diurnal Changes:  -.06 ins



Forecast Altimeter = _______________

15.
Current Altimeter:  30.15 ins   Current SLP:  1018.3 mb



Forecast SLP:  1015.5 mb    Diurnal Changes:  +.04 ins



Forecast Altimeter = _______________

 SURFACE WIND FORECASTING

Direction

Wind direction is determined by the orientation of the surface isobars (Buys-Ballot's law states that in the Northern Hemisphere with the wind at your back, low pressure is to your left).  Surface winds can back as much as 40( compared to the low-level geostrophic wind (second standard level).  This reduction is due to the effects of friction as the geostrophic flow of air is impeded by the extent of the surface roughness.  Since Coriolis force directly relates to wind speed, a reduction in speed results in a reduction in Coriolis.  Thus a disruption of the geostrophic balance (CeF, CoF, PGF) occurs.  When a new balance, now including frictional effects, is achieved, air flows at an angle across the isobars towards lower pressure (changes range from 15-30().  The amount of friction is determined by three factors, stability, terrain, and wind speed.  As friction decreases with height above the surface, winds tend to flow parallel to the contours.


Stability.  The more unstable the atmosphere, the greater the vertical extent of the friction and the greater the effect friction exerts in the horizontal.


Terrain.  The rougher the terrain, the greater the effect.  Friction is much less over water surfaces.


Wind speed.  Stronger winds are influenced more by friction than weaker winds.

Speed

The pressure gradient force determines speed.  Isobaric spacing is a representation of the surface pressure gradient and is directly related to wind speed (i.e. gradient tightens, winds increase).  Wind speed is approximately 65 to 85% of the low-level geostrophic wind speed.  Vertical and horizontal temperature contrasts are directly related to wind speed.  This explains why stronger frontal systems produce significant wind speeds.  Diurnal variations and local effects must be considered when issuing a surface wind forecast.  At max heating, vertical mixing is strongest, thus allowing the stronger winds aloft to be carried down to the surface.  Conversely, at max cooling, very little vertical mixing prevents the stronger winds aloft from reaching the surface.  A careful study of local terrain will familiarize you with channeling and other local effects, which affect wind speeds.

Tertiary Circulation

Local (Tertiary) Circulation requires weak pressure gradients with strong local thermal contrasts.  Some different types are:

Drainage Wind.  Occurs at night due to strong cooling with a weak pressure gradient.  High terrain cools faster than lower terrain, the denser air "drains" into lower areas, replacing warmer air.  Shallow sloping terrain, or small hills (as small as 200 ft in elevation) may produce this weak (5 knots or less) wind.

Mountain Breeze.  A stronger case of drainage winds.  Uses the same process as a drainage wind.  But this occurs over more steeply sloped terrain, affecting a deeper layer.

Fall/Glacier Wind.  This is caused by differential heating associated with snow/ice covered mountains or a glacier.  The temperature over the snowfield/glacier is 25 to 50(F colder than the surrounding air.  Denser air rapidly descends the mountain/glacier, decreasing surface temperatures by 20( or more.  This wind is NOT nocturnally dependent, it may occur at any time.  Some favored geographic regions include the Antarctic, Greenland, and Alaskan Panhandle coasts.

Valley Breeze.  It is the opposite of a mountain breeze.  This is a daytime phenomenon, with mountainsides heating faster than the surrounding valley or canyon.  Wind moves up the side of the mountain, with an average speed of 10 to 15 knots.  More pronounced heating will produce stronger winds.

 Sea Breeze.  Wind blows from the sea to the land.  This occurs when the land heats up faster than the water.  The marine layer invades the land, sometimes creating low-level convergence lines (sea breeze front).  This may be significant in cloud formation.  The sea breeze lasts up to 2-3 hours after sunset (achieving maximum intensity at maximum heating).

 Land Breeze.  Wind blows from the land to the sea.  Occurs during the night when the land cools faster than the water and it is normally weaker than a sea breeze ((10 knots). 

Surface Wind Speed/Direction Forecasting Techniques

Note:  The following examples use six-degree upstream criteria.  "Rules-of-Thumb" will vary by region, depending largely on geography.  Refer to the geostrophic wind scale and station/area forecasting rules for amount of upstream "look".  Wind gusts are determined using the Skew-T.  Only be concerned with the lowest 5,000 feet, all winds above 5,000 feet can only reach the surface through convective processes.

 No Inversion Present.  Measure 6( latitude upstream (toward the feature causing your winds), to obtain the difference in sea level pressure (measurements are done across the isobars).  Convert directly to knots (i.e. a 15-mb change = 15 knots).  You can then determine wind direction by the orientation of the isobars.

 Inversion Present, Highest Winds Above Inversion.  Measure 6( latitude upstream and obtain the difference in SLP.  Prior to the inversion breaking, the mean speed is equal to 40-70% of the difference in SLP with NO gusts.  

After the inversion breaks:

Mean speed = 100% of difference in SLP

Mean gust = 80% of strongest winds 5,000 ft and below

Peak Gust = 100% of strongest winds 5,000 ft and below

 Inversion Present, Highest Winds Below Inversion.  Mean speed = Measure 6( latitude upstream, find the difference in SLP, and convert directly to knots.

Mean gust = 80% of strongest wind below inversion

Peak gust = 100% of strongest wind below inversion

When forecasting frontal winds, continuity and extrapolation are the best techniques.  You must also consider frontogenesis (increase wind speeds) and frontolysis (decrease wind speeds).

 REVIEW EXERCISE 9-2

1. 
Denver, Colorado is reporting a wind of 240/10.  At the same time western Kansas is reporting a wind of 250/20.  The pressure gradient is the same at both locations.  What is the most logical reason for the difference?

2. 
At 0300L, Biloxi was reporting a wind of 240/15.  Assuming NO change in the air mass, what is a reasonable wind forecast for 1200L?

NOTE:  Use the following diagram to answer questions 3 and 4.
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3. 
The forecast wind direction for City A should be ____________.

4. 
Forecast winds for City A for the two indicated time frames.


Before the inversion breaks
After the inversion breaks

Mean Speed




Mean Gust




Peak Gust



5. 
It is 0300L and a radiational inversion is present, which method would you use for forecasting winds until dawn?

6. 
Friction causes the low-level geostrophic wind flow to ________ and _________.  The surface wind speed will be _____ to _____ percent of the low level geostrophic flow.

7.
It is 1500L and you expect a high-pressure center to be located 200 nm north of your station with an extremely strong pressure gradient.  A north-south mountain range is located 25 nm  east of your station.  What direction would you forecast your surface winds to be from?

NOTE:  Use the following diagram for question 8.

8.
Assuming a weak pressure gradient, with NO air mass change, what is a reasonable wind forecast for City A at:


a.
0300L?


b.
1600L?

TEMPERATURE FORECASTING

Temperature is the greatest single element influence on weather.  Things that induce temperature change must be considered when arriving at a temperature forecast. 

Insolation/Radiation

You must first consider latitude and the seasonal relationship of the earth to the sun.  Looking at the diurnal cycle we can see that minimum temperatures are usually recorded near dawn.  Conversely, maximum temperatures are usually seen 1-3 hours after local noon (sun at zenith), due to the earth's conversion of solar radiation to terrestrial radiation.  The earth will continue to radiate long wave radiation (sensible heat) after short wave (solar) radiation has peaked.

Advection  


Advection is most significant when associated with frontal movements.  The temperature gradient of a front must be analyzed and forecast with precision.  Due to the fact that temperature contrast is so significant to weather changes, it is obvious that frontal systems must be analyzed with precision.

Cloud Cover


During the day, cloud cover decreases available insolation.  At night, cloud cover re-radiates terrestrial heat, holding temperatures higher than on a clear night (greenhouse effect).

Mixing and Lapse Rates

The vertical transport of heat hinges on wind speed.  Strong winds permit less low-level heating than weaker winds since the heat energy gained or lost is distributed through a deeper layer.  Stable low-level lapse rates (low level) usually produce higher surface temperatures than unstable rates due to the "capping" of available heat.

Human Influences

Larger cities produce a complex effect on their surrounding atmospheres.  In addition to being sources of aerosols, gases, heat, and water vapor, cities modify the radiative properties of the earth's surface and the terrain roughness.  Urban areas produce higher temperatures than surrounding surfaces ("Heat Island" effect).  Industrial emissions increase hygroscopic nuclei, and water vapor thus increasing the probability of the "Greenhouse Effect".

Maximum Temperature Techniques

 Climatology - Diurnal Temperature Curve.  This method utilizes the diurnal temperature for the current month.  Enter the current temperature and then read the forecast maximum.

 Advection of Upstream Temperatures.  This is a good method for temperature forecasting after frontal passage.  Your first step is to look for an upstream station and obtain its maximum temperature (ensure station is behind the front).  Next, modify at the dry adiabatic lapse rate (5.3Fo/1,000 ft of elevation difference).

Example:

City A 









City B
Elev: 1500     







Elev: 500

Temp = 45oF     







T = ?

(1500 - 500) = 1000 ft @ 5.3oF = 5.3oF                                         45 + 5.3 = 50.3oF

 Skew-T Method.  Always use the morning sounding.  If you are forecasting dry conditions (CLR-SCT), find the 850-mb temperature and extend a line down dry adiabatically to the surface and read the isotherm.  If you are forecasting moist conditions (BKN-OVC, precipitation), find the 850-mb temperature and extend a line down moist adiabatically to the surface and read the isotherm.

Minimum Temperature Techniques

 Climatology - Diurnal Temperature Curve.  This method is the same as for forecasting maximum temperatures

 Skew-T Method.  Always use the afternoon sounding.  If you are forecasting dry conditions (CLR-SCT), find the 850-mb dew point and extend a line down moist adiabatically to the surface and read the isotherm.  DO NOT use this method when forecasting moist conditions (BKN-OVC, precipitation).

Dew Point Method.  Use the surface dew-point temperature at the time of maximum heating.  That should be your minimum forecast temperature.  Note:  The above temperature forecasting methods are only guides or tools.  Sometimes they will apply and sometimes they will not, source region and time of year, and forecast studies will enable you to determine this.  In addition to these tools, the synoptic pattern, cloud cover, and surface winds must be taken into account.

Specialized Temperature Forecasts

Various customers may have a need for specialized temperature forecasts.  You must be prepared to provide such forecasts as runway vs. free air temperature. Also, maintenance personnel must take into account the fact that concrete heats and cools faster than most other surfaces.  Other tailored forecast products include (wind chill, heat stress, survival times, degree days, etc.)

Cold Waves

The definition of a cold wave is a rapid fall in temperature within 24 hours to a prescribed minimum depending on the region and time of year.  General synoptic features are a long wave trough east of you with a long wave ridge west of you.

 Synoptic Features.  A ridge of high pressure over the western states and deepening long-wave trough over the central states.  Colder than normal cP or Arctic air (cA) invading west central Canada, moves southward by strong NNW winds aloft.  An eastward moving low from the Continental Divide triggers the cold wave. If a second cold outbreak occurs, the second one moves faster and further south.  Most cold waves persist 48-72 hours (temperatures will begin to rise with air mass modifications).  It could be longer if the long-wave ridge is quasi-stationary.

Heat Wave

The definition of a heat wave is a period of abnormally hot, humid weather lasting for several days or weeks.  General synoptic conditions are a ridge east of your station with a long wave trough west.

 Synoptic Features.  A long-wave ridge is over or just off the east coast and prevailing westerlies are located in Canada. Poorly organized low pressure is over the western plains or Rockies, and above normal high pressure is in the eastern US.  Once this pattern has been established, it will last until the long-wave ridge moves or breaks down.

 REVIEW EXERCISE 9-3

1. 
When forecasting temperatures (maximum or minimum), what are the things that must be considered?

2.
 Complete the following exercises (using the advection of upstream temperature method).


  
UPSTREAM STATION   


YOUR STATION

a. 
Temp:  30oF    


 
Temp: _________  



Elevation:  1,200 ft    


Elevation:  600 ft


b.
Temp:  80oF     



Temp: _________  



Elevation:  300 ft    


Elevation:  1,900 ft


c.
Temp: -3oF     



Temp: _________  



Elevation:  1,200 ft    


Elevation:  600 ft

3. 
What considerations must you apply AFTER using the advection method of forecasting temperatures?

Use the following information for questions 4 and 5.
1200L SKC 7 75/53

1400L SCT030 7 85/56

1500L SCT030 SCT200 7 89/62

1800L SCT030 SCT200 7 84/62

4. 
What would you forecast for an overnight low?

5. 
If, by 2200L, you expected the following sky condition:  SCT030 BKN080 OVC200; what would you forecast for a low?

6. 
At 0800L, the temperature was 15oF.  Diurnal tables indicate you should receive 18( F of warming during the day.  What would you forecast for a maximum temperature? ________ Assuming winds were gusting to 35 knots throughout the day, what would you forecast?  

7. 
Define a cold wave and the synoptic situation needed.

8. 
Define a heat wave and the synoptic situation needed.

CLOUD FORECASTING

Cloud Formation

Atmospheric Moisture.  You must analyze for dew-point depressions (use RAOB in conjunction with centrally prepared charts).  No amount of lift or cooling will produce clouds or precipitation if sufficient moisture is not present.  Know the climatology for your region of interest and the trajectory air masses travel prior to reaching your station in order that modifications may be taken into account (e.g. an air mass coming from the Gulf of Alaska would be moist and cool, however, if this air mass is forced to cross the Rocky mountains prior to reaching your station you can assume a good portion of the moisture would be lost due to adiabatic drying).  Keep in mind that a majority of changes will not always be this clear cut.

Temperature and stability.  Cooling processes are principle condensation mechanisms.  Nonadiabatic cooling processes (radiation, conduction) result mostly in light fogs, light drizzle and dew/frost.  Adiabatic cooling is the most effective means of cooling air moisture to condensation.

Lifting mechanisms.  Orographic lift is the most effective and intense of cooling processes.  Horizontal motion is converted to vertical motion proportional to the slope of the terrain.  Even relatively flat terrain may have slopes of one mile vertical to two hundred horizontal.  Forecasters must have a thorough grasp of geographic details over the forecast region.  The steeper the frontal slope the more intense the cooling.

When convergence occurs through a sufficiently deep layer bounded by the surface, convection will occur.  Convergence is found at the center and front semi-circle (with respect to movement of a surface low) and at the axis of and downstream from nearly all fronts and surface troughs.  Sufficiently deep low-level convergence alone will produce clouds and precipitation, but coupling with upper level divergence is required to produce significant precipitation.

Cloud Forecasting

As a forecaster you predict cloud formation due to air mass characteristics, terrain effects (trajectory), and moisture sources.  You must determine if your air mass is warm, cold, moist or dry.  Forecast air mass modifications based on type of terrain (desert, mountainous, an ocean, or other large body covered with vegetation or snow) that the air mass moves over.  You also predict cloud dissipation, advection, and intensity (coverage and/or thickness) changes.  Many factors can lead to cloud dissipation, but a decrease in moisture is the most efficient means.  Specific cloud dissipation depends on stability, temperature advection/diurnal changes etc.  One clouds doom can lead to another’s birth (e.g. a morning stratus cloud deck will dissipate with increasing surface heating, at the same time this heating can help in the formation of cumulus clouds).  It is not uncommon for one cloud 

type to change into another because of stability, advection or diurnal changes.  Clouds are reported above ground level (AGL) and tend to advect at the level they form.  It is important to know, especially when dealing with low clouds, that a deck at a given height above a station is going to be lower when moving over a station with a higher station elevation.  Extrapolation is the most effective short-range technique.

Stratiform Types

Stratus.  Generally a stable atmosphere.  Cooling must occur in the moist layer.  Fog and stratus are typical of warm air masses.  Stratus bases are usually less than 2,000 ft (identify bases where the RH is greater than or equal to 70% on RAOB).  Thickness of stratus is approximately 1,000-4,000 ft thick.  Tops of the status layer are found where RH is less than 70%.

Some synoptic conditions favorable for development include:

· Areas of weak convergence and high moisture content

· Warm moist air over a cooler surface with slight upward vertical motion

· Areas of slight cyclonic turning

· Gradual upslope conditions

· Warm frontal zones

· Advection fog being lifted

Note:  The above are most common with extensive southerly flow in the eastern and southern U.S. with slight cyclonic and straight isobaric flow.  Scattered stratus is possible with anticyclonically curved isobars.

In forecasting formation and dissipation consider:

· The gulf stratus studies (see AFMAN 15-156)

· Thicker layers inhibit surface heating, thus maintaining temp/dew-point relationship

· Local studies of terrain anomalies

· Forecasting heating/cooling effects

Another method for forecasting dissipation involves the Skew-T.  From the temperature at the base of the stratus layer, follow a dry adiabat to the surface and read the temperature.  This is the temperature required to begin dissipation.  Next follow a dry adiabat from the temperature at the top of the layer to the surface and read the temperature.  This is the temperature needed to dissipate the entire cloud.  On average 360 feet of cloud depth will dissipate for every hour of surface heating.

Nimbostratus.  For formation of nimbostratus (NS) you need a relatively stable atmosphere.  This is always forecast as an overcast deck, with the edges of the NS cloud shield usually altostratus (AS).  NS usually forms from thickening AS.  This cloud type is associated with moderate to heavy continuous precipitation.  The bases are found where the RH is equal to or greater than 70% in the low cloud range and tops are found where the RH is less than 70%, in the mid etage.  A common synoptic feature is a well-developed cyclone with a warm, quasi-stationary, or occluded front.  In forecasting this cloud type you must first forecast the synoptic feature causing the formation.  Then forecast the thickening/lowering based on moisture availability.  Remember, if sufficient mid-level instability develops, NS may become altocumulus (AC).

Stratocumulus.  Stratocumulus (SC) may form from the lifting of stratus or the spreading out of cumulus.  SC also forms as moisture is lifted through conditionally unstable air.  For formation of stratocumulus it may be a conditionally stable/unstable atmosphere.  Stratocumulus can form in a nearly saturated stable atmosphere.  The top of the moist layer cools due to the emission of terrestrial radiation, while the base warms due to absorption of surface terrestrial radiation.  Upward vertical motion forms in the moist layer and spreads out at the top where an inversion is usually present.  An excessive upward vertical motion can lead to the development of cumulus as the stable top of the layer is penetrated. Moisture distribution becomes more uniform throughout the cloud layer.  The bases are found where the RH is equal to or greater than 70% (approximately. 1,500 to 6,500 ft).  Tops are found where RH is less than 70%.  The average thickness is 1,000-4,000 ft.


Synoptic features include:

· An unstable low level with an inversion above

· Cold air advected over a warmer surface

· Leeside of large water bodies in winter

· SE quadrant of the sub-tropical ridge

Cirriform Types

The Gayikian method of forecasting cirriform clouds provides some excellent forecasting techniques.  Some general rules associated with cirriform clouds are:

· Normally found 300-500 nm ahead of a surface warm front

· True cirrus forms at temperatures near -35oC, the crystals then descend to an altitude where the temperature is -25oC to -35oC

· Frequently associated with CB anvils

· Found around well developed surface cyclones

· Vicinity of the polar front jet (generally on the north side)

· Frequently found in anti-cyclonic curvature above 400 mb

· When precipitation is falling, their is a 60% chance that cirrus is present above

· The probability of cirrus is best with W-SW upper-level flow

· The most extensive and thick cirrus is found within a few thousand feet of the tropopause

· The average depth of cirrus is 800 feet, but can be as much as 10,000 feet

· Cirrus in a forming difluent flow will dissipate

Convective Clouds

For convective type cloud development, you need an unstable atmosphere, sufficient moisture to support clouds, and a lapse rate that exceeds the moist adiabatic lapse rate. Overcast convective conditions are rare with the exceptions of: supercells and mesoscale convective complexes (MCCs).  Frequently, overcast convective clouds are accompanied by stratocumulus or nimbostratus.  Bases are found at the LCL when lifted mechanically (frontal or orographic) or the CCL when lifted by thermal means (surface heating).  Tops are found where RH is less than 70% (forecast the cloud tops as taught in Block V).

Cloud Dissipation Sequence with Fronts
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Low clouds begin to dissipate with passage of the 850-mb trough and completely dissipate with passage of the 700-mb short-wave trough.  Mid clouds begin to dissipate with passage of the 700-mb short wave and completely dissipate with passage of 500-mb short wave and 500-mb thermal troughs.  High clouds begin to dissipate with passage of the 500-mb short wave and completely dissipate with passage of the 500-mb thermal trough.  See figure 9-2 for frontal cloud dissipation.

Figure 9-2.  Cloud Dissipation
Seasonal Air Mass Clouds

This information is derived from climatology in the U.S. caused by surface heating, orographic lift, or onshore flow.


Summer:

· cP (source region) - scattered CU and SC

· mP (pacific coast) - stratiform low and mid clouds

· mP (east coast) - CU

· mT (pacific coast) - SC/ST/FG

· mT (east/gulf coast) - ST/FG/SC early morning becoming CU/TCU/CB in the afternoon

· cT - SCT CU


Winter:
· cP (source region) - few if any clouds

· cP (SE of large water bodies) - SC/CU

· mP (east coast) - ST/SC/FG

· mP (pacific coast) - CU

· mT - ST/SC

Precipitation Effects On Cloud Bases

With the onset of precipitation, cloud bases lower (at unsteady rates), because of the addition of moisture and evaporative cooling of the atmosphere.  During continuous rain, of sufficient duration, the ceiling will descend to or form below 2,000 ft and often to less than 800 ft.  This phenomenon occurs in staggered stages.  Showery precipitation must be extremely heavy to significantly lower cloud bases.  If it does occur, it rapidly drops below 2,000 ft.

Vorticity

An easy review:  If PVA is indicated and progged into your area - increase your cloud cover, with the inverse for NVA.  Don't forget all the other parameters necessary for cloud formation.

Table 9-1. Cloud/Moisture Relationship

Temperature/Dew-Point Spread
Relative Humidity
Cloud Amount

0-2(
90-100%
Overcast

2-3(
80-90%
Broken variable Scattered

3-4(
70-80%
Scattered

5(
66-70%
Few

>5(
<65(
Clear

The biggest problem you will face in cloud forecasting is local variations.  As always, become thoroughly familiar with your surrounding area.  Clouds often exist beneath cyclonically curved contours aloft, even when no surface system exists curved path.  Air that is flowing south in an anticyclonically or straight path will promote clear skies.

 REVIEW EXERCISE 9-4

1. 
Using the following diagram, how many hours will it take for the 500-mb clouds to begin to dissipate? ___________  Completely dissipate _____________?  (Use a 25-knot speed of movement)


2. 
List the conditions favorable for stratiform cloud formation.

3. 
Using the following information, determine the top of the stratiform cloud with bases at 1,000 ft.  (NOTE: Percentages are RH at that level)

1,000 ft = 70%     3,500 ft = 60%     8,000 ft = 60%

1,500 ft = 85%     4,000 ft = 65%     9,000 ft = 70%

2,000 ft = 80%     5,000 ft = 60%    10,000 ft = 75%

2,500 ft = 75%     6,000 ft = 55%    12,000 ft = 85%

3,000 ft = 65%     7,000 ft = 50%    14,000 ft = 65%

4. 
With the information in question 3, determine the tops of cumuliform clouds whose bases are located at 1,500 ft.

5.
True or False.  The thickness of stratus and stratocumulus cloud decks range from 1,000 to 6,500 feet.

6.
True or False.   Unstable low levels with an inversion above are favorable conditions for the formation of stratocumulus clouds

Match the items in Column A with the best response in Column B.  Each letter may be used once, more than once, or not at all.



  Column A       





 
 Column B

____  7.
Generally stable atmosphere, bases and tops where 

a.
Stratocumulus



RH = 70%, gradual upslope conditions












b.
Cumulus

____  8.
Relatively stable, bases and tops where


  
RH = 70%, warm fronts    




c.
Cirrus

 ____  9.
Conditionally stable/unstable, bases   



d. 
Stratus



and tops where RH = 70%, southeast portions



of subtropical ridges    





e. 
Nimbostratus

____  10.
Unstable, bases at CCL or LCL, rarely overcast

f. 
Cumulonimbus

____  11.
300-500 nm ahead of a warm front, CB anvils, jets

.  

 PRECIPITATION FORECASTING

Precipitation Types

Continuous Precipitation (Stratiform).  We need to consider the synoptic situations that cause continuous precipitation.  For example, warm moist air being orographically or mechanically lifted.  Its very common to see stratiform clouds ahead of a warm or stationary front, in an area of an upper-level troughing associated with PVA/UVM, or in the right rear/left front quadrant(s) of a jet max (only if in straight line flow).

Showery Precipitation (Cumuliform).  Vertical development is very important. Clouds need to be at least 8,000 to 10,000 feet thick with tops at -12 to -20( C or colder.  The cloud bases may be above freezing.

Rain.  Rain may occur with either the warm or cold rain process.  In the warm rain process, the entire cloud is above freezing.  The cold rain process includes clouds and precipitation occurring partially at temperatures below freezing.  Most precipitation in the mid-latitudes falls under the cold rain process.  The freezing level must be greater than 1,200 feet ((300 ft) AGL for rain. 

Drizzle.  Drizzle is always a warm rain process.  The cloud layer must be equal to or greater than 2,000 ft thick and must persist for several hours (allowing the droplets time to grow).  The cloud must have sufficient upward vertical motion to maintain itself.  Once drizzle begins, a moisture source must be available to sustain cloud formation.  Low level streamlines (assuming moisture is available) used to identify confluence is an excellent tool in forecasting.  A study showed that 90% of drizzle cases occurred with cloud top temperatures ( -5(C.

Precipitation Forecasting Using Skew-T

Scan a Skew-T or vertical cross section to determine actual moisture content.  Relative humidity indicates the chance for precipitation (especially, the closer you get to saturation).  Generally, the mixing ratio can be used to determine precipitation amount (the higher the mixing ratio value the greater the moisture content). Dew point depressions of 2(C or less normally indicate precipitation.  Strength of vertical motion is directly proportionate to cloud depth.  A change in vertical motion can explain a change in cloud or precipitation type.  Neutral or downward vertical motion often accompanies the end of precipitation.  

Precipitation/Freezing Level

Precipitation will change freezing levels due to evaporative cooling, latent heat release, or temperature/moisture advection.  The freezing (or melting) level may lower 500-1,000 feet in the first 

1-1/2 hours (if air mass is not saturated) after precipitation begins (evaporative effects).  When saturation occurs, evaporation ceases and the freezing level returns to its original level within 3 hours (exclusive of advection).  In the initial stages of cloud formation or in the building/development phase, freezing levels are raised through the release of latent heat (of condensation).  Effects of horizontal temperature advection are obvious and must be carefully analyzed.

Vorticity

With sufficient moisture available and decreasing stability, forecast precipitation to begin with the onset of strong PVA.  Progging precipitation with vorticity is simply timing the beginning and end by associating a particular vorticity isopleth with the precipitation.  You can also prog new precipitation areas based on the same values.  However, don't use this technique for orographic precipitation, precipitation from stratus (precipitation produced strictly by low-level effects), or precipitation from systems too shallow to be evident at 500 mb.

Precipitation Forecasting Using Satellite Imagery

 
General.  Using infrared imagery, look for the cooling of cloud tops or an expansion in an area of cold tops.  This can indicate an increase in upward vertical motion (UVM) resulting in increased precipitation over the region covered.  Warming of tops indicate the converse.  On visible imagery, the more textured the cloud tops, the stronger the convection occurring within the clouds.  This area indicates increased UVM and has a "lumpy" appearance. 

 
Synoptic Scale Systems.  

 
Deformation zone cloud systems.  Expect moderate to heavy precipitation in the southern quarter of the cloud area, with a sharp decrease in precipitation at the southern edge of the cloud shield.  A gradual decrease in precipitation from the southern through the northern sections of the cloud shield is common.  The cloud type is usually stratiform, with steady or continuous precipitation.  The movement of the precipitation area is slower than the precipitation area associated with the parent system.

 
Baroclinic zone cloud systems.  Baroclinic zone systems are usually topped with cold cirriform clouds.  The cold tops appear more scattered on IR channels than with deformation zone systems.  The northern reaches of the cloud band are typically composed of cirriform and high mid-clouds and are largely precipitation free.  The southern portions of the cloud band are composed of stratiform clouds and light steady precipitation.  The coldest and highly textured cloud tops are associated with convection and moderate to heavy showery precipitation.


 Development of Vorticity comma cloud systems.  The cloudiness comprising this synoptic pattern often extends only to the mid levels and may not appear enhanced on standard IR channels.  The highly textured appearance is commonly found throughout the cloud system and is evidence of showery precipitation associated with the upper-level vortex.  Strong thunderstorms may be found in the comma as indicated by the scattered cold tops on IR and pronounced shadows as seen on visual channels.


 Baroclinic leaf cloud systems.  You can expect little or no precipitation to form in the northeast portion of the cloud pattern.  Light showery precipitation falls from the southern boundary with moderate to heavy precipitation falling from the convective clouds indicated by the cold tops in the center of the cloud band.  Overshooting tops may appear on visual channels.  Light continuous precipitation falls from the western portions of the cloud area.

REVIEW EXERCISE 9-5

1.
 What produces continuous precipitation from stratiform clouds?

2. 
Vertical development of cumulus clouds must be at least ________ to _________ feet for precipitation to develop.

3. 
A cloud deck must be at least __________ feet thick for drizzle to develop.

4. 
Cooling cloud tops or an expanding area of cold tops indicates a/an (increase/decrease) in  (PVA/UVM or NVA/DVM) and a/an (increase/decrease) in precipitation.

5. 
In deformation zone cloud systems, precipitation will (increase/decrease) from the southern to northern areas of the cloud mass.

Match the item in Column A with the best answer in Column B.  Each letter may be used once, more than once, or not at all.

 
Column A  







Column B
_______  6.
Moderate to heavy precipitation associated   

a.
Vorticity Comma



with convective clouds in the center of the



cloud band    





b.
Deformation Zone

_______  7.
Showery precipitation only      



c.
Baroclinic Leaf

_______  8.
Primarily stratiform clouds and light,      

d.
Baroclinic Zone



steady precipitation

_______  9.
Precipitation area moves slower than precipitation

area associated with the parent system 

 VISIBILITY/RESTRICTIONS FORECASTING

Fog

Fog Formation.  Fog formation requires a cooling process, moisture and mixing.  The cooling processes include radiation (nocturnal cooling), advection of warm air over a cooler surface, adiabatic cooling (orographic or frontal lift), or evaporational cooling.  Moisture amounts are increased by evaporation (i.e. precipitation falling into colder air), adding condensation nuclei (burning hydrocarbons), cold air advecting over warm water or a saturated surface.  When significant moisture is trapped in the lowest levels, weak eddy currents will distribute this moisture through a deeper layer.  This process often leads to fog formation and/or an increase in the fog depth.  When a cool moist air mass comes in contact with a warm moist air mass fog can be expected.  

Fog Dissipation.  Fog dissipation involves either heating, removing the moisture, or excessive mixing.  We already know some types of heating would include insolation (solar heating), advection over a warmer surface, or adiabatic (downslope) warming.  Moisture is removed by mixing with drier air aloft (moisture is lost rather than distributed through a deeper layer) or condensation and precipitation (dew, rain etc.).


 Fog Classification


 Radiation fog.  A fine line separates dense fog from no fog at all.  In forecasting radiation fog, stability and moisture content (temperature-dew point relationship) are critical.   One degree of cooling can be the difference.  A thorough knowledge of local terrain and moisture sources is mandatory.  Radiation fog occurs when moist air cools to its dew point through nocturnal cooling or when maritime air becomes stagnant over a colder surface.  It requires a weak pressure gradient.  If the wind is 0-2 knots, the fog is shallow (often forms as a dew, frost or shallow ground fog as mixing is insufficient).  If the wind is greater than 8 knots, too much mixing is occurring and fog won't form.

Ideal conditions for radiational fog include the following criteria:  a wind of 3-7 knots, with an inversion present.  Cloudy days (especially low clouds with precipitation) with clear skies at night (or high thin cirrus) allowing for maximum radiational surface cooling and a dew point that is constant or increasing with height in the lowest 200-300 feet AGL (remember this requirement can be met through vertical mixing).  Radiational fog is common in regions dominated by a warm barotropic high or in late autumn or winter (short days and longer nights).  Radiation fog may also combine with advection fog.  Common over the east coasts of continents in late fall and winter.  Radiation fog does not form over snow fields (advection fog may form over snowfields with WAA in low layers) This type of fog dissipates with surface heating or strong mixing.  Radiation fog, in a pure sense will never lift to stratus.

 
Continental high inversion fog.  This fog is associated with an inversion based a few hundred to a few thousand feet above the surface.  It's most common in western U.S. valleys in winter (San Joaquin, Utah, Great Basin, etc.).  Formation takes several nights of cooling.  The low levels must have access to mP air (under inversion).  Stratus forms at the base of the inversion during the day and lowers to the surface at night.  Visibility is often near zero and may last for days or weeks.  Dissipation is achieved by a change in air mass.  Continental high inversion fog can be very persistent, often lasting for a week or more.


 Steam fog.  Steam fog forms over warmer water.  It is usually 2-3 feet thick.  It is caused by the rapid evaporation of moisture into relatively cold air.  This type of fog is most common in the mid-latitudes in fall or early winter, over lakes and rivers.  Dissipation occurs as the air heats.  Steam fog is not usually operationally significant.


 Advection fog.  Advection fog is produced by the transport of warm moist air over a colder surface (maritime air over land or colder waters).  The bottom line is the temperature contrast between the invading air mass and the underlying surface (sufficient cooling of the moist air must occur).  If the wind is less than 3 knots, the fog is shallow.  The ideal condition for deep fog is a wind of 3-9 knots.  If the wind is greater than 9 knots, too much mixing is occurring and will most likely result in stratus formation.  This fog is most common along coastal regions, and often extends to 150-250 nm inland, depending on terrain features and the wind field.  Some other common locations are the western side of the Bermuda High, Mid-Pacific Ridge, or southerly flow on the western side of a baroclinic high that has moved over water (New England-Grand Banks or Korea-Sea of Ohkotsk).  This fog dissipates with surface heating or strong winds.

Upslope fog.  This fog forms due to gradual orographic lift, which cools the air adiabatically to its dew point.  This fog actually forms as a stratus layer in staggered stages and then descends to the surface as air is adiabatically cooled moving upslope at a rate of 5.3(F per 1,000 ft.  This fog type can exist with stronger winds as adiabatic cool also increases.  It normally dissipates with a change in air mass or surface heating.  Favored geographic areas in North America include the Great Plains of the U.S. and Canada, the Piedmont east of the Appalachians, and the eastern slopes of the Rocky Mountains.  Stratus/Fog is not usually advected as a continuous sheet but tends to forms overhead as moist air ascends.  If stratus or fog is developing at upstream stations, the forecaster may expect this pattern to develop at their station.  Be sure to keep in mind local terrain.

 
Sea fog/Stratus.  Sea fog is simply advection fog, which forms when warm moist air moves over cold water.  An example is over the California current in summer.  The water may also be a cold water mass (not a current) at higher latitudes.  Sea fog and stratus dissipate by modifying the air mass (frontal passage or air stagnation over time).  It also dissipates if it moves over warm land.  Sea fog forms when the dew point is initially higher than the sea surface temperature.  The ambient temperatures are lowered as the air is modified from below, thus allowing the air mass to reach saturation.  If the dew points are lower than the sea surface temp, fog is unlikely.  Sea fog may lift to stratus as it advects on shore (lifting caused by slight cyclonic turning).  Sea fog can also exist with strong winds if water temperatures are quite cold (30-40oF).  Increasing wind speeds will likely lift the fog to stratus.

 
Frontal fogs.  Warm frontal fog (the most common frontal fog) is generally widespread, caused by warm rain falling into cooler air.  The dew point of the warm air mass will initially be higher than the temperature of the cold air mass.  Daytime stratus can form due to evaporation and turbulent mixing associated with surface heating.  If the gradient wind is greater than 25 knots, the ceiling will probably remain above 300 ft.  Be aware that a stratus layer can lower at night.  The classic scenario of this type of fog is a mT air mass overriding a cP air mass.  Cold frontal fog occurs with both active and inactive fronts with shallow slopes, and is usually found up to 150 to 200 nm behind the front due to a saturated surface (residual moisture left by past rains).  This fog dissipates with the passage of the 850-mb frontal trough.


 Ice fog.  This type of fog occurs in areas of human habitation at high latitudes (usually greater than 50( north/south).  The air is supercooled (-20(F or colder) and moisture is added by burning hydrocarbons.  It is possible for an aircraft to produce its own IFR conditions when starting its engines (condensation nuclei are added to the atmosphere).

Fog Forecasting

The forecaster must consider climatology, air mass qualities, how these qualities have been modified through their trajectories, and surface/low-level air interface.

 Determining Fog Height.  This can be determined from the Skew-T, by analyzing the height of the average mixing ratio and temperature intersection (CCLml).

 Graphic Fog Formation Method.  This method simply uses a graph to plot past temperature and dew points over a period of time.  You would then prog the temperature and dew point and find the intersection.  The result is an approximate time for fog formation, if it will occur.

Objective Radiation Fog Forecasting Method.  

Fog Point.  This value indicates the temperature at which radiation fog forms.  The first step is to compute the LCL (ML).  From the dew point at this pressure level, follow the saturation mixing ratio line to the surface.  The temperature at the surface is the fog point.

 Fog Dissipation "Rules of Thumb".  If advection fog is present, the fog usually lifts to stratus first.  If radiation fog is present, the fog usually "burns off".  If the air mass is modified, or is changing, from stable to unstable, fog will be eliminated or reduced.  Strong winds (causing excessive mixing) with some exceptions, will dissipate fog.

An objective Skew-T method is to find where the average mixing ratio intersects the temperature curve.  From this point follow the intersection down dry adiabatically to the pressure level at the surface, and read this temperature.  This is the temperature needed to dissipate the fog.

Haze/Smoke/Blowing Dust And Snow

 Haze.  Haze limits, but does not usually obscure the line of sight visibility.  Some conditions favorable to haze, smoke, or suspended dust include a slow moving anticyclone with a weak pressure gradient, and surface winds below 8 knots with winds aloft less than 25 knots.  Low-level subsidence with attendant drying/warming or any mesoscale or synoptic pattern which stabilizes the lower layers thus limiting mixing and producing inversions are also conducive for haze development.

Types of Haze.  There are two types of haze.  The first type is “wet” haze, which is air pollution. It is a veil of tiny droplets (aerosols) of condensed pollutants found in the eastern U.S.  The second type is “dry” haze, which consists of fine dust particles found elsewhere in the world.  (e.g., the Harmattan haze of West Africa, or the Shamal wind haze of the Persian Gulf)

Chemistry of Haze.  Haze aerosols form from the oxidation of SO2 and may exist in solid or liquid form.  Airborne sulfates also originate from bursting air bubbles in ocean waves or over arid regions, from wind abrasion of sulfate-bearing soils.  Man-made SO2 is produced in great quantities during large-scale combustion of sulfur-bearing fossil fuels in power plants, oil refineries, and steel mills.  These regions include the Mid-Mississippi Valley, Mid-Atlantic States, Lower Great Lakes and Texas and Louisiana coasts

Climatology of Haze.  Because large scale atmospheric transport reaches a minimum during the summer and boundary layer relative humidity tends to be high, sulfate haze is primarily a warm season phenomenon.   The eastern U.S. is located to the west of the semi-permanent Bermuda anticyclone, which makes it prone to prolong episodes of synoptic-scale haze in summer.  There is limited vertical mixing east of the Appalachians because of subsidence.  Summer days are long and large-scale cloudiness is at a minimum enhances the formation of liquid or solid aerosols from SO2 gas.  Haze forms primarily in cP air mass which has undergone strong modification in the lowest layers and is returning poleward after having overspread the eastern states two or three days before.  A subsidence inversion is present around 850 or 900 mb, which traps moisture and haze aerosols near the surface.  Some of the worst haze episodes are associated with the blocking of polluted air masses over the Ohio Valley or Midwest when tropical cyclones are present along the East Coast.  Haze in the western U.S. is largely free of sulfate haze, ozone smog and nitrate-based haze which plague much of southern California because of automobile emissions.

Haze forecasting.  Haze occurs a day or so (48 hours) after a cP air mass has settled over the area and surface winds are light (<8 knots).  There is a subsidence inversion at 850 to 900 mb.  Haze movement may be estimated by trajectories at the 850-mb level in the eastern U.S.  Haze will dissipate and visibilities will increase with the arrival of mT air from the western Atlantic.  This is in the form of a “tropical surge”.  When the main axis of the Bermuda High rotates clockwise from its usual east/west orientation along 30 or 35( N latitude.  This is in response to the development of a strong trough over the Mississippi Valley.  It could also be in response to the development of a closed circulation along the south Atlantic Coast.  Both scenarios result in deep S-SW flow over the Mid-Atlantic States and New England.  Haze may form when cool air moves over warmer water with wind speeds of 10 to 20 knots and may produce a shallow inversion (50 to 100 feet), capping sea salts.


Smoke.  This is generally a local problem of short duration.  Restrictions to visibility can include bombing/artillery fire, industry, forest fires, etc. in a stable atmosphere.  Dissipation is basically the same as for haze.  Eliminate the source and/or destabilize the atmosphere by strong wind or turbulent mixing.  The marine environment is similar to haze situations as well.


Blowing Dust/Sand.  Favorable conditions for blowing dust and sand are found in desert regions and areas of disturbed surfaces (military operations, construction).  Drought regions, in conjunction with haphazard irrigation practices are also likely sources.  Winds > 15 knots are required to raise and advect significant amounts of fine dust (Saudi Arabia, Iraq/Iran, Sahara Desert).  Winds > 25 knots are required to raise and advect sand/soil.  The most severe cases of blowing dust/sand are associated with desert thunderstorm outflow boundaries (called "Haboobs" in the Mid-East).  High winds behind a cold front can advect sand or dust hundreds of miles horizontally and thousands of feet aloft.  Once this fine dust is lifted, it may remain suspended for days after the wind subsides.  The higher relative humidity of marine regions reduces visibility more than in drier air.


Blowing Snow.  Snow cover previously subjected to movement by the wind (blowing or drifting) will not give as severe a visibility restriction as that caused by snow not previously blown.  Snow that falls at temperatures near freezing will not blow easily (wind equal to or greater than 25 knots is needed).  Snow packs that have been undisturbed for a long period of time will not be blown.  Loose or drifting snow becomes blowing snow at wind speeds 10-15 knots or greater.  Fresh snow will be loose at temperatures equal to or less than -4(F.  Lastly, the wind will not pick up snow that is three or more days old.


Pollutants.  Air pollution is essentially produced by sources emitting gases, aerosols or particles within a space that is unable to dilute or disperse the pollutants.  Air pollution dispersal is quite similar to haze dispersal.

REVIEW EXERCISE 9-6

Match the condition in Column A with the classification of fog from Column B.  Each letter may be used once, more than once, or not at all.



Column A   







Column B

_____  1.
Ideal condition is 3-7 knots of wind   


a.
Radiation Fog

_____  2.
Usually 2-3 feet thick   




b.
Continental High Inversion 










Fog

_____  3.
With winds >9 knots, fog will most   


c.
Advection Fog



likely lift into stratus    
















d.
Steam Fog

_____  4.
Advection fog which forms when 




   

warm moist air moves over colder   


e.
Upslope Fog



water     








_____  5.
Occurs in areas of human habitation 


f. 
Sea Fog/Stratus



_____  6.
Occurs in the winter months over the  


g.
Warm Frontal Fog

  

Great Basin or western valleys

_____  7.
Most common in fall or winter over


h.
Cold Frontal Fog



lakes or rivers     

_____  8.
A stable type of fog due to gradual


i.
Ice Fog



orographic lift of stable moist air

_____  9.
The most prevalent type of fog

_____  10.
Conditions may last for several days or weeks

_____  11.
Valleys must have access to maritime polar air

_____  12.
Does NOT exist/form over snowfields

_____  13.
Best condition:  Cloudy days, cloudless,



   or thin cirrus nights

_____  14.
Dissipates with a change of air mass

_____  15.
Dissipates with the passage of the



850 mb trough

_____  16.
Most common type of frontal fog

17.
What are three fog formation processes?

18.
What are three fog dissipation processes? 
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