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Lightning Meteorology II
1. Title

2. Teletraining Tips

3. Introduction

4. Objectives

5.  Outline

6.  Section 1 Introduction: Review of Lightning Met I

7.  (4 frames)  Frame 1 shows the gross charge distribution in a typical isolated mature thunderstorm.  The large area of negative charge located near -10 C is associated with negatively charged graupel particles which have gained their charge by colliding with smaller ice crystals.  The lighter crystals take on a positive charge and are lofted to the upper portion of the storm.  A small area of positive charge is also located near the melting level.  Frame 2 shows the charge distribution within a dissipating cumulonimbus cloud.  Most of the graupel has melted and/or fallen out, but some negative charge remains at mid-levels.  Positively charged ice crystals are advected into the anvil portion of the cloud.  Frame 3 shows the CG lightning we expect to most warm season isolated thunderstorms.  Negative CG’s dominate the convective core, while we expect more positive CG’s from the upper levels of the storm.  The flash rate for negative CG’s is much higher.  Frame 4 shows a 6-panel radar time series with CG lightning overlaid from Melbourne, FL.  The storms form along a sea breeze boundary and we first see CG lightning around 1939Z.  This tells us that graupel has formed and allowed a sufficient charge separation for electrical discharge.  At 1950Z a positive strike occurs to the southwest of the convective core.  This is likely associated with the anvil of the storm, as the anvil-level winds were out of the northeast.  By 2001Z the CG lightning has ceased, so most of the graupel has probably melted and/or fallen out, so dissipation of the storm is likely.

8.  (5 frames)  Frame 1 shows the expected charge distribution within an MCS.  Charging within the convective core and the forward anvil is similar to the isolated storm, with negative charge dominating the middle portion of the convective core and positive charge in the upper levels.  Within the stratiform region, the charge structure is much more complex.  In a low cloud liquid water environment, aggregates colliding with smaller ice crystals tend to take on a positive charge, resulting in a positive charged region within the middle of the stratiform portion of the cloud.  A smaller region of negative charge below is associated with the bright band (melting level).  Frame 2 shows the CG lightning activity we expect within an MCS.  Due to the positive charged region, we expect primarily positive CG’s within the stratiform precipitation.  The flash rate is much lower here than the flash rate for negative CG’s within the core.  Frames 3 and 4 show a severe MCS moving through Iowa.  The CG lightning overlaid on the radar shows that negative CG’s dominate the convective core while primarily positive CG’s exist within the stratiform rain and forward anvil.  Frame 5 is the same system with IR satellite overlaid with CG lightning.  Without radar, one can infer where the precipitation is occurring by noting where the highest density of CG’s are occurring.  Notice toward the end of the period when the negative CG core bows forward...this is likely indicative of a high wind event.  Severe wind damage was reported throughout SE Iowa following the passage of this MCS.

9.  Section 1 Summary  

10. Section 2 Introduction

11.  Flash Rate is the product available in AWIPS.  You can typically look at hourly flash rate, 15-minute flash rate, 5-minute flash rate, and 1-minute flash rate.  

12.  The 3 primary ways to increase the flash rate for negative CG’s: increase the density of negatively charged particles, bring these particles closer to the surface, and remove some of the positively charged particles below. 

13.  This graph shows the relative frequency of negative and positive CG’s during a 24-hour period along the Gulf coast of Florida.  The data is averaged from the summer months of 1995-1999.  Notice that the relative frequency of negative CG’s (black line) is greater than the relative frequency of positive CG’s (red line) from 10am until 5pm...this is the time period in which thunderstorms form and reach their mature phase.  At 5pm, the red line becomes greater, meaning we see relatively more positive CG’s.  This corresponds to when the storms begin to dissipate and positively charged particles have been advected into the upper portion of the storm.  The pink line is the percent positive CG’s.  It reaches a minimum as the storms grow during the early afternoon hours, then increases during the evening hours as the storms dissipate.

14.  We choose more general definitions so we can apply them to a variety of scenarios.

15.  Statements which explain our usage of NSD and PSD.

16.  Section 2 summary.

17.  Cold season lightning introduction

18. (3 frames)  Frame 1: Total CG count in millions of strikes for the 5 year period 1995-1999 (in blue).  Red line gives percent of CG strikes that were positive by season.  Case study values (%+) from lightning met 1 are overlaid.  Notice that there are many more storms during the warm season but the few storms during the cold season have a high positive count.  Frame 2: Map of %+ for 5 warm seasons (1995-1999) with 0.5 km^-2 season^-1 flash density area outlined in gray.  Most of our country is dominated by storms with less than 15% positive CGs.   The blatant exception is the central plains, particularly the north central plains from Western Minnesota southwestward to Western Kansas.

Frame 3: Same as before except for cold season.  Most of the country is dominated by storms with greater than 15% positive CGs, with certain areas of the country greater than 50%.  The west coast of California is an example of such an area.  

19.  We’ll look at these 4 cold season examples.

20.  A loop of hourly flash rate over a 5-day period.  This was associated with an extratropical cyclone which moved across the southeast US, then turned northeastward and moved up the eastern coast of the US.  Notice that most periods are characterized by 20-40% positive CG’s, which is higher than the warm-season average.  

21.  IR Satellite loop with CG lightning overlaid over the west coast of the US associated with an extratropical cyclone coming onshore.  Notice first the low number of total strikes, which is quite normal during the cold season, but virtually all strikes which do occur are positive.  

22.  One hour CG lightning total during a different Pacific coast storm system.  This is an unusually high flash count, and again, the grand majority of the strikes are positive.  

23.  Sea level pressure with CG lightning during an extratropical cyclone moving across the midwest.  Again, notice the high number of positive strikes.  

24.  Radar with CG lightning overlaid during a lake-effect snow event.  This is the exception to the cold-season rule: due to the very unstable boundary layer during lake-effect snow events, graupel formation occurs and the electrification more resembles warm-season storms, so virtually all of the strikes are negative.

25.  Numbers of negative and positive CG’s, and percent positive CG’s for the 4 cold-season cases.  Notice how in 3 of the 4 cases, greater than 15% positive were observed.  The exception was the lake-effect snow case.  

26.  Lower tops allow the upper level positive charge to be closer to the surface, allowing easier discharge.  Greater shear allows quicker and more abundant advection of positive charge in the upper levels, and lower CLW may allow graupel to obtain positive charge in graupel-ice collisions.    

27.  Cold season lightning summary

28.  Severe NSD storms intro

29.  (7 frames)  Frame 1: Research results have shown that severe and tornadic thunderstorms pulse in intensity.  Frame 2: Results from Foote and Frank (1983) show that the three shown thunderstorm types pulse in intensity, over very similar time scales.  Frame 3: Stronger updrafts associated with supercell thunderstorms allow water to be condensed at a greater rate, providing very high amounts of supercooled water to graupel formation and growth.  High concentrations of graupel and the correspondingly high numbers of graupel-ice collisions result in an enhanced charged region in the middle portion of the supercell. Frame 4: The top graph shows the 1-minute CG flash rate for non-severe thunderstorms.  Notice that in only a few minutes is there more than 3 CG’s per minute, and in no case is there more than 5 CG’s per minute.  The bottom graph is the same except for severe storms.  Notice that in many cases, more than 5 CG’s per minute were observed, and as many as 20 CG’s per minute in one case.  The point is that severe storms have been shown to have much higher flash rates than non-severe storms.  Frame 5 and 6: Very strong updrafts within supercell thunderstorms can also lift the graupel and other charge-carrying hydrometeors high up into the cloud, decreasing the ability for CG lightning to occur.  Frame 7: Increase in updraft strength possibly leads to a competition between the enhanced charge effect and the elevated charge effect...this is a possible explanation for pulsing activity in CG lightning.  

30.  (4 frames) Frames 1 and 2: The hourly and 5-minute CG flash rate over a 5-hour period for a group of thunderstorms moving through the northeast US.  In the 2nd frame, the observed severe weather is overlaid.  Notice how the hourly curve is rather smooth, while the 5-minute curve shows several spikes.  The severe weather is reported after the pulsing behavior in the CG lightning is observed.  Frames 3 and 4:  Similar to the first two frames, except for a different case and over a shorter time period.  Again, the hourly CG data isn’t very informative, but the 5-minute data shows pulsing behavior before the severe weather occurs.  

31.  Severe storms are usually associated with large amounts of vertical shear, which tends to advect positively charged particles into the anvil, increasing the chance of positive strikes from upper portions of the storm.  Precipitation overhang associated with very strong updrafts allows positive charge in the upper portion of the cloud to become “unshielded”, which would also increase the likelihood of positive CG’s.  

32.  IR satellite with a CG lightning toggle of several supercellular storms moving though Alabama and Tennessee.  Very high flash counts can be seen with several of the storms.

33.  Radar loop with a CG lightning toggle of one of the supercells.  Notice how there are quite a few positive CG’s within the core of the storm, well above 15%.  Also notice how the CG’s within the storm go through several pulses, at the same time as the reflectivity hook seems to become more and less well-defined.  

34.  Closeup radar loop of the same storm as above.  

35.  (2 frames) Frame 1:  Time series showing the evolution of CG lightning during the Birmingham supercell.  Notice the pulsing behavior in the flash rate, and how each tornado touchdown was preceded by a lull in the CG activity.  Frame 2: The percent positive CG’s is given by the black line – notice that the value remains above 15% throughout the storm’s evolution.  

36.  Section 2 summary

37.  Section 5 intro

38.  (2 frames) Frame 1: The largest density of hail and tornado reports is found in the central plains of the US, as expected.  Frame 2: Which of these reports are associated with PSD storms?  Frame 3: A distinct maximum appears in the northern plains, from Western Minnesota southwestward to Western Kansas.  In parts of northwestern Nebraska, over 50% over all hail and tornado reports are associated with PSD storms.  

39.  (4 frames) Frame 1: Results from Smith et. al., 2000, which shows surface thete-e in brown contours, storm tracts with lettered orange lines, positive CG’s in red and negative CG’s in blue.  Notice how the storms which form on the west side of the theta-e ridge in an area of high theta-e gradient are PSD, then transition to NSD after crossing the ridge.  Storm ‘O’ forms along with ridge axis and is NSD throughout.  Frame 2: Same paper, difference case.  Again, the same behavior can be seen.  Frame 3: Conceptual model showing storms which form on the west side of a theta-e ridge tend to be NSD and transition to PSD as they move across the axis.  Storms which form on the east side of the ridge and NSD, and storms which remain on the west side are PSD.  Frame 4: Average May dew point with the area experiencing most PSD storms outlined in red.  Notice that this area corresponds to relatively dry surface dew points.  

40.  Severe PSD characteristics

41.  Surface theta-e values across the central plains at 0 UTC on 25 July 2000.  Notice the theta-e ridge extending across central Nebraska.  Remember that this area sees PSD storms fairly regularly.

42.  Storm data on that same day.  Note the hail and tornado reports extending across central Nebraska.  

43.  The LBF morning sounding shows a nearly dry-adiabatic lapse rate above the nocturnal boundary layer.  Shear values are also supportive of supercells.

44.  LBF radar loop.  Notice the storm split, and how the right-mover propagates almost due south (in northwesterly steering flow).  This storms has a distinct hook and is certainly supercellular.  Toggling on the CG lightning, the overall flash count is fairly low, but there is an obvious polarity reversal.  

45.  Same loop as above, but at a closer view.  Notice how the CG’s from the storm’s core are nearly all positive, while the anvil strikes are nearly all negative.  This is a classic PSD storm which produced quite a bit of severe weather.  

46.  (2 frames) Time series of the LBF storm showing pulsing in the CG lightning activity, and that most core strikes were positive and most anvil strikes were negative.  

47.  Surface theta-e values across the southern plains at 0 UTC on 4 May 1999.  Notice the ridge extending across central Oklahoma.  

48.  Loop of surface theta-e and CG lightning.  Notice that the storms are initially PSD, but transition to NSD after moving across the ridge.  

49.  Closeup radar image with CG lightning of the Moore storm.  Notice that the updraft region is dominated by positive CG’s, while the anvil region has a few positive and negative strikes.  This storm produced a significant tornado.  

50.  Possible charge structure within a severe PSD storm.  The graupel is likely charged positive and is responsible for the positive core strikes.  The reasons for this type of charge structure are not known at this time, but there is lots of current research addressing the problem.  

51.  Section 5 summary

52.  (9 frames)  Conclusions.  Frames 5-8 are images taken from a website provided by Texas A&M.  Forecasters can choose their forecast area, then look at lightning climatology: flash density, positive flash density, and percent positive.  The examples shown here are the flash density (frame 7) and the percent positive (frame 8) in the Denver forecast area.   

