CHAPTER 1

CONVECTIVE SEVERE WEATHER PHENOMENA

INTRODUCTION

 When forecasting thunderstorms, we are forecasting on a smaller scale.  Before we issue a forecast on thunderstorms, we must understand them.  This chapter will provide you with some understanding on the climatology of convective weather.

INFORMATION

CLIMATOLOGY

Thunderstorms
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Figure 1-1.  US Thunderstorm Climatology 
Thunderstorms occur most frequently over the Southeastern US as seen in Figure 1-1.  The favored season is during the warm summer months.  This area is favorable for air-mass thunderstorm activity because of the destabilizing effect of abundant low-level moisture and surface heating.  A secondary area of thunderstorm activity occurs during the summer nights over the Great Plains. This is due to the combination of the low-level jet and nocturnal cooling of cloud tops.  The maximum in Wyoming, Colorado and New Mexico is largely due to the influence of the Rocky Mountains. Thunderstorms associated with fronts and local topographic features, which are the type that occur most frequently over the rest of the country, can occur in any month. 

Severe Thunderstorms and Tornadoes

Generally, severe convective weather extends from the Continental Divide to the Appalachian Mountains, and Gulf of Mexico to Canada.  Figure 1-2 indicates the favored area for tornadoes known as "Tornado Alley." It includes northern Texas, Oklahoma, Kansas, and Nebraska.  This area is known to have some of the most severe weather in the world.  The season that favors tornadic activity is March through June while March through September is favored for severe thunderstorms.  Severe thunderstorms can occur anytime when conditions are favorable.
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Figure 1-2.  Tornado Alley
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Figure 1-3.  Migration of the PFJ
Severe thunderstorms occur most often in a “baroclinic state” when warm moist air clashes with the cool dry air during the transitional seasons.  Air mass boundary zones include: cP (Canada) with mT (Gulf of Mexico) associated with the polar front and mT with cT (Mexico, southwest US) associated with the dryline.

Strong tornado frequency decreases during the summer due to the lack of strong dynamics aloft (Polar-Front Jet or PFJ) and low‑level thermal contrast.  The favored area shifts with the position of the PFJ.  Figure 1-3 displays the PFJ shift from the Gulf Coast states in the winter, to the southern Plains in early spring. During the mid spring, the PFJ will be over the Central Plains and Midwest. Through late spring and summer, the jet migrates over the Northern Plains and Great Lakes region.  Tornadoes generally move faster and are stronger during late winter/early spring (strong PFJ/low‑level thermal gradient), and are slower and weaker during late spring/summer. Strong tornadoes can and do occur in all seasons though, especially when the environment is very unstable.
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Figure 1-4.  Seasonal shift of heavy rain
Severe thunderstorms/tornadoes are diurnally prevalent during the late afternoon/evening (maximum surface heating), and in the early morning during winter along the Gulf Coast (radiational cooling aloft).  These are times of maximum atmospheric instability.

Heavy Rain

Slow moving or stationary convective cells can produce heavy rain at any time of day especially in mT airmasses when and wherever they occur but especially during the summer when the atmosphere tends to be unstable. Localized heavy rain can also occur anytime convective cells repeatedly form and move over the same area. Any one cell may not produce extreme precipitation, but the cumulative affect of multiple storms passing over the same area can lead to problems. The maximum shown along the Gulf Coast region in August‑September is due to tropical cyclones. In the winter the heavy precipitation maximum tends to be along the West Coast. The coastal mountains are bombarded with moist onshore flow associated with maritime frontal systems. 
Flash Flood 
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Figure 1-5




Figure 1-6

A flash flood is one that rises and falls rapidly usually as a result of intense rainfall over a relatively small area.  Convective storms account for most flash flood events.

The majority of flash flood cases take place during the warm season (April - September) with July being the predominant month (non-tropical in origin).  Flash flood events east of the Rocky Mountains tend to be longer in duration and be associated with greater rainfall amounts than are most events west of the Rocky Mountains. In general it doesn’t take as much precipitation to cause a devastating flash flood in typically arid environments.

Some common synoptic characteristics have been associated with flash flooding.  In flood environments surface dew-point temperatures are very high and precipitable water values (which provide an excellent measurement of the extent of the atmospheric moisture content) are often as high as 150% of normal. Vertical wind speeds and shear tends to be weak to moderate through the cloud depth promoting slow storm motions.
SUMMARY

 Thunderstorms occur worldwide and year round. Their frequency varies based on local forcing features, the availability of moisture to fuel the storms and other seasonal influences. In the CONUS severe thunderstorms and tornadoes are more frequent over the Plains States because of the frequent collocation of unstable air masses and significant wind shear associated with the Polar Front Jet.  Most heavy rain and flash flooding are associated with convective activity.  Your severe weather forecasts will be more successful if you understand the climatic conditions and tendencies associated with convective weather in your forecast area.

REVIEW EXERCISE 1-1

1.
Will thunderstorms over Georgia likely be non-severe or severe in July?  Why? 
2.
What causes thunderstorms to occur over Michigan in January? 
3.
Where will be the most likely place for severe thunderstorm activity in May? 
a.
Connecticut



c.
Nebraska

b.
Utah




d.
Louisiana

4.
In the winter, Oregon receives its maximum rainfall. Why?

5.
Explain why tornadoes in the springtime are more likely to cause widespread damage than summer-time tornadoes.
6.
In the Southwest during what season and time of day would you expect most flash flood events?
CONVECTIVE WEATHER CONDITIONS

Thunderstorms

Thunderstorms are associated with hazardous weather phenomena including lightning, strong winds, hail, turbulence, icing, tornadoes and heavy rain.

Affect on Military Ground Operations.  

Lightning.  Lightning usually stops refueling operations due to the explosive situations that exist on most flight lines.  Personnel, who work outside, must limit their time because of the probability of being electrocuted.  Critical computer centers on base/post must use back-up power (such as Air Traffic Control and the Command Post).

Strong surface winds.  Strong surface winds can accompany thunderstorms.  Convective wind gusts can easily move objects around if they’re not secured.  Surface wind speeds up to 49 kts generally move small objects around the flight line and reduce the visibility due to blowing dust and debris.  Wind speeds > 50 knot can cause damage to structures on the facility and can cause aircraft to be blown around or flipped over.

Hail.  Hail < 3/4 inch is a danger to personnel in exposed areas and will damage weak structures, i.e., windshields in vehicles.  Hail > 3/4 inch could seriously injure personnel in exposed areas and will do significant damage to exposed aircraft, vehicles, and base facilities.

Heavy Rain.  Heavy rain may affect ground operations. Heavy rain reduces visibility and can cause flooding in low-lying areas.

Affect on Aviation Operations.  

Lightning.  Lightning can cause aircraft electrical and structural damage.  The location of the greatest probability of lightning is within ( 5,000 feet of the freezing level.  Freezing levels change quickly with the changing updrafts and downdrafts in thunderstorms. 

Turbulence.  Turbulence can be experienced beneath, in clouds, and/or above clouds.  Turbulence in thunderstorms is usually moderate to extreme in intensity.

Icing.  Icing occurs in areas of both freezing temperatures and high moisture content.  Icing should always be forecast in cumulonimbus clouds.  Aircrew’s experience all types of icing - clear, mixed, and rime when flying through a thunderstorm.  Icing is very hazardous to aircraft because it can accumulate faster than the removable capability of the de-icing equipment.  Icing freezes flight controls and adds extra weight to the aircraft and reduces lift.

Low-Level Wind Shear (LLWS).  LLWS can cause an aircraft to quickly gain or lose lift or forced sideways on takeoff or landing.  Shears between the updraft and downdraft can create severe to extreme turbulence.

Hail.  Hail, approximately 3/4 inch or more in diameter, produces structural damage.

Aircrews are trained that flying through a thunderstorm is extremely hazardous.  In some cases pilots may have to fly in or near thunderstorms because of lack of fuel, mechanical difficulties, or mission requirements.  Forecasters should be able to provide suitable alternate weather in a timely manner.

Tornado Activity

Tornadoes may first appear as either a rotating funnel-shaped cloud pendant from the base of cumulonimbus (CB) and/or a swirling cloud of dust and debris rising from the ground below the cloud.  Tornadoes usually appear in the right rear area of a supercell, or under the updraft of a rapidly growing convective tower.  These areas are where the inflow is entering the storm updraft core. In a supercell storm the presence of a wall cloud indicates the area of the updraft.  Tornadoes generally form on the periphery of the wall cloud and/or under the developing updraft of new cells along the storms flanking line.

Tornado movement.  Primarily the motion of the parent thunderstorm governs tornado movement.  Average movement is from SW to NE with an average speed of 30 mph although they can move in any direction and at speeds anywhere from 0 to 75 mph.  Smaller-scale motion can be in any direction as the tornado often moves in a circular pattern under the parent thunderstorm.

 
Nonsupercell tornadoes. Tornadoes that form with thunderstorms other than classic supercells are referred to as nonsupercell tornadoes. They can form in association with any convective storm and are favored when the environment is very unstable. They occur when a preexisting rotation (most commonly caused by vertical wind shear or a vortex created in a shear zone along a mesoscale boundary) is stretched by the rapidly growing updraft. Tornadoes occur in a continuous spectrum from slightly stronger than a dust devil to the strongest F-5 ever observed. Many of the mysteries of tornado formation have yet to be resolved so for now all convective storms should be considered as a possible tornado threat.
Wind shear.  Wind shear is  a significant reason that tornadoes are so destructive.  Calm wind is often observed just before the tornado strikes. In a matter of a few seconds, speeds sometimes go from 0 to 200 mph.  Directional wind shear of 360( occurs within a few seconds when a tornado moves across a structure.

Pressure Effects. Both due to pressure and force imbalances on structures when they encounter strong winds, a roof can easily become detached. The most common cause is high winds entering the house through broken windows and doors increasing the pressure inside the house and helping to lift the roof off.  This may cause the walls to fall outward which gives the impression that the building exploded.

Tornado damage is rated by the Fujita-Scale:  In the late 1960s, Dr. T. Theodore Fujita, A noted authority on tornadoes, proposed a scale for classifying tornadoes according to their rotational wind speed and damage. See Table 1-1. While this is the most widely used rating system, it has the drawback that the tornado must hit something to be classified. This can be a problem in rural areas and obviously for waterspouts at sea.
Table 1-1.  Fujita Scale
      NUMBER



WIND SPEED



DAMAGE

F0



up to 72 mph




Light


F1



73 to 112 mph




Moderate


F2



113 to 157 mph



Considerable


F3



158 to 206 mph



Severe


F4



207 to 260 mph



Devastating


F5



Above 261 mph



Incredible

.  
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  Figure 1-7.  Rain shaft
 Tornado Look-alike.  There are many tornado look-alikes.  Mammatus clouds are sometimes mistaken to be the initial stage of a tornado.  Mammatus clouds are formed due to subsidence and are quite harmless at the surface (although quite turbulent for an aircraft!) They mostly occur  at anvil level, and they are often seen after the passage of a significant thunderstorm.  Roll clouds form along the advancing gust front and exhibit rotation about a horizontal axis.  Ragged shelf clouds, virga, and rain shafts (Figure 1-7) are often confused for wall clouds or tornadoes.  Occasionally, tornado-like vortices will form along gust fronts  and they can inflict damage.  They are very short-lived and provide little warning lead-time.

Military Weather Advisory (NWA).  Forecast Criteria for the CONUS NWA (WWUS KGWC) are issued four times daily and are valid for 12 hours.  Forecast areas are delineated by color codes that correspond to the following nationally agreed upon criteria (See Table 1-2).

Table 1-2. MWA Color Code
            CRITERIA





COLOR



Thunderstorms




Orange

Winds, 35 knot and/or hail < 1/2”




Moderate Thunderstorms



Green





Winds > 35 < 50 kt and/or hail > 1/2” < 3/4”.




Severe Thunderstorms



Blue





Winds > 50 knot and/or hail > 3/4’




Tornadoes





Red
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Figure 1-8.  Military Weather Advisory chart
MWA’s should be used only as a tool in forecasting severe weather.  Still, forecasts should be based upon individual evaluation of the situation.  Ensure that you can support your reasoning before forecasting against MWA guidance.  


The Navy and Marines uses the National Weather Service’s Storm Prediction Center (Norman, OK) severe thunderstorm and tornado watch bulletins when briefing pilots.

SUMMARY

Thunderstorms, both non-severe and severe, can create havoc for military operations. Tornadoes can do some serious damage also.  Before we go to the next chapter, be sure that you understand the information we just covered. 

REVIEW EXERCISE 1-2

1.
In what way do thunderstorms affect ground operations?

2.
In what way do thunderstorms affect aviators?

3.
True or False.  Tornadoes usually form in the updraft core.

4. What does an area of Blue on the MWA charts indicate?

5. Where would you expect most lightning to occur in a thunderstorm reaching to 40,000 feet and the freezing level at 5,000 feet?

6. Why do homes in or near a tornado’s path sometimes look as if they exploded? 
7. What is an F4 tornado on the Fujita scale
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