Exam 2 – Review
**Exam 2 will be a multiple choice exam consisting of 35 questions

**Focus on definitions - (blue highlighted concepts in text) 

**Focus on blue boxes - (important information given in these boxes)
Ch 7 – Scales of Atmospheric Circulation
Section A:  Scales of Circulation- refer to the sizes and lifetimes of individual circulations
Macroscale – greater circulations; have the longest lifetimes; refers to horizontal dimensions of 1,000 to 10,000 nautical miles; general circulation, monsoon circulation, jet stream 

Mesoscale – refers to horizontal dimensions of 1 to 1,000 nautical miles; occluded cyclone, hurricane, front, land/sea breeze, lee wave, thunderstorm, downburst

Microscale – smaller circulations; have the shortest lifetimes; tornado, dust devil, thermal, turbulence

Embedded circulations – at any one time, several circulations may be present, with smaller ones embedded in, and often driven by larger scale circulations

Section B: The largest Scale Circulations

The General Circulation – the general circulation refers to the wind system that extends over the entire globe
Circulation Cell – each of the vertical circulation systems is called a circulation cell or simply a cell

Hadley Cell – at the surface between the equator and 30 degrees north we again find the northeasterlies.  This cell is called the Hadley Cell for an 18th century scientist who first proposed a model of the general circulation

Polar Cell – in the highest latitudes a polar cell has developed.  It is defined by air rising near 60 degrees north and sinking over the pole
Ferrel Cell – In the latitude belt between 30 degrees north and 60 degrees north the faster rotation and strong north-south temperature gradient in midlatitudes favors the development of smaller scale eddies in that region.  Their influence on the general circulation is to cause the average surface winds to be southwesterly in this latitude belt, and to remain westerly up through at least the tropopause.  These average winds define a midlatitude circulation cell called the Ferrel Cell

Trade winds – the three cell circulation generates some important and well known features in the surface wind pattern.  These include the steady northeasterly trade winds between the equator and 30 degrees north


Prevailing westerlies - the three cell circulation generates some important and well known features in the surface wind pattern.  These include the prevailing westerlies between 30 degrees north and 60 degrees north.

The Monsoon Circulation - the three cell circulation generates some important and well known features in the surface wind pattern.  These include the polar easterlies north of 60 degrees north.
Intertropical Convergence Zone (ITCZ) – The low pressure area near the equator is called the “Doldrums.”  Because of the convergence of trade winds from both hemispheres into that area, it is also known as the Intertropical Convergence Zone (ITCZ).

Horse latitudes – air sinks in a region of diverging surface winds that correspond with a subtropical high pressure near 30 degrees north.  This part of the general circulation is known as the horse latitudes.  Cloud formation is suppressed and precipitation is typically low in these areas.

Polar Front – Near 60 degrees north, pressures are low and surface winds converge, bringing warm airmasses from tropical regions into contact with cold airmasses from polar regions.  The line separating the airmasses at this location is called the Polar Front.  It is another region of cloudiness and precipitation.

Monsoon circulation – The monsoon is a macroscale wind pattern that undergoes a seasonal reversal in direction.  The low-level winds of the “wet” monsoon of summer flow from the ocean to the continent.  The “dry” monsoon flow is in the opposite direction (the continent to the ocean).  A rough measure of the scale of a monsoon is 5,000 n.m. or about the size of a continent.

Section C: The Global Circulation System


The Global Circulation System – Most global climatological wind charts are based on a monthly or seasonal average of the world-wide winds.  This averaging process eliminates circulations with smaller time scales leaving what is called the global circulation system.  It is a combination of the general and monsoon circulations.

Long waves – These are the average 500 mb heights and wind directions for January and July.  The January chart also shows positions of three long-wave troughs along the east coasts of North America and Asia, and over Eastern Europe.  The three waves in figure 7-8 are examples of the largest scale wave distributions that occur in the atmosphere.  Appropriately, these are called long waves.  They tend to move much more slowly than the wind. 

Jet Stream – Very important upper-air features known as jet streams are often embedded in the zone of strong westerlies.  A jet stream is a narrow band of high-speed winds that reaches its greatest speed near the tropoause (24, 000 to 50, 000 feet MSL).  Typical jet stream speeds range between 60 knots and about 240 knots.  Jet streams are typically thousands of miles long, hundreds of miles wide, and a few miles thick.
 
The polar front jet stream – On the average, two jet streams are found in the westerlies, the polar front jet stream is one of them.  As the name implies, the polar front jet stream is found near the latitude of the polar front.  Similar to the behavior of the polar front, it is stronger and farther south in the winter and weaker and further north in summer.

The subtropical jet stream - On the average, two jet streams are found in the westerlies, the subtropical jet stream is one of them.  The subtropical jet stream has no related surface frontal structure and shows much less fluctuation in position.  It is typically found near 25 degrees north to 30 degrees north latitude near North America.  The subtropical jet stream reaches its greatest strength in the wintertime and generally disappears in summer.

****THE POLAR FRONT JET STREAM WEAKENS AND MOVES POLEWARD IN THE SUMMER****  
Section D: Global Circulation and Climatology
Climatology – the study of the average conditions of the atmosphere

Ch 8 – Airmasses, Fronts, and Cyclones
Section A: Extratropical Cyclones

Extratropical cyclone – an extratropical cyclone is a macroscale low-pressure disturbance that develops outside the tropics.

Frontal lows or frontal cyclones – extratropical cyclones draw their energy from temperature differences across the polar front, so they are also known as frontal lows or frontal cyclones.

Wave cyclones and frontal waves – frontal lows or frontal cyclones move from west to east as macroscale eddies embedded in the prevailing westerlies.  These disturbances distort the polar front into a wave shape; therefore they are also referred to as wave cyclones and frontal waves.

Polar front model – the important characteristics of the development and structure of a frontal low are represented by the polar front model.

Airmasses – an airmass is a large body of air that has fairly uniform temperature, stability and moisture characteristics.
Airmass source region – an airmass is generally identified by its airmass source region; that is, by the geographical area where it develops.  Common airmass types are Arctic (A), Polar (P), and Tropical (T).


Cold airmass – once an airmass leaves its source region, it is also classified according to its temperature relative to the ground over which it is moving.  A cold airmass is colder than the ground over which it is moving.


Warm airmass - once an airmass leaves its source region, it is also classified according to its temperature relative to the ground over which it is moving.  A warm airmass is warmer than the ground over which it is moving.


Front – as you know from your earlier reading about the causes of vertical motions, that boundary is called a front.  Fronts are hundreds of miles long and have lifetimes similar to those of airmasses.  They are classified according to their movement.

****WHEN AN AIRMASS IS STABLE,  IT IS COMMON TO FIND SMOKE, DUST, HAZE, ETC., CONCENTRATED AT THE LOWER LEVELS, WITH RESULTING POOR VISIBILITY****
****ONE OF THE MOST EASILY RECOGNIZED DISCONTINUTIES ACROSS A FRONT IS A CHANGE IN TEMPERATURE****

Cold front – fronts are assigned a name according to whether the cold airmass is advancing (cold front) or the warm front is advancing (warm front).


Warm front - fronts are assigned a name according to whether the cold airmass is advancing (cold front) or the warm front is advancing (warm front).


Stationary front – if the airmasses show no appreciable movement, the front is designated a stationary front (or quasi-stationary front).


Occluded front – in the situation where a cold front overtakes a warm front; the result of which is termed an occluded front.


Frontal slope – refers to the ratio of the altitude of the top of the cold air at some point in the cold airmass to the horizontal distance of that point on the surface from the nearest edge of the airmass; ratio of the altitude (Z) of the frontal surface to the distance (X) from the surface position of the front; frontal slope = Z / X

Frontal zone – a front is not a thin line as shown on a chart, but is actually a narrow frontal zone through which there is a rapid transition of conditions from one airmass to the other.

Cyclogenesis – vertical motions provided by large mountain chains and latent heat derived from moist air during condensation can also enhance cyclone development (cyclogenesis).  These two processes frequently work together to produce frontal lows on the east slopes of the Rocky Mountains.


Wave cyclones – these cyclones do not necessarily develop beyond the incipient stage.  These so-called stable waves simply move rapidly along the polar front, finally dissipating.  

****A VARAITION THAT WILL ALWAYS OCCUR WHEN FLYING ACROSS A FRONT IS A CHANGE IN THE WIND****


Incipient stage – this is also called the wave cyclone stage because the previous stationary front has been distorted into a wave shape in response to the developing circulation


Warm sector – the triangular region of warm air between the fronts and to the south of the cyclone is called the warm sector.


Wind Shear – the change of wind speed and / or wind direction over a distance.  Shears may be vertical, horizontal or both.


Cyclonic wind shear – changes in the wind speed or direction correspond with what you would find as you cross a low-pressure area.


Anticyclonic wind shear – what you would expect when crossing a high-pressure area.  The wind shear across a front (which often lies in a trough of low pressure) is cyclonic.


Deepening – as the cyclone progresses northeastward, the central pressure continues to fall.  This is an indication that the cyclone is deepening.  The winds around the cyclone increase in response to the greater pressure gradient.


Occlusion process – the warm sector air is pushed aloft by the occlusion process and the cyclone enters the occluded stage.


Filling – the central pressure begins to rise (the cyclone is filling) as the frontal low enters the dissipating stage of its life cycle


Short Wave Troughs – the upper-level troughs which correspond t developing frontal lows are smaller scale than long waves (1,000 nm vs. 3,000 nm or more).  These are also called short wave troughs and these disturbances move toward the east much more rapidly than long wave troughs averaging about 600 nm per day.


Closed low – an occluded cyclone at the surface usually corresponds with a closed low aloft
****WHILE FLYING CROSS COUNTRY IN THE NORTHERN HEMISPHERE, IF YOU EXPERIENCE  A CONTINUOUS LEFT CROSSWIND WHICH IS ASSOCIATED WITH A MAJOR WIND SYSTEM, YOU ARE FLYING TOWARD A LOW-PRESSURE AREA AND GENERALLY UNFAVORABLE WEATHER CONDITIONS****


Overrunning – along the warm front, warm, moist, stable air moves over the retreating wedge of cold air in what is frequently described as a gentle up-gliding motion or overrunning.


Warm front occlusion – the warm front remains on the ground because the cold air ahead of the warm front is much colder than the air behind the cold front


Cold front occlusion – cold front remains on the ground

****INDICATORS OF AN APPROACHING WARM FRONT ARE STEADY PRECIPITATION WITH STRATIFORM CLOUDS****
****A COMMON IN-FLIGHT HAZARD ASSOCIATED WITH WARM FRONTS IS PRECIPITATION-INDUCED FOG****

****IN A COLD FRONT OCCLUSION, THE AIR AHEAD OF THE WARM FRONT IS WARMER THAN THE AIR BEHIND THE OVERTAKING COLD FRONT****

****WHEN THE COLD AIRMASS FOLLOWING A COLD FRONT IS MOIST AND UNSTABLE, IT IS CHARACTERIZED BY CUMULIFORM CLOUDS AND SHOWERY PRECIPITATION****

****A RIDGE OR HIGH-PRESSURE AREA IS CHARACTERIZED BY DOWNWARD MOTION****



Frontal cloud band – a low-level cold frontal cloud band is found to the south of the cyclone and east of the trough line.


Comma cloud – on the east side of the upper trough are a comma cloud composed of middle clouds and a broad curved band of jet stream cirrus located just to the right of the jet axis.
Section B: Tropical Cyclones and Hurricanes

Tropical cyclone – a mesoscale, cyclonic circulation that develops in the tropical easterlies; the term tropical cyclone covers a number of similar tropical disturbances which are classified according to their maximum sustained wind speeds:

Tropical disturbance – < 20 knots



Tropical depression – 20 to 34 knots



Tropical storm – 35 to 64 knots



Hurricane – > 64 knots


Storm surge – an abnormal rise of water due to a tropical cyclone; Saffir-Simpson scale of damage potential of hurricanes (Figure 8-19).

Hurricane eye – the hurricane eye is the circular, nearly cloud-free region approximately 10 to 20 nm in diameter that is located in the center of the storm.


Eye wall – the eye wall is the cloudy region embedded with many thunderstorms immediately adjacent to the eye.


Rainbands – the rainbands that spiral into the storm are also lines of convergence characterized by thunderstorms and showery activity

Hurricane watch – a hurricane watch is issued when hurricane conditions are expected in a particular area within a day or more.


Hurricane warning – issued when the arrival of those conditions is expected within the next 24 hours

Ch 9 – Thunderstorms
Section A: Dry Convection
Dry convection – air in the cumulus clouds or cumulonimbus clouds originally comes from the boundary layer; a common process within a few thousand feet of the ground
Thermals – the cloudless roots of cumulus clouds

Dust devils – the result of the spin-up of a thermal is a vortex known as a whirlwind or dust devil not to be confused with more violent tornadoes or waterspouts

Vortex ring – superimposed on the overall rising motion of the thermal is a microscale circulation cell that is best described as an elongated vortex ring.  Extending upward from the ground, the vortex ring has a relatively narrow core of upward motions surrounded by a broad region of weaker sinking motions.   

Section B: Cloudy Convection


Cloudy convection – in its most common use the term cloudy convection refers to saturated air that is rising because it is warmer than its surroundings

Convective condensation level – the characteristic flat bases of the clouds occur at the altitudes where the rising unstable air first reaches saturation and is called the convective condensation level.


Equilibrium level – the cloudy updraft continues its upward acceleration until it reaches its equilibrium level; that is, the altitude where the updraft temperature is equal to the temperature of its surroundings.

****STRONG UPWARD CURRENTS IN CLOUDS ENHANCE THE GROWTH RATE PRECIPITATION****


Precipitation-induced downdraft – when the altitude of the cumulus cloud exceeds the freezing level, there is a rapid growth of cloud particles by the ice crystal process.  At some point in this process the updraft is no longer strong enough to support the weight of the large particles.  They begin to fall dragging air downward.  This is the beginning of the precipitation-induced downdraft.


Radar – weather radar is used extensively to locate thunderstorms and to observe their structure and behavior.  Radar for radio detection and ranging is an instrument that uses electromagnetic radiation to detect objects and determine their distance and direction from the radar site.


Radar echo – a small fraction of the reflected / scattered radar signal returns to the radar antenna / receiver where it is intercepted.  The received signal constitutes a radar echo.

Doppler radar – has the capacity to determine velocity of a target toward or away from the radar by measuring the frequency difference between the transmitted and received radiation.


Weather radar – operates at specific frequencies or wavelengths of electromagnetic radiation that are sensitive to scattering by ice and water particles.


WSR-88D (NEXRAD) – the United States weather radar network has been upgraded over the last several years with an improved Weather Surveillance Radar.  This is a powerful Doppler Radar System.

Airborne weather radar – not as powerful as surfaced based radar, airborne weather radar has the advantage of observing the current conditions ahead of the aircraft


Attenuation – as a radar signal travels away from its source, it undergoes a process known as attenuation.  This is a weakening of the signal that occurs as the signal absorbed, scattered, or reflected along its path.

****THE RADARSCOPE PROVIDES NO ASSURANCE OF AVOIDING INSTRUMENT WEATHER CONDITIONS****


Radar Summary Chart – An example of the radar echo intensity information available every hour from the national radar network is shown on a weather radar summary chart.  Radar Summary Charts show weather radar echo intensity scales as a measure of precipitation rate.  Contours represent radar echo intensity levels1, 3, and 5.
****You will not be tested on the following radar summary chart information.  It is given for your information only****

A radar summary chart is a computer-generated graphical display of a collection of automated radar weather reports (S.D.’s). This chart displays areas of precipitation as well as information about type, intensity, configuration, coverage, echo top, and cell movement of precipitation. Severe weather watches are plotted if they are in effect when the chart is valid. The chart is available hourly with a valid time of H+35; i.e., 35 minutes past each hour. Figure 7-2 depicts the WSR-88D radar network from which the radar summary chart is developed.
ECHO (PRECIPITATION) TYPE:  The types of precipitation are indicated on the chart by symbols located adjacent to precipitation areas on the chart.  
INTENSITY:  The intensity is obtained from the amount of energy returned to the radar from the target and is indicated on the chart by contours. Six precipitation intensity levels are reduced into three contour intervals as indicated in Table 7-2. In Figure 7-1, over central Montana is an area of precipitation depicted by one contour. The intensity of the precipitation area would be light to possibly moderate. Whether there is moderate precipitation in the area cannot be determined. However, what can be said is that the maximum intensity is definitely below heavy. When determining intensity levels from this chart, it is recommended that the maximum possible intensity be used. To determine the actual maximum intensity level, the SD for that time period should be examined. It should also be noted that intensity is coded for frozen precipitation (i.e., snow or snow showers). This is due to the fact that the WSR-88D is much more powerful and sensitive than previous radars. Finally, it is very important to remember that the intensity trend is no longer coded on the radar summary chart.  Table 7-2 Precipitation Intensities Digit Precipitation Intensity Rainfall Rate in./hr. Stratiform Rainfall Rate in./hr. Convective1LightLess than 0.1Less than 0.22Moderate0.1-0.50.2-1.13Heavy0.5-1.01.1-2.24Very heavy1.0-2.02.2-4.55Intense2.0-5.04.5-7.16ExtremeMore than 5.0More than 7.1Highest precipitation top in area in hundreds of feet MSL (45,000 feet MSL).
ECHO CONFIGURATION AND COVERAGE:  The configuration is the arrangement of echoes. There are three designated arrangements: a LINE of echoes, an AREA of echoes, and an isolated CELL. (See Radar Weather Reports in Section 3 for definitions of the three configurations.)Coverage is simply the area covered by echoes. All the hatched area inside the contours on the chart is considered to be covered by echoes. When the echoes are reported as a LINE, a line will be drawn through them on the chart. Where there is 8/10 coverage or more, the line is labeled as solid (SLD) at both ends. In the absence of this label, it can be assumed that there is less than 8/10 coverage. For example, in Figure 7-1, there is a solid line of thunderstorms with intense to extreme rain showers over central Georgia.

ECHO TOPS:  Echo tops are obtained from both radar and, on occasion, satellite data and displayed for precipitation tops. Echo tops are the maximum heights of the precipitation in hundreds of feet MSL. They should be considered only as approximations because of radar wave propagation limitations. Tops are entered above a short line, with the top height displayed being the highest in the indicated area.Examples:220: maximum top 22,000 feet500: Maximum top 50,000 feet.  It is assumed that all precipitation displayed on the chart is reaching the surface. Some examples of top measurements in Figure 7-1 include a top of 15,000 feet MSL over northeast Washington; 23,000 feet over north-central Texas; and 32,000 feet MSL in central Georgia.
ECHO MOVEMENT:  Individual cell movement is indicated by an arrow with the speed in knots entered as a number at the top of the arrow head. Little movement is identified by LM. For example, in Figure 7-1, the precipitation over north-central Texas is moving southwest at 8 knots. The precipitation in New England area is moving east-northeast at 25 knots. Line or area movement is no longer indicated on the chart.
SEVERE WEATHER WATCH AREAS:  Severe weather watch areas are outlined by heavy dashed lines, usually in the form of a large rectangular box. There are two types - tornado watches and severe thunderstorm watches. Referring to Figure 7-1and Table 7-1, the type of watch and the watch number are enclosed in a small rectangle and positioned as closely as possible to the northeast corner of the watch box. For example, in Figure 7-1, the boxed“WS0005” in northeast Georgia and western South Carolina is a severe thunderstorm watch and is the 5thsevere thunderstorm watch issued so far in the year. The watch number is also printed at the bottom of the chart (in Mexico) together with the issuance time and expiration time.
USING THE CHART:  The radar summary chart aids in preflight planning by identifying general areas and movement of precipitation and/or thunderstorms. This chart displays drops or ice particles of precipitation size only; it does not display clouds and fog. Therefore, the absence of echoes does not guarantee clear weather, and cloud tops will most likely be higher than the tops of the precipitation echoes detected by radar. The chart must be used in conjunction with other charts, reports, and forecasts.  Examine chart notations carefully. Always determine location and movement of echoes. If echoes are anticipated near the planned route, take special note of echo intensity. Be sure to examine the chart for missing radar reports before assuming “no echoes present.” For example, the Rapid City (RAP) radar report in western South Dakota is shown as “not available (NA).”Suppose the planned flight route goes through an area of widely scattered thunderstorms in which no increase in area is anticipated. If these storms are separated by good VFR weather, they can be visually sighted and circumnavigated. However, widespread cloudiness may conceal the thunderstorms. To avoid these embedded thunderstorms, either use airborne radar or detour the area.  Remember that the radar summary chart is for preflight planning only and should be updated by currentWSR-88D images and hourly reports. Once airborne, the pilot must evade individual storms by in flight 

Constant Pressure Analysis Charts - Weather information for computer generated constant pressure charts is observed primarily by balloon-ascending radiosonde packages. Each package consists of weather instruments and a radio transmitter.  During ascent instrument data are continuously transmitted to the observation station. Radiosondes are released at selected observational sites across the USA at 00Z and 12Z. The data collected from the radiosondes are used to prepare constant pressure charts twice a day.  Constant pressure charts are prepared for selected values of pressure and present weather information at various altitudes. The standard charts prepared are the 850 mb (hPa), 700 mb (hPa), 500 mb (hPa), 300mb (hPa), 250 mb (hPa), and 200 mb (hPa) charts. Charts with higher pressures present information at lower altitudes while charts with lower pressures present information at higher altitudes. 
****You will not be tested on the following constant pressure analysis chart information.  It is given for your information only****
 All constant pressure charts contain analyses of height and temperature variations. Also, selected charts have analyses of wind speed variations. Variations of height are analyzed by contours, variations of temperature by isotherms, and variations of wind speed by isotachs. 

Contours are lines of constant height, in meters, which are referenced to mean sea level. Contours are used to map the height variations of surfaces that fluctuate in altitude. They identify and characterize pressure systems on constant pressure charts.

Contours are drawn as solid lines on constant pressure charts and are identified by a three-digit code located on each contour. To determine the contour height value, affix "zero" to the end of the code. Fore example, a contour with a "315" code on the 700 mb/hPa chart identifies the contour value as 3,150 meters. Also, affix a "one" in front of the code on all 200 mb/hPa contours and on 250 mb/hPa contours when the code begins with zero. For example, a contour with a "044" code on a 250 mb/hPa chart identifies the contour value as 10,440 meters.  The contour interval is the height difference between analyzed contours. A standard contour interval is used for each chart. The contour intervals are 30 meters for the 850 and 700 mb (hPa) charts, 60 meters for the 500 mb (hPa) chart, and 120 meters for the 300, 250, and 200 mb (hPa) charts.  The contour gradient is the distance between analyzed contours. Contour gradients identify slopes of surfaces that fluctuate in altitude. Strong gradients are closely spaced contours and identify steep slopes.  Weak gradients are widely spaced contours and identify shallow slopes. The contour analysis displays height patterns. Common types of patterns are lows, highs, troughs, and ridges. Contours have curvature for each of these patterns. Contour patterns can be further characterized by size and intensity. Size represents the breadth of a system. Sizes can range from large to small. A large pattern is generally more than 1,000 miles across, and a small pattern is less than 1,000 miles across. Intensities can range from strong to weak. Stronger systems are depicted by contours with stronger gradients and sharper curvatures. Weaker systems are depicted by contours with weaker gradients and weaker curvatures. For example, a chart may have a large, weak high, or a small, strong low.  Contour patterns on constant pressure charts can be interpreted the same as isobar patterns on the surface chart. For example, an area of low height is the same as an area of low pressure. Winds respond to contour patterns and gradients. Wind directions parallel contours. In the Northern Hemisphere, when looking downwind, contours with relatively lower heights are to the left and contours with relatively higher heights are to the right. Thus, winds flow counterclockwise (cyclonically) around lows and clockwise (anti cyclonically) around highs. (In the Southern Hemisphere these directions are reversed.) Winds that rotate are termed circulations. Wind speeds are faster with stronger gradients and slower with weaker gradients. In mountainous areas, winds are variable on pressure charts with altitudes at or below mountain crests. Contours have the effect of "channeling" the wind.

Isotherms are lines of constant temperature. An isotherm separates colder air from warmer air.  Isotherms are used to map temperature variations over a surface.  Isotherms are drawn as bold, dashed lines on constant pressure charts. Isotherm values are identified by a two-digit block on each line. The two digits are prefaced by "+" for above-freezing values as well as the zero isotherm and "-" for below-freezing values. Isotherms are drawn at 5-degree intervals on each chart. The zero separates above-freezing and below-freezing temperatures.  Isotherm gradients identify the magnitude of temperature variations. Strong gradients are closely spaced isotherms and identify large temperature variations. Weak gradients are loosely spaced isotherms and identify small temperature variations.

Isotachs are lines of constant wind speed. Isotachs separate higher wind speeds from lower wind speeds.  Isotachs are used to map wind speed variations over a surface. Isotachs are analyzed on the 300, 250,and 200 mb (hPa) charts.  Isotachs are drawn as short, fine dashed lines. Isotach values are identified by a two- or three-digit number followed by a "K" located on each line. Isotachs are drawn at 20-knot intervals and begin at 10knots.Isotach gradients identify the magnitude of wind speed variations. Strong gradients are closely spaced isotachs and identify large wind speed variations. Weak gradients are loosely spaced isotachs and identify small wind speed variations.  Zones of very strong winds are highlighted by hatches. Hatched and un-hatched areas are alternated at 40-knot intervals beginning with 70 knots. Areas between the 70- and 110-knot isotachs are hatched.  Areas between the 110- and 150-knot isotachs are un-hatched. This alternating pattern is continued until the strongest winds on the chart are highlighted. Highlighted isotachs assist in the identification of jetstreams.  

It is important to assess weather in both the horizontal and vertical dimensions. This not only applies to clouds, precipitation, and other significant conditions, but also pressure systems and winds. The characteristics of pressure systems vary horizontally and vertically in the atmosphere.  The horizontal distribution of pressure systems is depicted by the constant pressure charts and the surface chart (Section 5.) Pressure systems appear on each pressure chart as pressure patterns. Pressure charts identify and characterize pressure systems by their location, type, size, and intensity.  The vertical distribution of pressure systems must be determined by comparing pressure patterns on vertically adjacent pressure charts. For example, compare the surface chart with the 850 mb/hPa chart, 850 mb/hPa with 700 mb/hPa, and so forth. Changes of pressure patterns with height can be in the form of position, type, size, or intensity.  The three-dimensional assessment of pressure systems infers the assessment of the three-dimensional variations of wind.  

Constant pressure charts are used to provide an overview of selected observed en route flying conditions. Use all pressure charts for a general overview of conditions.  Select the chart closest to the desired flight altitude for assessment of en route conditions. Review the winds along the route. Consider their direction and speed. For high altitude flights, identify jet stream positions. Note whether pressure patterns cause significant wind shifts or speed changes. Determine if these winds will be favorable or unfavorable (tailwind, headwind, crosswind.) Consider vertically adjacent charts and determine if a higher or lower altitude would have a more desirable en route wind.  Interpolate winds between charts for flights between chart levels. Review other conditions along the

Evaluate temperatures by identifying isotherm values and patterns. Evaluate areas with moist air and cloud potential by identifying station circles shaded black.  Consider the potential for hazardous flight conditions. Evaluate the potential for icing. Freezing temperatures and visible liquid forms of moisture produce icing. Evaluate the potential for turbulence.  In addition to convective conditions and strong surface winds, turbulence is also associated with windshear and mountain waves. Wind shear occurs with strong curved flow and speed shear. Strong lowsand troughs and strong isotach gradients are indicators of strong shear. Vertical wind shear can be identified by comparing winds on vertically adjacent charts. Mountain waves are caused by strong perpendicular flow across mountain crests. Use winds on the pressure charts near mountain crest level to evaluate mountain wave potential.  Pressure patterns cause and characterize much of the weather. As a general rule, lows and troughs are associated with clouds and precipitation, while highs and ridges are associated with good weather.  However, this rule is more complicated when pressure patterns change with height. Compare pressure pattern features on the various pressure charts with other weather charts, such as the weather depiction and radar summary charts. Note the association of pressure patterns on each chart with the weather.  Pressure systems, winds, temperature, and moisture change with time. For example, pressure systems move, change size, and change intensity. Forecast products predict these changes. Compare observed conditions with forecast conditions and be aware of these changes.

Plotted wind direction and speed by symbol. Direction is to the nearest 10 degrees and speed is to the nearest 5 knots. (See Figure 5-3 for the explanation of the symbols.) If the direction or speed is missing, the wind symbol is omitted and an "M" is plotted.  If speed is less than 3 knots, the wind is light and variable, the wind symbol is omitted, and an "LV" is plotted.  

Plotted height of the constant pressure surface is plotted in meters above mean sea level. If data is missing, nothing is plotted in this position.  

Plotted temperature to the nearest whole degree Celsius is given. A below-zero temperature is prefaced with a minus sign. Position is left blank if data is missing. A bracketed computer-generated temperature is plotted on the 850 mb/hPa chart in mountainous regions when stations have elevations above the 850 mb/hPa pressure level. If two temperatures are plotted, one above the other, the top temperature is used in the analysis.
Plotted temperature-dew point spread to the nearest whole degree Celsius. An "X" is plotted when the air is extremely dry. The position is left blank when the information is missing.  

Plot of constant pressure surface height change which occurred during the previous 12 hours in tens of meters is given. For example, a +04 means the height of the surface rose 40 meters and a-12 means the height fell by 120 meters; data is superseded by "LV" or "M" when pertinent.
Circles identify station position. Shaded black when T-D spread is 5 degrees or less (moist).  Unshaded when spread is more than 5 degrees.  

Lightning detection equipment – very popular alternative to airborne radar for light general aviation aircraft.  The equipment is designed to help the pilot completely avoid storm cells.  However, this equipment does not directly indicate any areas of heavy precipitation, hail or wind shear.

Thunderstorm – based on surface observations, a thunderstorm is defined as a local storm produced by a cumulonimbus cloud and always accompanied by lightning and thunder.

Airmass thunderstorm – an ordinary thunderstorm


Severe thunderstorm – a severe thunderstorm has a greater intensity than an airmass thunderstorm as defined by the severity of the weather it produces:  wind gusts of 50 knots or more and/or hail three-quarters of an inch or more in diameter and/or strong tornadoes.


Single-cell airmass thunderstorm – lasts less than one hour


Supercell severe thunderstorm – may last two hours or longer


Multicell thunderstorm – a multicell storm is a compact cluster of thunderstorms


Cumulus stage – when atmospheric moisture and instability are sufficient the evolution of the airmass thunderstorm begins.  In the cumulus stage an important change occurs in the nature of convection.  There is a marked increase in the scale of the circulation.  The size of the updraft region becomes larger than the size of any of the individual thermals that are feeding the region.

Towering cumulus (TCU) – during the cumulus stage, the convective circulation grows rapidly into a towering cumulus (TCU) cloud which typically grows to 20,000 feet in height and three to five miles in diameter.  The cloud reaches the next stage of development in about 15 minutes.

****A CONTINUOUS UPDRAFT IS NORMALLY ASSOCIATED WITH THE CUMULUS STAGE OF A THUNDERSTORM****
****AN INDICATION THAT DOWNDRAFTS HAVE DEVELOPED AND THAT THE THUNDERSTORM CELL HAS ENTERED THE MATURE STAGE IS WHEN PRECIPITATION BEGINS TO FALL FROM THE CLOUD BASE****

****THUNDERSTORMS REACH THEIR GREATEST INTENSITY DURING THE MATURE STAGE****

****IN THE LIFE CYCLE OF A THUNDERSTORM, THE DISSIPATING STAGE IS DOMINATED BY DOWNDRAFTS****


Shelf Cloud – a shelf cloud often indicates the rising air over the gust front

Outflow boundary – an outflow boundary is the remnant of a gust front that continues to exist long after the thunderstorm that created it have dissipated.


Supercell – this thunderstorm type almost always produces one or more of the extremes of convective weather: very strong horizontal wind gusts and/or large hail and/or strong tornadoes.  This is due to thunderstorm structure

Wall cloud – a portion of the rain-free cloud base may appear lower in what is called a wall cloud

Mammatus – the bulges that appear under the anvil of a thunderstorm 
Tornado – a violently rotating column of air which is found below cumulonimbus clouds

Funnel cloud – a tornado which does not reach the surface

Water spout – a tornado that occurs over water

Gustnadoes – near gust fronts and the edges of downbursts, tornado-like vortices known as gustnadoes sometimes occur

Cold air funnel – a cold air funnel is a weak vortex that occasionally develops after a cold front passage in association with rain shower and / or thunderstorm activity.

Hail – another product of strong upward motions; as snow collides with water droplets the droplets freeze in the process known as accretion.  In a thunderstorm, accretion may produce a larger particle that becomes the nucleus of a hailstone.

Lightning – the visible electric discharge produced by a thunderstorm
****LIGHTNING IS ALWAYS PRESENT IN (AND NEAR) A THUNDERSTORM


Stepped leader – the lightning stroke is actually a series of events which begins with a nearly invisible stepped leader that carries electrons from the base of the cloud to the ground, creating an ionized channel for the subsequent discharge

Return stroke – a bright return stroke occurs, marking the route of the positive charge along the original path of the stepped leader, back up into the cloud


Dart leaders – the initial discharge is often followed by several so-called dart leaders and more return strokes


Initial lift – when the surface layer is lifted a sufficient distance, strong convection occurs.  Initial lifting is the minimum amount of vertical displacement necessary to release the instability.

****THE CONDITIONS NECESSARY FOR THE FORMATION OF CUMULONIMBUS CLOUDS ARE MOIST, UNSTABLE AIR AND A LIFTING ACTION****


Lifted index – a practical approach to the evaluation of the potential instability requirement for thunderstorms is to use a stability index.  The lifted index is the difference between the observed 500 mb (~18,000 feet) temperature and the temperature that a parcel of air would have if lifted from near the earth’s surface to the 500 mb level.

Lifted index (0 – 2) = weak chance of severe thunderstorm
Lifted index (-3 – -5) = moderate chance of severe thunderstorm

Lifted index (< = -6) = strong chance of severe thunderstorm

****THE LIFTED INDEX IS THE TEMPERATURE DIFFERENCE FOUND BY SUBTRACTING THE TEMPERATURE OF A PARCEL OF AIR THEORETICALLY LIFTED FROM THE SURFACE TO 500 MILLIBARS FROM THE EXISTING TEMPERATURE AT 500 MILLIBARS****

Squall line – a squall line or instability line is a broken or continuous line of thunderstorms not necessarily associated with a front.

****EMBEDDED THUNDERSTORMS ARE THUNDERSTORMS THAT ARE OBSCURRED BY MASSIVE CLOUD LAYERS AND CANNOT BE SEEN****

****THE MOST SEVERE WEATHER CONDITIONS, SUCH AS DESTRUCTIVE WINDS, HEAVY HAIL, AND TORNADOES ARE GENERALLY ASSOCIATED WITH SQUALL LINES****

****SQUALL LINES ARE NOT NECESSARILY ASSOCIATED WITH FRONTS AND MAY CONTAIN EITHER OR BOTH AIRMASS AND SEVERE THUNDERSTORMS****

****SQUALL LINES MOST OFTEN DEVELOP AHEAD OF A COLD FRONT****


Dry line – the moisture boundary which is called a dry line is apparent in the distribution of surface dew point temperatures


Mesoscale convective complexes – These are nearly circular clusters of thunderstorms that develop primarily between the Rockies and the Appalachians during the warmer part of the year.

Ch 10 – Local Winds

Local winds – refer to a variety of mesoscale circulations other than thunderstorms


These local wind circulations fall into two broad categories:


Thermally driven local winds – caused by local differences in radiational heating or cooling; most noticeable when large-scale wind systems are weak or absent


Externally driven local winds – produced when strong winds interact with the local terrain; most noticeable when strong large scale wind systems are present
Section A: Thermally Driven Local Winds

Sea breeze – pressure difference so small that you can’t observe it in the isobar patterns on a surface analysis chart; it is large enough to cause cool air to begin moving across the coastline toward land in late morning; this is the sea breeze
Sea breeze circulation – the combined sea breeze and return flow are called the sea breeze circulation

Sea breeze front – the boundary between the cool inflowing marine air and the warmer air over land is narrow and well defined; this feature is known as the sea breeze front
Land Breeze – a few hours after sunset, the land surface near a coast line has cooled much more rapidly than the nearby water surface; when the land becomes colder than the ocean, the pressure gradient across the coast reverses so that the lower pressure is offshore; the low level flow which begins to move from land to sea under the influence of this pressure difference is called the land breeze 
Land breeze circulation – the land breeze circulation is also made up of a ground level breeze and an opposite return flow aloft, the reverse of the sea breeze circulation

Upslope wind – the hillside deflects the air producing an anabatic or upslope wind; a return flow is found above the mountain
Valley Breeze – if the mountainside is part of a valley, the upslope flow may be part of a larger scale valley breeze which is also directed toward higher terrain; the daytime valley breeze flows up the centerline of the valley and toward the warm slopes; an opposing return flow is found aloft
Valley breeze circulation - above the mountaintops a weak return flow known as an anti-valley wind is found; the valley breeze in combination with the return flow is called the valley breeze circulation

Downslope winds – the pressure gradient reverses and katabatic or downslope winds develop along the hillsides
Mountain Breeze – on the larger scale of the valley a mountain breeze blows down the valley with a return flow or anti-mountain wind above the mountaintops
Mountain breeze circulation – on the larger scale of the valley a mountain breeze blows down the valley with a return flow or anti-mountain wind above the mountaintops; this configuration is known as the mountain breeze circulation


Drainage winds – cold dense air sinking down the slopes strengthens the downslope and mountain breezes, just as upslope and valley breezes are intensified by warm air rising in convective currents.  Gravity is effective in causing the air to move downward as long as the air near the slopes remains cooler than the air away from the hills at the same level.  Small scale flows of this type are called drainage winds
Cold Downslope Winds – cold dense air sinking down the slopes strengthens the downslope and mountain breezes just as upslope and valley breezes are intensified by warm air rising in convective currents

Glacier wind – A shallow layer of cold, dense air flows rapidly down the sloping surface of the glacier.  Gravity accelerates this glacier wind as it moves downslope so the strongest winds occur at the lower end or toe of a glacier.  The maximum speeds depend on the length and steepness of the slope of the glacier and the free-air temperature.  Extreme examples of such winds are found along the coast of Antarctica.

Bora – An example of an extreme cold downslope wind is the Bora.  It develops along the coast of the former Yugoslavia in the winter.  The terrain slopes steeply from the Adriatic Sea to about 2,000 feet AGL.  Gravity accelerates shallow, cold airmasses moving from the east, down the steep mountain slopes to the sea.  In extreme cases the cold air reaches the coast with speeds in excess of 85 knots.  
Section B: Externally Driven Local Winds

Mountain Lee Waves – when a stable airstream flows over a ridgeline, it is displaced vertically.  Downwind of the ridge, the displaced air parcels accelerate back to their original (equilibrium) level because the air is stable.  They arrive at the equilibrium level with some vertical motion and overshoot it.  They again accelerate back to the equilibrium level and over shoot only to repeat the wave-like oscillation as they are swept downstream with the horizontal winds.  The mesoscale wave pattern that they follow is known as a mountain wave or mountain lee wave.  It is a particular form of an atmospheric gravity wave.
Atmospheric gravity wave – in a stable atmosphere gravity through stability plays a major role in forcing the parcels to return to and oscillate about their equilibrium level

Lee wave system – all lee waves regardless of their geographic location produce certain common flow features and clouds.  These characteristics are captured in the idealized model of the lee wave system; figure 10-12.  In the lee wave system, airflow through the lee waves is indicated by thin solid lines with arrows.  The mountain (green) is located on the left side of the diagram.  The lower turbulent zone is shaded and characteristic lee wave clouds are shown in white.  
Lee wave region – the lee wave system is divided into two layers, an upper lee wave region where smooth wave flow dominates and microscale turbulence occasionally occurs and a lower turbulent zone

Lower turbulent zone – this is from the ground to just above mountain top level where turbulence is common

Primary cycle – in the lee wave portion of figure 10-12 the most intense lee wave is the first or primary cycle immediately downwind of the mountain.  Successive cycles tend to have reduced amplitudes.  Lee waves have their greatest amplitudes within a few thousand feet above the mountains, decreasing above and below.

****THE CONDITIONS MOST FAVORABLE TO WAVE FORMATION OVER MOUNTAINOUS AREAS ARE A LAYER OF STABLE AIR AT MOUNTAIN-TOP ALTITUDE AND A WIND OF AT LEAST 20 KNOTS BLOWING ACROSS THE RIDGE****
****CRESTS OF STANDING MOUNTAIN WAVES MAY BE MARKED BY STATIONARY, LENS-SHAPED CLOUDS KNOWN AS STANDING LENTICULAR CLOUDS****

Cap cloud – clouds immediately over the mountaintops


Roll cloud – the cumuliform rotor or roll cloud associated with the rotor cumuliform and the smooth lens shaped altocumulus standing lenticular (ACSL) or lenticular clouds in the crests of the lee waves.  Higher lenticular clouds are sometimes reported as CCSL in aviation weather reports.


Altocumulus standing lenticular (ACSL) / lenticular clouds - the crests of the lee waves; higher lenticular clouds are sometimes reported as CCSL in aviation weather reports.


Chinook – a Chinook or foehn is defined as a warm dry gusty wind that blows from the mountains


Warm downslope winds – identified by many different local names.  Although the terms Chinook and foehn are used widely now to describe downslope winds in many geographical areas, they also come from specific regions.
