CHAPTER 1

AIR MASSES

OBJECTIVE:

Determine the formation and characteristics of specific air masses and describe how they are modified after leaving their source region.

INTRODUCTION:

In later chapters we will discuss synoptic scale systems and their development, fronts and their characteristics and local modifications.  Before we can gain a full understanding of these subjects, we must first understand how climatic controls influence the weather patterns in various regions as well as develop an understanding of air-masses and their modifying factors.  In this chapter we will take a look at climatic controls and their influences, air-mass source regions, air mass modifications and how each air mass is identified.  With this knowledge you will develop an understanding of the material taught in later chapters of Dynamics II and III.  We will begin by taking a look at the various climatic controls and their influences.

INFORMATION

INFLUENCES OF CLIMATIC CONTROLS
Definition

Relatively permanent factors that govern the general nature of the earth’s climate are known as climatic controls.  These factors control the variations of the climatic elements.  They control the large-scale climate of an area known as macroclimate.  These include (1) latitude,  (2) the distribution of the continents and oceans, (3) large-scale topography and elevation and (4) ocean currents.

Latitude


Latitude controls the amount of available Incoming SOLar radiATION (insolation) reaching the earth’s surface.  The angle of incidence of the insolation reaching the earths’ surface varies with latitude (Figure 1-1), increasing toward the poles.  As a result, the amount of solar radiation that strikes the surface decreases poleward.  At the equator, the suns’ rays strike the surface directly, thus more energy reaches the earths’ surface.  This variation of insolation makes latitude the most important of all climatic controls.  Generally, higher temperatures occur at lower latitudes (near the equator) and lower temperatures occur at higher latitudes (near the poles).
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Figure 1-1.  Angle Of Incidence

Of all the climatic controls, latitude has the greatest influence on the global distribution of temperature.  As the earth revolves around the sun, the inclination of the earths’ axis with respect to its orbit is essentially the reason for the existence of seasons, thus the seasonal shifts in temperature.  The earth completes one orbit around the sun every 365 days (i.e. every year).  The earth’s axis of rotation is tilted 23.5( off a vertical line through the orbital plane.  The Northern Hemisphere (NH) and Southern Hemisphere (SH) receive varying amounts of sunlight as they tilt toward or away from the sun during the orbital cycle.  

Figure 1-2.  Solar Forcing of the Seasons as the Earth Orbits the Sun
Summer Solstice


During the summer solstice, the Northern Hemisphere (Southern Hemisphere) tilts most directly towards (away from) the sun.  It is the longest (shortest) day in the NH (SH) with 24 hours of daylight (darkness) poleward of the Arctic (Antarctic) circle at 66.5(N (66.5(S).  In the NH (SH), the noonday sun angle is highest (lowest) in the sky as the sun’s rays are vertical to the earth’s surface at the Tropic of Cancer at 23.5( N.  The summer solstice is the first day of summer (winter) in the northern hemisphere (southern hemisphere)

Winter Solstice


During the winter solstice, the Northern Hemisphere (Southern Hemisphere) tilts most directly away from (towards) the sun.  It is the shortest (longest) day in the NH (SH) with 24 hours of darkness (daylight) poleward of the Arctic (Antarctic) circle at 66.5(N (66.5(S).  In the NH (SH), the noonday sun angle is lowest (highest) in the sky as the sun’s rays are vertical to the earth’s surface at the Tropic of Capricorn at 23.5( S.  The winter solstice is the first day of winter (summer) in the northern hemisphere (southern hemisphere)

Spring (Vernal) Equinox


During the vernal equinox, both the northern and southern hemisphere receive the same amount of sunlight.  The days and nights are 12 hours long everywhere in both the northern and southern hemisphere.  The sun’s rays are vertical to the earth’s surface at the equator.  The vernal equinox marks the first day of spring (fall) in the NH (SH) as the sun’s most direct rays are in transition from the southern hemisphere to the northern hemisphere. 

Fall (Autumnal) Equinox


During the autumnal equinox, both the northern and southern hemisphere receive the same amount of sunlight.  The days and nights are 12 hours long everywhere in the northern and southern hemisphere.  The sun’s rays are vertical to the earth’s surface at the equator.  The autumnal equinox marks the first day of fall (spring) in the NH (SH) as the sun’s most direct rays are in transition from the northern hemisphere to the southern hemisphere. 


The highest (lowest) temperatures lag behind the summer (winter) solstice by 30-45 days primarily because of the very large specific heat of the oceans and snow/ice feedback process.  The huge specific heat of oceans causes large lags in temperature change behind solar forcing during the winter and summer (i.e. NH oceans are warmest in August and coldest in February).  The snow accumulation and ice melt processes forces temperature response to lag behind solar forcing in higher latitudes.  

Moisture and precipitation


Latitude also has an important influence on moisture and precipitation. (Figure 1-3)  Generally, equatorial regions (where there is more ocean area than continents) will receive more precipitation than polar regions.  This is also due, in part, to the global temperature distribution, with warm temperatures near the equator and cold temperatures found near the poles (recall, warm air rises and cold air sinks).
[image: image2.jpg]MILLIMETERS

1750

1250
1000
750
500
20

80° 60° 50° 40° 30° 200 100 O 100 200 307 40° 50° 60° 80°

Sl ‘/“F o7

NORTHERN HEMISPHERE EQUATOR 'SOUTHERN HEMISPHERE

GENERAL CIRCULATION WITH
PRECIPITATION AND EVAPORATION





Figure 1-3.  Annual Precipitation (dark line) And Evaporation (white area)
General Circulation



Latitude influences the location of semi-permanent pressure systems.  The general circulation of the atmosphere refers to the average flow of air over the entire globe.  It serves to transport warm air from tropical regions poleward and maintains a return flow of cold air from the poles equatorward.  

Three Cell Theory


A model that describes the air flow, in the vertical, above the earths’ surface is called the Three Cell Theory.  Recall that tropical regions receive an excess of energy while polar regions have an energy deficit.  In each hemisphere, three circulation cells act to redistribute energy.  From the equator to 30o  N/S latitude, the cell formed is referred to as the Hadley Cell.  This cell is a thermally direct circulation.  From 30o  to 60o  N/S latitude, the cell formed is referred to as the Ferrell Cell, a thermally indirect circulation.  And, from 60o  N/S latitude to the poles, the cell formed is referred to as the Polar Cell, a thermally direct circulation (Figure 1-4).
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Figure 1-4.  Three Cell Theory

Latitudinal differential heating influences the formation of semipermanent pressure systems and, consequently, the direction of the prevailing winds.  The equatorial trough is generally found between 10oN and 10oS and can be characterized as a belt of low pressure at the surface.  This is the region where the easterly trade winds from both hemispheres converge toward low pressure.  It is a warm, moist region of rising air with heavy precipitation.  The equatorial trough is also known as the Inter-Tropical Convergence Zone (ITCZ).  Diverging air in the upper troposphere moves poleward.  The equatorial trough results from intense solar heating of the tropics. 


Subtropical highs develop at the surface near 30oN/S; a direct result of the convergence aloft between the Hadley and Ferrell Cells.  Diverging winds separate easterly trade winds from prevailing westerlies.  They contain warm, dry regions of sinking air (subsidence).  In regions associated with the maximum subsidence (southeast quadrant), major deserts may be found over continents (desert belt). 


Subpolar Lows occur where the polar easterlies and prevailing mid-latitude westerlies converge toward a zone of low pressure associated with the polar front.  Subpolar lows are very stormy with extensive regions of precipitation. They are created by the lifting and divergence aloft associated with the polar front and the jet stream.


Polar Highs  develop near the poles.  These are a result of the convergence aloft and resulting subsidence between the polar cells.  They are cold, dry and very stable regions of sinking air.  The Arctic high, in the northern hemisphere, is strongest in the winter.  See figure 1-4 for typical locations of semiperminent pressure systems.


Semipermanent pressure systems influence climatic elements.  They determine the prevailing winds which, in turn, influences temperature advection, atmospheric stability, and the availability of moisture.

Distribution of Continents and Oceans

The distribution of continents and oceans and their influence on temperature is second in importance only to latitude as a temperature control.  Land areas have a lower specific heat than ocean areas, so there is less heat storage and larger daily and seasonal temperature ranges.   Oceans and coastal regions have a larger specfic heat, so there is greater heat storage and smaller daily and seasonal temperature ranges.  Coastal area temperatures are heavily influenced by adjacent ocean temperatures. 


All phenomena connected with atmospheric moisture are related to the distribution of land and water.  Land areas are generally dryer (i.e. Northern Plains of United States, Sahara Desert), but some land areas, particularly in the tropics, have extremely heavy precipitation (i.e. India, Brazil).  Oceans and coastal regions are generally moister (i.e. tropical West Pacific Ocean, coast of Washington/Oregon), but some oceanic/coastal regions have very little precipitation (i.e. East Pacific Dry Zone over the ocean east of Peru, Southern California coast).  Frozen areas are usually very dry (i.e. Hudson Bay in winter, South Pole). 


Remember that the atmosphere must be lifted for precipitation to occur.  Although moisture may be plentiful in the air near the surface, no precipitation will occur unless the air is lifted by various processes. 
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Figure 1-5.  Average Annual Sea-Level Pressure and General Wind Patterns on a homogenous Earth.

The general circulation pattern will be affected by land/water distribution, effectively breaking up the beltsof semipermanent high and low pressure systems in the mid-latitudes.  Some examples include Siberia, where intense high pressure in winter creates radiational cooling of the land under mostly clear skies and little if any solar radiation.  Upper tropospheric convergence and subsidence are promoted by favorable jet stream and Rossby wave patterns west of large oceans in the mid and high latitudes.  This effectively breaks up the subpolar trough.  Thermal lows in the Desert Southwest U. S.  and Arabian deserts in summer are due to the surface heating of land from intense solar radiation, effectively breaking up the subtropical highs.  


Subtropical highs are best developed over open oceans in the mid-latitudes and subtropic regions.  

Examples include the North Pacific High and the North Atlantic (Bermuda) High.  The prevailing winds, temperature advection, availability of moisture and atmospheric stability differ from one side of the subtropical high to the other.  On the western side, southerly winds, warm temperature advection and positive moisture advection decreases atmospheric stability.  The air is more likely to rise in this region.  On the eastern side, northerly winds, cold temperature advection, and negative moisture advection increases atmospheric stability.  Air is more likely to sink in this region. 
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Figure 1-6.  Quadrants of Subtropical High

Subpolar lows are best developed at higher latitudes over open oceans during the winter.  Examples include the Aleutian Low (North Pacific) and the Icelandic Low (North Atlantic).  Development of the subpolar lows is aided by the available moisture and relative warmth of the ocean (compared to the continents) at that latitude, thus reducing the stability of the atmosphere.  Upper tropospheric divergence and lifting are promoted by favorable jet streams and Rossby wave patterns east of large continents.  

Figure 1-7.  East Asian/North Pacific Wave/Jet Stream Pattern (Holton 6.2/6.3)
Local circulations are also produced due to the temperature differential between land and ocean areas.  (Discussed in depth in mesoscale section).

Large-Scale Topography and Elevation

Large-scale topography modifies other climatic controls.  Mountain ranges which are oriented  parallel to the prevailing wind flow may not greatly modify climate.  However, zonally oriented mountains parallel to the jet stream may separate cold climates north from warm south climates (i.e. Himalayan mountains separating cold Siberia from mild India). 

Figure 1-8.  Figure showing cold Siberia and mild India separated by Himalayas

Mountain ranges oriented perpendicular to the prevailing wind flow will have a greater effect on the modification of the climate, particularly downstream of the mountains.  As air ascends the windward side of a mountain range, the air cools adiabatically and condenses.  There is an abundance of cloudiness and precipitation.  As air descends the leeward side of the mountains, the air warms adiabatically and dries.  Examples include the Hawaiian Islands in the Pacific northeast tradewinds and the Cascade mountains of Oregon and Washington in the mid-latitude westerlies. (Figure 1-8)
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Figure 1-9.  Annual precipitation based on topography

Mountains can act as a region of elevated heating under intense solar radiation.  This heating generates thermal instability and uplift.  This in turn promotes abundant thunderstorm activity.  Elevated heating of large mountain ranges during the summer promotes synoptic scale low pressure development and extensive circulation changes throughout the troposphere.  An example of this would be the Southeast Asian monsoon circulation induced by the Himalayan Mountains. 

Figure 1-10.  Southeast Asian Monsoon
Figure 1-11.  Mountain heating in summertime (Colorado Springs)
Ocean Currents

The primary cause of ocean currents is the frictional effects of the winds circulating around the semipermanent pressure systems.  They tend to follow closely the flow patterns around the system dominating the area.  Warm currents are located on the east coasts of continents and cold currents on the west coasts (both hemispheres).  These currents will have a definite effect on coastal climates as well as on high and low pressure systems that transit across them.  A secondary cause of ocean current formation is the difference in density produced by variations in temperature and salinity (called salinity currents).


Upwelling is a process by which colder subsurface waters are brought to the ocean surface.  This phenomena occurs on the west coasts of continents.  Wind flowing around the subtropical high parallels the coast, with winds directed form the land to the ocean.  Due to the rotation of the earth and resulting coriolis force, surface waters are transported to the right of the flow, away from the coast.  The frictional stress of winds directed from the land to ocean transports surface water away from the land.  As a result, colder water from the subsurface rises to replace the exiting surface water (Figure 1-11).  The weather associated with this condition along the coast is cool and damp with very high relative humidity, but low dew points.  Along the coast, fog and stratus with little or no precipitation prevails because of enhanced stability.  Inland, the weather is hot and dry with very low relative humidity as the air temperature rises, but the dew point stays low. 
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Figure 1-12.  Upwelling Off The California Coast

Ocean currents have a major influence on climate, with a greater influence downstream from the current than upstream.  Storms are enhanced over the warm currents.  In the mid-latitudes, polar front cyclones favor sharp temperature gradients between cold and warm surfaces (i.e. cold and warm water or cold land and warm water).  In the tropics, hurricanes favor warm water.  Storms are generally suppressed over cold currents.  Western coastlines (between 20o and 40o) are bordered by cold upwelling currents.  The coast will experience small diurnal/annual temperature ranges.  Periodic precipitation will develop in the winter, as storms migrate further south.  Dry summers will prevail.  West coasts (between 40o and 60o) are bordered by relatively warm currents.  Summers are cool, winters are mild and wet.  Small annual temperature ranges are experienced.  Eastern seaboards (between 20o and 40o) are bordered by warm currents.  Moderate temperature ranges abound with warmer temperatures.  Frequently, showery precipitation occurs due to greater thermal instability promoted by warmer air temperatures and higher dew points.  East coasts (between 40o and 60o) are bordered by cold currents.  Winters are very cold, summers cool.  Annual temperature ranges are large.  East coasts are frequently affected by storms tracking off-shore. (Figure 1-12)
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Figure 1-13.  Ocean Currents And Climate
AIR MASSES 

Definition


An air mass is defined as a widespread body of air with similar (homogenous) temperature and moisture characteristics in any horizontal direction at any selected altitude (most relevant in the lower troposphere).  


An air mass source region is a large area of generally level terrain, light winds and uniform temperature and moisture characteristics, usually located outside of the middle latitudes.  Large, stagnant regions of high pressure make the best source regions because the air remains in contact with the homogenous surface for longer periods of time and is better able to acquire temperature and moisture characteristics of that underlying surface.  Source regions may undergo large seasonal variations in size due to changes in the shortwave and longwave radiation budgets.  Some source regions are only active in certain seasons.  In the summer, greater solar heating produces dramatic warming of many polar regions and extensive melting of ice and snow fields.  In the winter, the polar regions are dominated by long nights and prolonged radiational cooling, leading to much colder and drier air masses. 


An air mass modification is an air mass that is changing its properties.  As the air mass moves over a surface of different moisture and temperature characteristics, it begins to acquire these traits.  As the air mass is forced to rise and/or sink due to terrain influences, such as mountain ranges, it will also undergo modification. 
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Figure 1-14.  Air Mass Source Regions
CLASSIFICATION OF AIR MASSES
(Geographical) Source Region Indicator


The geographical source region indicator denotes the region in which the air mass acquired its temperature properties.  The arctic and Antarctic (A) regions implies very cold regions of the earth.  Polar (P) regions implies cold to cool regions, but not as cold as arctic regions.  Tropical (T) regions are warm to hot.  

Moisture Indicator


The moisture indicator denotes the type of surface over which the air mass acquired its moisture properties.  There are two major surfaces on the earth, land and water.  An air mass that forms over land is called continental (c) meaning dry (of continental origin).  An air mass that forms over water is called maritime (m) and implies moist (of oceanic origin).

Stability


Stability is normally not a good indicator of an air mass type because stability within the same air mass may fluctuate from place to place, depending on the relative temperature (and possibly moisture content) of the air associated with jet stream troughs and ridges in the middle and upper troposphere.  Much colder air aloft may make the surface air mass unstable, or much warmer air aloft may make the surface air mass stable.  The relative temperature and moisture content of the surface below the air mass may also cause changes in stability.  A surface colder than the overlying air mass may make the air mass stable, or a surface warmer than the overlying air mass may make the air mass unstable.  

AIRMASS CHARACTERISTICS

Identifiers are used to tell us where the air-mass originated, moisture content and what type of modifications have taken place.  First let’s take a look at the source region identifiers and characteristics of the different air-masses.

Continental Polar (cP)

This air-mass forms in the northern regions of Canada, Alaska, Siberia and sometimes northern Europe.  They can also be found over frozen oceans, such as the Arctic Ocean, where moisture transfer from the ocean is inhibited by the ice cover.  (i.e. slow sublimation).  The source region greatly expands in the winter.  Continental polar source regions are associated with polar high pressure systems over land or frozen oceans which intensify in winter and weaken in summer (i.e. Canadian High, Siberian High).  These air-masses are typically cold, dry and very stable in its source region.  


The winter characteristics of cP include strong surface based inversions often observed in the source region.  Dry and cold (below freezing, and many times <0( F) in source region.  Frozen polar water bodies also may act as source regions (i.e. Arctic Ocean), although air mass temperatures may be somewhat higher over adjacent land areas. Clear skies generally prevail.  The summer characteristics of cP include relatively low temperatures, but generally > 32( F in the source region, except over ice and snow.  Relatively low dew points give a dry character to the air mass. 
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Figure 1-15.  cP Air Mass Skew-T
Continental Arctic (cA)


Source regions for cA air masses include Greenland, the northern parts of Siberia, Alaska and Canada in winter, and Antarctica (late Fall, Winter, early Spring only).  Characteristics of cA include an extreme form of cP air mass.  Continental Arctic air is normally shallow, extremely cold, and extremely dry.  It is generally extremely stable in its source region.  cA is produced by extreme radiational cooling over continental snow packs during the winter.  Long periods of clear skies promote its development.   Amplification of the longwave ridge over Alaska and the eastern Pacific, and the longwave trough over eastern North America usually allows portions of this arctic air mass to push southward, sometimes traveling all the way to the Gulf of Mexico.  


cA is associated with semipermanent high pressure systems, some of which contain extremely high central pressures due to the extreme coldness of the air column.  (Examples: extremely cold Canadian High and Siberian High events).  The eastern sides of cA high pressure systems in polar regions often reside beneath extremely low heights of isobaric surfaces on the western side of deep troughs.  These low heights with the upper level trough are indicative of very cold air in the lower troposphere.  When these low heights overlay cA air near the surface, extremely low 1000-500 mb thicknesses, < 500 decameters, are fairly common near cA source regions in these situations).  The center of a cA high pressure system in polar regions often does not reside under the lowest 1000-500 mb thickness.  Yet, the coldest surface temperatures are generally found near the high’s center, where radiational cooling is maximized.  Higher thicknesses are in response to warmer air aloft (due to subsidence) which tends to raise the mean-layer temperature.  This warmer air is separated from the extremely cold cA air below by a pronounced temperature inversion.  Sharp inversions in the lower troposphere are often associated with (1) extreme radiational cooling of the surface during the polar night and (2) compressional warming aloft due to subsidence.


Some interesting notes about continental arctic air masses.  Siberian cA is the coldest cP air mass in the Northern Hemisphere.  Antarctic cA is the coldest air mass in the world (-129(F is the world record there.  Canadian cA often originates in Siberia and moves eastward across Alaska into Canada. 

Maritime Tropical (mT)


The source regions for mT air masses are the tropical and subtropical ocean where the subtropical high-pressure systems are found.  Oceanic subtropical high pressure systems reside within the mT source region (e.g. Bermuda-Azores High in the Atlantic).  Trade winds are dominated by the mT air mass.


The mT air masses are very warm and moist in low levels.  The eastern side of the subtropical high is cooler and generally more stable than the western side.  This region is dominated by southward-moving mP air which has not yet acquilred true mT characteristics.  A stong subsidence inversion normally dominates this area.  This subsidence inversion is known as the “trade wind” inversion within the trade winds on the equatorward side of the subtropical high.  
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Figure 1-16.  mT Air Mass Skew-T Displaying Trade Wind Inversion

The western side of the subtropical high is dominated by true mT air with warmer and potentially more unstable conditions prevailing.  The subsidence inversion is usually much weaker here, thus clouds and precipitation will be more prevalent.  However, strong subsidence inversions can develop here, depending on the situation. 


General characteristics of the mT air mass include being very warm and moist in the low levels.  Subsidence and associated subsidence inversion, prevents the distribution of moisture to high levels (eastern portion and within most of the trade winds).  However, weather systems or terrain may weaken or destroy this inversion, allowing mT air to locally moisten the mid and upper troposphere through convection (e.g. tropical “easterly” waves within the trade winds).


The northeast and southeast trade winds advect mT air from the subtropical highs of each hemisphere into the equatorial ITCZ.  Convergence of trade winds along the ITCZ lifts the mT air, producing thunderstorms and very moist conditions throughout much of the troposphere.  This low latitude air is sometimes classified as an “equatorial” air mass.  However, it contains the same surface characteristics as the mT air mass. 

Figure 1-17.  Satellite Image of Tropical Wave
Maritime Polar (mP)

The source region for the mP air mass is the cold unfrozen ocean areas poleward of 45o N/S.  The source region may be farther south, particularly off the west coast of mid latitude continents, due to northerly currents and upwelling.  It is associated with prtions of high or low pressure systems which reside over relatively cold water, generally poleward of the polar front.  The mP air masses  form from the modification of another air mass moving over cold ocean areas.


Characteristics of the mP air mass are controlled by two main factors.  (1) The origin of the body of air that was modified to mP and (2) the amount of time spent over water.  cP, cA or mT could be the original air mass prior to modification to mP.  A cP or cA air mass moves over a cold ocean surface (ocean surface may remain unfrozen even to temperatures as low as 27(F., depending on salinity).  The cP or cA air may initially be much colder than the ocean; thus the cool ocean is “relatively warm” compared to the air and the ocean transfers heat and moisture to the “cold”, dry air mass.  Conversion to mP then occurs.  Thermal instability is common in the lower troposphere, and steam fog and even convective snow showers, may develop.  This modification is common off the northeast coast of continents such as North America and Asia, and the resulting mP air may be much colder than other mP air on the other side of the ocean.  The modification of a cP or cA air mass into mP may be quite rapid.  A well defined front is often present between this mP air and tropical air masses farther equatorward.


Modification of mT air masses into mP occurs when a mT air mass moves over a cold ocean surface.  The mT air is initially much warmer than the ocean; thus, the “cool” ocean removes heat from the air mass.  Also, the ocean surface is many times colder than the mT air’s dew point temperature.  Thermal instability is enhanced in the lower troposphere.  The cooling of this mT air often forces the temperature to lower to the dew point, thus producing saturated conditions with extensive sea fog.  The modification of mT to mP air mass may be gradual, and no well defined fronts may be evident between the two air masses.


The time spent over water also modifies the characteristics of the mP air mass.  
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Subpolar lows, such as the Aleutian or Icelandic lows frequently incorporate extensive regions of mP air into their circulations.  These lows intensify and shift equatorward in winter.  Maritime Polar is the predominate air mass west of the Rocky Mountains and western Europe.  General characteristics of the mP air mass include being cool and moist in the low levels.  There is very little diurnal temperature variation.

Figure 1-16.  mP Air Mass Skew-T Displaying Trade Wind Inversion
Continental Tropical (cT) 

The source region for cT are the subtropical deserts (summer only) or tropical dry regions.  Summer characteristics include being hot and dry.  cT is often accompanied by shallow “heat low pressure systems”.  Dry conditions favor very hot days and rapid cooling at night (large diurnal temperature range).  It is unstable in low levels during the day with, often, a super adiabatic lapse rate.  However, low dew points limit cloud development.  The super adiabatic lapse rate promotes turbulence and dust devil formation.  cT is stable at night, and is often observed with a radiation inversion.  Low and middle clouds are rare as low dew points limit cloud development.  Late afternoon cumulus, towering cumulus and cumulonimbus  are possible, forming primarily near mountains (elevated heating source).  These clouds are usually high based (8,000 – 10,000 feet).  Thunderstorms generally produce very little rain, but regularly produce strong winds and lightning.  These thunderstorms often form in elevated moist layers advecting over the top of cT air masses. The thunderstorms do not form from the dry cT air mass.  Thin, high cirrus clouds, associated with the subtropical jet stream occur quite often in the upper troposphere over subtropical deserts.  

Figure 1-17.  cT Air Mass Skew-T
AIR MASS MODIFICATION


Air masses may be modified in various different ways, involving different parameters.  The parameters we will examine as air mass modifiers are: (1) thermodynamic modification, (2) topography,  (3) trajectory and (4) the age of the air mass.

Thermodynamic modification

Thermodynamic modification is characterized by changes in the temperature and moisture content of the air masses.  This implies changes to the air’s density.  These changes occur because of an air mass coming in contact with an underlying surface of different temperature and moisture properties.  The amount and rate of modification is dependent upon the magnitude of the air/surface temperature and moisture differences.  It is also dependent on the residence time of the air mass over the modifying surface.  Thermodynamic modification can also occur by the vertical displacement of the air mass by topography or other means. When the air is colder than the underlying surface, the air is warmed from below, resulting in low level instability.  When the air is warmer than the underlying surface, the air is cooled from below, resulting in low level stability.  


Moisture can be added to the air mass by evaporation (liquid) or sublimation (frozen) from the oceans (most important), lakes and rivers, moist ground and ice and snow (very little).  The addition of moisture may affect the stability of the air mass.  If the temperature remains constant, the addition of water vapor will decrease air mass stability. For example, dry air moving over water.  Without heating from an external source (such as the sun or warm water), the addition of water vapor will increase stability through evaporative (or sublimative) cooling of the air.  (i.e., rain falling through dry air).  The removal of moisture through condensation (liquid), deposition (solid), and precipitation may affect stability.  If the temperature remains constant, a decrease of water vapor will increase air mass stability (i.e. moist air mixing with dry air).  Without cooling from an external source (such as a cold surface or radiational cooling), removal of water vapor through condensation or deposition will decrease stability through latent heating of the air.  (i.e. cloud formation from condensation). 

Topography


Topography also plays an important role in air mass modification.  In the mountains, the amount of modification is influence by mountain orientation with respect to wind direction and mountain altitude.  Air masses lifted over large mountain ranges experience extreme modification.  On the windward side, moisture is removed through precipitation.  The stability decreases due to orographic lift (due to moisture removed during condensation).  On the leeward side, the air is adiabatically warmed and dried.  The stability increases due to subsidence.  Air masses which move parallel to mountain ranges experience little change.  The greatest effect of unfrozen lakes is generally observed on the lee-side.  cA or cP air masses crossing large, relatively warm lakes (generally in fall and early winter) will experience intense warming and moistening from below.  Steam fog and intense vertical mixing may result.  Significant rainshowers/snowshowers may result from the 5000 to 6000 foot tall convective clouds.  Stratocumulus may persist for several hundred miles downstream of lakes, particularly in cyclonic wind flow.  Air mass modification is much reduced over frozen lakes and the above phenomena may not be observed. 

Trajectory


The trajectory of air parcels influences the type of surface and topography encountered, thus affecting air mass modification.  However, the curvature of the trajectory may also influence the vertical motion, and, potentially, the stability of the air mass. 

Cyclonic Trajectory


A cyclonic trajectory increases frictional convergence in the boundary layer.  Mass convergence increases the air mass thickness (i.e. the air mass deepens).  Mass convergence forces ascent at the top of the boundary layer, which decreases air mass stability.  Moisture convergence in the boundary layer decreases air mass stability by raising the dew point and virtual temperarture.  A cyclonic trajectory indicates air mass involvement with a synoptic-scale cyclone and, possibly, jet stream lifting mechanisms. 
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Figure 1-18.  Cyclonic trajectory
Anticyclonic Trajectory


An anti-cyclonic trajectory increases frictional divergence in the boundary layer.  Mass divergence decreases the air mass thickness (i.e. the air mass becomes shallower).  Mass divergence forces descent at the top of the boundary layer which increases air mass stability.  Moisture divergence in the boundary layer increases air mass stability by lowering the dew point and, possibly, the virtual temperature.  An anti-cyclonic trajectory indicates air mass involvement with a synoptic-scale anticyclone and associated jet stream subsidence mechanisms.    
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Figure 1-19.  Anti-cyclonic trajectory
Air Mass Age


The longer the air mass is away from the source region, the more modification that is possible. 


The mid-latitudes are affected by many different types of air masses;  however, these air masses have left their source region and usually are experiencing varying degrees of modification.  For example, the United States is not a source region for air masses  (except sometimes for cT in the extreme Southwest U.S.).  Thus, air masses traversing the United States are modifying.  Selected examples of air mass characteristics as they traverse the United States during winter and summer:

NOTE: Most of these air masses traversing the United States have left their source region and are losing some of their original “source region” characteristics.  But often enough, distinguishing temperature and moisture characteristics remain for continued recognition of the original air mass. 


Example:  In winter, a mT air mass over the Caribbean Sea/Gulf of Mexico source region originally displays temperatures in the 80’s and dew points in the 70’s.  Upon traversing cool, coastal waters and colder land over the SE United States, the air mass has experienced some cooling and some loss of moisture (condensation, producing dew and advection fog).  Thus, by the time the modified mT air mass reaches Nashville, TN, temperatures and dew points have fallen to the 60’s.  However, compared to cP and cA air masses over other parts of the U.S., the air over Nashville appears “warm and moist” and retains much of its mT character (in a relative sense).  Meteorologists, understanding that the air originated from a mT source region, continue to label the air moving over Nashville as mT.

Winter Characteristics

cA or cP Air Masses


Winter characteristics of cA or cP air masses are dry, cold and stable over land.  Skies are usually clear at night.  There may be scattered, flattened stratocumulus during the day.  Under brisk, equatorward directed winds on the east side of the anticyclone, visibility is usually excellent.  Light winds near the center of the anticyclone usually reduce dispersion of pollutants.  Intense radiation inversions at night often generate poor visibility and bad air quality.  Daytime heating, although weak, improves the condition, but a persistent subsidence inversion may keep the sky hazy.  Excellent radiation conditions and calm winds in the center of cP and cA anticyclones produce freezes or heavy frost at night.  Only limited modification of air masses occurs when snow cover is extensive.  In extreme conditions, cA air has produced temperatures <0(F as far south as the Gulf Coast.  The boundary between cP or cA and mT exhibits a sharp air mass contrast along the polar front. 


There is rapid modification of the air mass over relatively warm water.  Skies rapidly become broken to overcast as steam fog moistens and warms the boundary layer and extensive decks of stratocumulus (anticyclonic flow) or cumulus (cyclonic flow) develop in the stable layer.   Visibility may be reduced due to steam fog and showers.  Heavy “lake-effect” snow showers may develop and significantly impact locations downwind.  


Winter cP is more stable than summer cP.  East of the mountain ranges, cP or cA air may dam against the mountains instead of crossing over.  This Cold Air Damming of cP or cA is common east of the Rocky Mountains and produces shallow, upslope fog, drizzle, and stratiform precipitation over the Plains.  In addition, a barrier jet often develops in the dammed air and accelerates the cP or cA air mass southward toward Texas and Mexico. 

mP Air Masses


Maritime polar air masses are cool and moist in the low levels.  There is very little diurnal variation. Relatively milder temperatures prevail in both winter and summer.  Widespread stratiform precipitation prevails when the air mass is forced to ascend along a front or in a cyclone.  Modification of the air mass takes place as mP moves inland.  There is greater modification in higher terrain.  mP moving across perpendicular mountains generates persistent stratiform precipitation on the windward side before warming and drying on the leeward side (such as across the Cascades and Rockies in the western U.S.).  Onshore flow lifted against the mountains produces cool, moist conditions, with persistent cloudiness, drizzle, and stratiform precipitation.  Subsidence on the leeward side of the mountains produces warm and extremely dry conditions, thus the air mass is no longer mP.  Pacific mP air masses are limited to the West Coast of the United States because of the massive modification produced by mountains inland from the coast. MP in Europe does not modify very much, as there are no perpendicular mountain ranges.  At high latitudes, over flat terrain, mP may become true cP in roughly a week.  East of the mountain ranges, mP air may dam against the mountains instead of crossing over.  This Cold Air Damming is common east of the Appalachian mountains and produces prolonged periods of dense fog, drizzle, and stratiform precipitation.

mT Air Mass


In the Gulf states, mT air is characterized by mild and moist conditions with much cloudiness.  mT air moving over cold coastal waters or land stabilizes and saturates the air, often generating extensive regions of advection fog and low stratus.  mT air incorporated into cyclones or fronts may result in extensive areas of precipitation.  mT air may become unstable and produce thunderstorms if lifted.  mT air modifies slowly (temperature and dew point fall) as it moves inland over cooler, relatively flat land. 

cT Air Mass 


The cT air mass does not exist in the United States during the winter. 

Summer Characteristics

cA or cP Air Masses


Continental polar and/or arctic air masses are cool and dry in the summer.  Heating from the surface produces unstable conditions in the lower levels, but the dryness of the air mass generally limits cloud development.  Wide daily temperatures range from 40(F to 80(F.  This air mass relieves hot and hummid conditions when it moves southward.  It rarely reaches the southern United States during the summer. 

mP Air Masses

Generally, the characteristics are the same as in winter but with warmer temperatures… cool and moist in the lower levels.  It is very stable in the low levels.  Often, water is cooler than air.  Fog and stratus are common due to further cooling of the air by the water.  The jet stream and subpolar low weaken and move farther north, providing more stability in the upper levels.  

mT Air Masses


Hot and humid in the summer.  Convective instability produces showers and thunderstorms over land in the afternoon and in the pre-dawn hours over coastal waters.  Convective activity is highly variable, depending on the presence of the trade wind inversion (i.e. subsidence inversion) aloft.  Stable stratus/stratocumulus clouds are often observed in the early morning hours along the Texas Gulf coast beneath strong subsidence inversions. 

cT Air Masses

Since the southwest U.S. is a cT source region, many of its effects in the U.S. have already been discussed.  Downsloping winds east of the Rockies also helps promote cT development into the southern Great Plains.  A sharp boundary between cT and Gulf mT air masses is often observed in the southern Plains.  This boundary is known as the “dry line” and is a focus for much severe thunderstorm activity.

SUMMARY

          In this chapter, we have examined air mass classifications and their modifying factors, including influences of climatic controls.  Latitude is the most important, of all controls, on temperature and moisture distribution.  We also learned how land/ocean distribution, topography and ocean currents also play a role in the temperature and moisture distribution throughout the world.  We examined air mass classifications, both in and outside their source regions.  Finally, we learned how these air masses may be modified once outside their source regions.  This basic understanding of climotology pertaining to air masses is essential to your understanding of how systems develop and the basics concepts behind the different type of fronts.  You are now ready to proceed with the dynamics behind surface systems.
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