CHAPTER 4

CONVECTIVE AIR MASSES AND SYNOPTIC PATTERN

INTRODUCTION

In this chapter you will be introduced to recognition of some classic convective weather air masses, synoptic situations often associated with convective weather and more about convective boundary interactions. There is a lot of material in this chapter and much of it will have to be memorized. Once memorized, you will need to be able to apply the information to common weather patterns. Remember, regardless of how they come together in any season or location, convection requires the presence of instability, moisture and lift.
INFORMATION

SEVERE WEATHER AIR MASSES

 Previous research by Fawbush and Miller and later Beebe,  identified four classic vertical configurations of severe weather air masses observable from plotted Skew‑T sounding profiles. They make a good starting point for recognizing severe weather potential based on sounding analysis.
Type I Air Mass (Great Plains -- Loaded Gun)
 The Type I air mass is easily recognized as a very unstable sounding with a lid.  The lid or inversion is due to air mass differences (frontal) and subsidence.
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Figure 4-1.  Loaded Gun Sounding

In many places this air mass is composed of mT air in the low‑levels (average RH > 65%, surface dew point > 55( F), with mP or cP air aloft.  There is an inversion above the moist layer as seen in Figure 
4-1.  This inversion  caps the release of convection that would otherwise occur due to the unstable environment above that level..  Moisture advection and heating continues beneath the inversion priming the atmosphere for a potentially explosive release when storms do initiate (thus the name “loaded gun”).  Winds often increase and veer with height.  This veering maximizes differential air mass advection (> 30( between levels preferable).  Strong winds and or divergence, possibly with a jet streak aloft, provide the additional support for severe storm evolution.  Stability indices work best with the Type I air mass average LI values are -6 and CAPE values are large.

Activity develops, when low-level heating, mechanical lifting, and evaporational cooling of the cloud tops break the inversion. The result is the release of unstable air.  Severe thunderstorms, which can be widespread, violent, and long lasting, develop rapidly.  
Type II Air Mass (Gulf Coast)

Figure 4-2 displays an mT air mass, which is moist at all levels and has no inversions.  The surface temperatures are usually > 80(F with winds normally decreasing with height (lack of  upper-level jet streams).  If there are strong winds aloft it will enhance thunderstorm severity.  Stability indices work well with the Type II air mass. Average LI values are -6 and CAPE values are large. 
This air mass is a good thunderstorm producer, but marginal severe weather producer due to the lack of strong dynamics.  In this air mass type, strong tornadoes are relatively rare (compared to  the loaded gun environment), and they tend to have short narrow paths.  Hail is rare due to a high wet bulb freezing level and lack of dry air; however, hail can still be observed aloft. (It may seem odd to “need” some dry air for large hail formation, but in fact, drier air aloft can be beneficial because it allows for steeper temperature lapse rates than in a moist adiabatic air mass. More instability encourages stronger updrafts, which can then support the formation of larger hailstones!) 
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Figure 4-2.  “Gulf Coast” air mass Sounding
Figure 4-3.  “Pacific Coast” air mass Sounding 
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Type III Air Mass (Pacific Coast ‑ Cold Core)

Figure 4-3 is an example of a  Cold Core air mass, which has cool mP air in the low‑levels (50 - 70(F).  When temperatures are very cold aloft (500-mb cold pool, ‑25 to ‑35(C) instability is still present and thunderstorms are possible.  It is very moist throughout the air mass (average RH > 70%).  Winds increase with height and there tends to be quite a bit of shear,  The TT index works well due to cold 500-mb temperatures.  The LI and SSI do not work well due to low 850-mb temperatures and dew points.

Thunderstorms develop in the mP air to the rear of the well-occluded (cold core) system in the dry slot.  Low‑level surface heating or warm water surface temperatures are essential.  Activity dies after sunset except over water.  Hail is very common due to the low freezing level.  Funnel clouds occur as well as brief tornadoes . 
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Figure 4-4.  Inverted V Sounding
Type IV Air Mass (Inverted V)

This air mass is composed of hot, dry (cT) air in the low-levels with cool, moist (mP) air aloft.  This type is found in arid regions (southwest US) and on the lee‑side of the Rockies.  There is no particular wind configuration.  Stability indices are not representative due to the lack of low-level moisture.  Figure 4-4 displays an Inverted V sounding.

Surface heating and low-level convergence trigger thunderstorms.  Hail can occur, but damaging winds (downbursts) are common due to the availability of low- and mid-level dry air (surface – 700 mb).  Although rare, short-lived, and relatively weak, converging downbursts can produce tornado-like vortices.  The presence of virga and/or blowing dust is a good indicator of possible microburst or downburst activity.

EVOLUTION OF DEEP CONVECTION

Synoptic Scale
Refer to AWS TR 200 (Rev), Chapter 3.  A classic severe weather pattern in the Central U.S. consists of a strong, narrow band of winds aloft (a jet streak at ~300 mb) with a magnitude > 50 knots.  Another relatively strong, narrow band of winds exists between 700 mb and 500 mb with a magnitude >35 knots.  A distinct tongue of dry air in the mid‑ or lower‑levels approaches from the west‑southwest.  A low‑level moisture ridge or tongue is approaching from the south‑southwest with a tight moisture gradient on the windward side.  Primary activity develops where the dry air intrudes into or over the low‑level moisture ridge.  And finally, there must be a trigger or lifting mechanism to release the convective instability. In other regions of the world the jet stream, and advection from other regional moisture sources and/or dry regions can create a similar situation.
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Figure 4-5.  Synoptic Pattern Type A - DryLine

Severe Weather Synoptic Patterns

Miller developed the following classification of severe weather patterns, which is another useful tool when forecasting convection in the CONUS. These same concepts can and should be applied when appropriate to other areas of the world. Note that all these situations bring together the necessary ingredients of instability, moisture and lift!
Type A – Dryline.

Features and Characteristics.  The  Dryline synoptic pattern (Figure 4-5) is common in western Texas, Oklahoma, and Kansas.  The pattern is marked by a well-defined southeasterly flow of moist air from the Gulf of Mexico at the low-levels (surface – 850 mb).  Also, a well-defined west‑southwesterly flow of dry air at the low‑ and mid levels (surface – 700 mb) is positioned upstream from the low-level moisture ridge.  This dry air originates mainly from the high plateau regions of the southwest U.S. and northern Mexico.  A well-defined west‑southwest maximum wind band aloft (500‑300 mb) is present.  There is considerable convergence along the boundary between the moist SE flow and the dry SW flow of air.  Speed convergence is also commonly found upstream from the dryline in the dry air.  The dryline is often associated with a pressure trough and/or windshift line, although neither is necessary for dryline existence.  Vertically, the dry air exhibits a nearly dry adiabatic lapse rate, while an inversion caps the moist air.  The dryline is normally associated with a Loaded Gun (Type I) air mass.

Location Techniques.  To locate the dryline (or any other significant moisture boundary) in a surface chart analysis it is necessary to use a moisture variable.  Mixing ratio, dew‑point temperature, or equivalent potential temperature can be used to identify the transition zone between the moist and dry air.  The 9 g/kg isohume (mixing ratio) or the 55(F isodrosotherm is recommended as the first estimation.    A dew‑point difference > 10(F  is generally observed across the dryline. It should be noted that during the daily evolution of the dryline more than one boundary might be present as the line surges and reforms in another location. Sometimes the dryline is more of a dryline “zone”.
On sensitive modern radars such as the 88-D a thin line of enhanced reflectivity and/or convergence in the Doppler velocity field often marks the location of the dryline. Satellite imagery can also be used to help locate the dryline.  Visible images often depict a thin line of convective clouds above the dryline.  Infrared imagery often shows a boundary of "black stratus" at the dryline.  This nocturnal observation east of the dryline is due to the fact that the moisture content has kept temperatures warmer than in the arid air behind the dryline.

Movement.  The daytime movement of the dryline is generally much faster than advection would support.  One mechanism that accounts for this rapid movement is vertical turbulent mixing of moist, surface air with dry air aloft.  After sunrise, boundary layer mixing starts as surface temperatures rise in response to insolation.  West of the dryline, a surface layer with an adiabatic lapse rate rapidly replaces a nocturnal radiational inversion.  Any moisture trapped beneath the inversion would be freely mixed into the dry air aloft.  The greater the depths of the moist layer on the east side of the dryline, the greater the degree of heating required to break the capping inversion.  Since the general terrain of the Southern Plains slopes downward toward the Gulf, the depth of the moist layer also increases eastward from the dryline location.  When the needed amount of heat has been absorbed, the low‑level moist air mixes with the dry air aloft.  The surface dew‑point temperature drops rapidly, and the dryline "leaps" eastward to a position where no appreciable mixing between the air masses has occurred.  Dryline bulges often form due to enhanced dry air advection driven by strong winds in the dry air, and the vertical mixing of high momentum mid‑level air to the surface.  Enhanced convergence occurs at the bulge.  Use the 700-mb winds to forecast probable location of dryline bulge formation.

In the late afternoon and evening, the dry air-cools rapidly.  A nocturnal inversion forms west of the dryline.  The inhibition of the vertical mixing of momentum leads to a decrease of the low‑level winds in the dry air.  East of the dryline, strong easterly flow continues resulting in a net easterly wind across the dryline.  The dryline is advected westward by these winds.  The entire diurnal process may reoccur the next day as long as it is not interrupted by the passage of a stronger synoptic system.

Threat Area.   The most violent activity occurs in the zone of maximum convergence at and just downstream (NE) of any dryline bulges.  The magnitude of the convergence, and the contrast between the dry and moist air is directly related to thunderstorm intensity.  Maximum convergence and instability usually does not develop until late afternoon (max. heating)The presence of an upper‑level short wave trough above the area of maximum convergence will increase the threat of severe weather.  As always, convergence and the threat for thunderstorms are further enhanced where other boundaries  intersect the dryline.  
The threat area extends from the 500-mb wind max.  to about 200 nm to the right of this band.  The downstream limit will be the maximum eastward displacement of the surface dryline where the air mass remains unstable.

Activity.  Very severe thunderstorm clusters or lines form along the dryline.  The most violent thunderstorms will occur at intersection points between the dryline and other  boundaries.  Large hail, damaging winds, and tornadoes (both supercell and nonsupercell types) are common.  The activity is mainly limited to the late afternoon and early evening, although severe thunderstorms can develop along the dryline during its nocturnal retreat.

Type B - Frontal.  
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Figure 4-6. Synoptic Pattern Type B - Frontal
Features and Characteristics.  The  Frontal Synoptic pattern (see Figure 4-6) features a well-defined flow of moist air in the low levels that may be in the form of a low‑level jet or maximum wind band.  There is a well-developed surface baroclinic low with associated cold and warm fronts.  Dry air behind the cold front is most favorable.  A well‑defined mid‑level (700 mb) dry air intrusion exists from the west‑southwest, along with a well‑defined southwesterly maximum wind band aloft (500 mb) and associated major upper‑level trough to the West.  There is a capping inversion above the warm, moist, low‑level air (Type I air mass).

Threat Area.  Frontal or pre-frontal deep convection (squall line) develops when the surface cold front (or short wave) enters the unstable air mass. Typically, severe storms first break out somewhere near the intersection of the PFJ (500-mb max. wind band) and the low-level jet (850-mb max. wind band).  Look for areas where the greatest warm air and moisture advection are taking place i.e. where the low-level (850 mb) thermal ridge intersects the moisture ridge.

The greatest threat area is from the 500-mb wind maximum to about 200 nm to the right of the axis.  This area correlates to the PFJ and LLJ intersection to 200 nm south of the intersection.  The threat area can also extend north of the intersection.  If a sub‑tropical jet is present, upper‑level divergence between the two upper jets is enhanced and storms that develop in this area become very intense.  The downstream boundary of the threat area is where the air mass is no longer unstable enough to support severe convection.  Cold frontal passage completely clears the threat area.

Activity.  The most violent activity occurs where the squall line intersects a warm front or outflow boundary (meso low and LEWP formation).  The activity mainly occurs during the late afternoon and early evening (max. heating time), but can occur at any hour.  Large hail, damaging winds, and violent long‑lasting tornado families are common.  The  Frontal synoptic pattern is responsible for major tornado outbreaks.

Type C - Overrunning.

Features and Characteristics.  The  overrunning synoptic pattern (see Figure 4-7) occurs where warm, moist, unstable air causes overrunning of a stationary or warm front in the low levels (850 mb).  The strongest overrunning occurs where the 850-mb wind maximum (low‑level jet) intersects the frontal boundary.  There is a well‑defined westerly wind maximum (500 mb – 300 mb) parallel to the warm or stationary frontal boundary.  A short-wave trough will often be embedded in the westerly flow.  A well-defined mid-level (700 mb) dry air intrusion from the Southwest is located upstream from the area of strongest overrunning.  Stability indices work fairly well, but may not show the potential of the air mass to support convection due to cooler low‑level air north of the front.

[image: image7.png]



Figure 4-7.  Synoptic Pattern Type C - Overrunning
Threat Area.  The main threat area lies between the front and the 500-mb wind max. where the strongest overrunning is taking place.  The presence of a short-wave trough propagating through this area will enhance storm severity.  The upstream boundary is approximately 50 nm west of the area of maximum overrunning.  This corresponds to the leading edge (nose) of the 700-mb dry intrusion.  The downstream boundary is difficult to determine.  The only indication is the lack of sufficiently unstable air.  This can be determined by using a stability index analysis.

Activity.  Thunderstorms will remain below severe limits until the mid-level dry air intrudes into the threat area.  A squall line will frequently form along the leading edge of the dry air.   Squall lines that form in this pattern  have strong gust fronts at their leading edge and leave a well-defined meso high in their wake.  Hail is common due to the low freezing level.  Strong, gusty winds will occur with the passage of the gust front.  Tornadoes are not common due to the cool air at the surface, although they can occur.  The activity is  strongest during maximum heating but can occur at any hour.

Type D - Cold Core. 

Features and Characteristics.  The  Cold Core synoptic pattern (Figure 4-8) features cool mP air in the low‑levels with a well‑defined cold pool aloft (500 mb).  This pattern has a well-defined upper‑level (500 mb) closed system with an associated occluded surface low.  The system is nearly vertically stacked.  Relatively clear skies are located behind
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Figure 4-8.  Synoptic Pattern Type D -Cold Core 
the mP front in the dry slot.  Low‑level convergence and, in the strongest cases, low and mid‑level dry air intrusion exists upstream from the low‑level convergence.  The Total Totals Index is one of the best stability indices to use since it reacts to the 500-mb cold pool.

Threat Area.  The main threat area is usually confined to the area beneath the cold pool, in the unstable air.  With surface heating being the major trigger, this must be an area of relatively clear skies.  The most intense activity will occur in the zone of maximum convergence, especially when the dry air intrusion enters the area.

Activity.  Intense thunderstorms form shortly after noon and normally dissipate at sunset.  Funnel clouds are common as are occasional brief tornadoes. Hail is very common due to the low freezing level.  Hail normally increases in quantity and size near the cold core.
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Figure 4-9.  Synoptic Pattern Type E - Major Cyclone 

Type E - Major Cyclone.

Features and Characteristics.  The  Major Cyclone synoptic pattern (see Figure 4-9) is usually associated with  a mature occluded  system.  There is strong, low‑level (850 mb) overrunning of warm, moist, unstable air over a surface warm front.  A well-defined mid‑level dry intrusion, along with strong cold air advection located upstream of the strong overrunning.  Again, stability indices will not show full potential of the air mass to support convection due to the cool low‑level air north of the warm front.

Threat Area.  The main threat area is located north of the warm front where the strongest overrunning is taking place, northward to the 500-mb maximum wind band.  The threat area may extend left of the maximum wind band.  The upstream boundary will either be the position of the occlusion or the 700-mb dry air intrusion whichever is farthest east.  The downstream limit is where the air mass is too stable to support severe convection.

Activity.  The activity becomes severe when the dry air intrusion and cold air advection enter the threat area.  Hail is the most common severe weather phenomenon, although tornadoes do occur with moderate frequency.  The storms are usually strongest during maximum heating time, but can occur at any hour.  This type often forms in conjunction with a  Frontal or Overrunning outbreak since they too are associated with midlatitude cyclones.

Mesoscale Interactions
Boundaries. In general, it appears that severe weather occurs in narrow bands of activity rather than at random locations throughout the threat area.  Narrow corridors often correspond to the forcing associated with the types of boundaries introduced in Chapter 3.    Recall that these convergence zones creating mesoscale lift include fronts, drylines, thunderstorm outflow boundaries, sea breeze/lake breeze fronts and others created by mountains or land use differences. 
If these types of mesoscale boundaries intersect or collide, the convergence is magnified at that location - resulting in stronger upward vertical motions.  If the air mass is unstable, convection will most likely erupt at the intersection point.  The intensity (severity) of the convection will be determined by the degree of instability and the upper‑level dynamic support (presence of a short wave trough).    If the synoptic situation is favorable, severe weather is most likely in the area of the intersection.  
Gust Fronts Intersecting Other Boundaries.  Earlier thunderstorm activity that has dissipated often leaves behind an outflow boundary that can live on long after the convection is gone.  These outflow boundaries can persist for over 12 hours and cover an area over 300 nm.  As discussed elsewhere, especially when the synoptic flow is week they can spread outward in all directions.  The downshear edge of the outflow boundary usually becomes better defined due to the low‑level convergence between the low-level shear and the outflow air.  Visible satellite imagery and the WSR-88D are important for determining the location of these gust fronts.  A thin line of cumulus clouds, or a more solid arc cloud, often outlines the outflow boundary in satellite imagery. On radar a thin line of enhanced reflectivity is often observed and/or convergent flow in the Doppler velocities. The outflow boundary usually persists until the air mass changes due to frontal passage, or nocturnal cooling stabilizes the entire region.

Due to the difficulty of locating outflow boundaries in regular surface observations or at a distance from the radar, these small-scale boundary interactions can be more difficult to detect.  All thunderstorm activity should be monitored and outflow boundaries from all thunderstorms should be expected.  Maintain continuity by informing the next forecaster about known outflow boundaries.
Squall Line Intersecting a Warm Front.  Around the warm frontal boundary, in addition to low‑level convergence there is also a cyclonic wind shift.  The gust front associated with an advancing squall line also contains strong low‑level convergence.   This if and when the two intersect that location has much stronger convergence and upward vertical motion. Convection intensifies dramatically at the intersection and severe weather becomes likely as the updraft intensifies.  This area is frequently associated with the production of tornadoes.    As the squall line moves along the warm front, intense convection continues to form at the intersection point.  Severe weather continues to occur along this path as long as the air mass remains unstable.  The path of the intersection point changes as the warm front moves.
  


Sea Breeze/Lake Breeze Fronts Intersecting Other Boundaries.  This is a special case of interacting boundaries that nearly always produces convection.  Sea/Lake breeze fronts often converge upon each other due to the orientation of favorable coastline shapes such as points and peninsulas.  Frequent intense convection creates a climatological maximum for thunderstorm activity at these locations, including over central Florida where the east and west coast sea breeze fronts often interact.

SUMMARY

In this chapter we discussed the different severe weather air masses and synoptic conditions associated with thunderstorms.  We finished up the chapter talking about boundary interaction.  If the light came on for you, that’s good!  If not, go back and read the area(s) that you didn’t understand.  Again, it is important for you to understand this information.  Later in the course, you will be tasked to analyze radar imagery.  You must have an understanding of what you are evaluating, and you will!

REVIEW EXERCISE 4

1. What is the significance of the dry inversion in the Loaded Gun air mass?

2. Why is severe weather development less likely in a Gulf Coast air mass than in a Loaded Gun air mass?

3. In the Dryline synoptic pattern, why does thunderstorm development often stop about 2100L?

4. What defines the area of the severe weather threat in the Frontal (Type B) severe weather synoptic pattern? 
5. Why is the severe weather threat area in the Cold Core air mass behind the mP front?

6. Why does an intersection of two boundaries provide a favorable location for severe convection to develop?

7. Why are severe weather reports primarily confined to narrow corridors of activity?
8.
In which convective air mass type would you expect most incidences of large hail and why?

9. Why would you not expect dryline thunderstorms in Mississippi?

10.
What type of satellite image would be best for finding drylines and why? 
11.
Why does the dryline often move faster than the steering winds indicate?

12.
What is the difference between the threat areas of the Major Cyclone and Overrunning synoptic situations?

13.
When do thunderstorms associated with the Overrunning air mass often go severe?
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