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Cloud-to-Ground versus Total Lightning

Cloud-to-ground observations
are only a point source

Location where flash touches
the ground

Does not observe the entire
flash

(Image by Tamworth)




Cloud-to-Ground versus Total Lightning

e Total lightning observes
both intra-cloud and cloud-
to-ground lightning

e VHF for ground-based
lightning mapping
arrays

e Optical for TRMM LIS
and the GLM

e QObserves flashes that the
National Lightning Detection
Network cannot regularly
observe

e Majority of all lightning is

) (Image by Tamworth)
intra-cloud
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What is Total Lightning
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Total Lightning
Intra-cloud AND
cloud-to-ground

Inter-Cloud

Cloud-to-Ground

Strikes

31 Individual Storms
from Central Florida



mportance of Total Lightning
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Lightning Mapping Arrays

>

Washington D.C.

- -

O SPoRT Collaborations

Other existing or planned networks

Advantages

e Spatial extent
observations

d

* High temporal

. resolution
Proving
Ground Disadvantages
_ * 240 km
Langmuir < .
Laboratory v Maximum
Kennedy :
- pe radius
Cent .

e *No national
network
planned
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Preparing for the future

Nowcast and Climate y GLM Domain for GOES-
Applications in one sensor B East or West Positions ,
: —_—— —
* Sub radar volume scan b - wl

times
e Full disc domain

e Coverage in data
sparse regions

e Geostationary

e 90% night AND day
detection efficiency

Flashes km=2 yr _

. 8—14. Kkm resolution OTD + LIS lightning
(nadir to edge) climatology (1995-2005)

= http://www.goes-r.gov/spacesegment/glm.html
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Operational Examples
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Safety: First Cloud-to-Ground Strike

First IC to First CG Delay

“First Strike” Forecasting

e Majority is intra-cloud

e Lead time for initial cloud-
to-ground strike

e First IC typically precedes
first CG by 5-10 min

Aviation applications

e Update TAFs
e Airport Weather Warnings

Number of Storms

Public service applications Time (min)
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First Cloud-to-Ground Strike

21 Jan 2010
2200 UTC

5 and 10 mile
rings for KHSV

I
_ . 014 | | |
5 Minute Old L1ghtl‘l1*lg Thu 22:00Z 21-Jan-
5 Minute Lightning P1¢t Thu 22:00Z 21-]ar

Developing cell
with LMA sources



Presenter
Presentation Notes
Our first event describes an Airport Weather Warning for the Huntsville International Airport and high lights the first cloud-to-ground strike forecast abilities of total lightning.  This event occurred on January 21, 2010 and began at 2200 UTC.  The region was under a slight risk.  The Huntsville International Airport is at the center of two rings with a 5 and 10 mile radius.  These represent the ranges at which the airport has requested the Huntsville forecast office to provide information about the potential for cloud-to-ground strikes.  At 2200 UTC, one cell has already passed and is approximately 10 miles to the northeast, while a second cell is 5 miles to the west of the airport.  Neither cell has produced lightning and an airport weather warning has not been issued.  About 17 miles to the west-southwest, a developing cell is approaching and the lightning mapping array has detected intra-cloud flashes.  The National Lightning Detection Network has observed no cloud-to-ground strikes.
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Small intra-cloud flash

]

Airport Weather

Warning issued
for KHSV

First Cloud-to-Ground Strike

u 22:02Z 21-Jan-
u 22:00Z 21-Jar

Increasing Source Density
No CGs detected



Presenter
Presentation Notes
Two minutes later at 2202 UTC, the cell producing lightning is observed to have an increase in lightning activity.  However, no cloud-to-ground strikes are observed.   Another small, intra-cloud flash was observed 7 miles to the east of the airport.   Based on these lightning observations and a strengthening radar signature, the Huntsville forecast office issues an Airport Weather Warning for the airport, alerting ground personnel that cloud-to-ground lightning strikes are imminent.


First Cloud-to-Ground Strike

2204 UTC

Jan-

Continued increase in source densities

nute O1d Lightning Thu 22:04Z 21-
nute Lightning P1pt Thu 22:05Z 21

5 M
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Presenter
Presentation Notes
In another two minutes at 2204 UTC, intra-cloud lightning activity continues with this storm cell.  The lightning activity has increased to 40 sources per 2 square kilometers.  This modest increase along with continued activity keeps forecasters confident in having already issued the airport weather warning.  At this time, no cloud-to-ground strikes have yet been observed.


First Cloud-to-Ground Strike

First CGs reported 5
min after NALMA

detections

1

flg Thu 22:06Z 21-Jan
Plpt Thu 22:05Z 21-J3
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Presenter
Presentation Notes
At 2206 UTC, the lightning activity has decreased, but the storm cell is beginning to move within 10 miles of the airport.   Additionally, the first cloud-to-ground strike was detected at 2205 UTC.  This agrees with our earlier discussion that intra-cloud lightning typically precedes the first cloud-to-ground strike by 5-10 minutes.  With the storm continuing to move closer to the airport and now producing both intra-cloud and cloud-to-ground lightning, forecasters are highly confident that the airport weather warning will be verified.


First Cloud-to-Ground Strike

Total lightning gave
a 30 min lead time

g Thu 22:32Z 21-Jan
1 Thu 22:30Z 21-]3
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Presenter
Presentation Notes
For the last slide in this example, we will fast forward to 2232 UTC.  Here, the storm cell has continued to produce lightning as observed by the lightning mapping array.   At this time, the National Lightning Detection Network also observed the first cloud-to-ground strike within 10 miles of the airport over Decatur, Alabama thus verifying the warning.  It is important to point out that the lightning mapping array is providing additional spatial information.  The National Lightning Detection Network is only giving the point location for the cloud-to-ground strike.  The lightning mapping array, however, is showing that lightning is extending eastward and is directly above the airport.  This further emphasizes the threat that a cloud-to-ground strike at the airport could be imminent.   Ultimately, the total lightning data provided a 30 minute lead time on the airport weather warning.  This was 5 minutes more than the National Lightning Detection Network alone and the spatial extent indicates that the threat is imminent and not several miles away.


Tornadic Event: Overview

North Alabama Overview
e SPC Moderate Risk

e Hatched tornado area

Nashville

* [n warm sector
* Moist southerly flow
e Tds 2 62°F
< | e Temperatures almost 70°F
S =M e Low level lapse rates
e L . e 55to6°C

e CAPE: 550 (BMX) to 1200
(BNA) J/kg

e ~400 m?/s? SRH (0-1 km)
e ~60 kt Effective bulk shear

e Very favorable for
Nﬁm 4 tornado development
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Presenter
Presentation Notes
We will begin at 1432 UTC as storms were initially moving into the Huntsville region.  The AWIPS display shows total lightning source densities in the upper left, 0.5 degree radar reflectivity in the upper right, 0.5 degree radar storm relative motion in the lower right, and the 0.5 degree radar correlation coefficient in the lower left.   At this time, radar reflectivity observes several active cells west of Madison County and Huntsville.   Total lightning observations are fairly minimal with source densities not exceeding 20 sources.  Only a couple cloud-to-ground strikes are observed whereas total lightning is providing greater extent of the lightning activity.   The other radar parameters do not indicate anything significant at this time.
 
The situation changes 12 minutes later at 1444 UTC.   Since the previous observations at 1432 UTC, one dominant cell appears to be forming.   The radar reflectivity has exceeded 60 dBZ, while a broad area of rotation is observed in the storm relative motion.  Corresponding to these observations, the total lightning source densities have rapidly increased to approximately 200 sources.   This is a very large increase compared to 1432 UTC.  Given this rapid increase, a lightning jump is almost certainly underway.  
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Presenter
Presentation Notes
Two minutes later at 1446 UTC, the radar has not yet updated.  However, the source densities have more than doubled to approximately 425 sources.  This continued, rapid increase confirms the lightning jump.  With this lightning jump, a forecaster can confidently determine that the cell of interest has a rapidly strengthening updraft and will likely become severe.  The important aspect is that the forecaster did not have to wait for the next radar volume scan.  
 
Eight minutes later at 1454 UTC, the storms remain strong.   The source density observations remain around 400 sources.   There is very little cloud-to-ground activity at this time and this would not have given any additional insight over radar observations alone.   The radar correlation coefficient is indicating that hail may be likely and in fact did occur at 1458 UTC.   Also, the radar reflectivity observes a well-defined notch while the storm relative motion observes a well-defined velocity couplet.  At this point no tornado has touched down although the lightning jump at 1446 UTC and the radar observations strongly indicate that a tornado is imminent.
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Presenter
Presentation Notes
Finally at 1510 UTC, spotter reports indicate a tornado is on the ground.   Interestingly, the total lightning source densities have significantly dropped off.  This is a typical characteristic in severe weather events.  Physically, as the storm becomes severe, the core is descending.  As the core descends, the main charging mechanisms are weakened, resulting is less lightning activity.   The corresponding radar signatures all support an active tornado.  Radar reflectivity observes a bounded weak echo region in central Limestone County along with a clear velocity couplet.   The lightning jump preceded the tornado touchdown by 24 minutes and provided approximately 10 minutes additional lead time over radar observations alone.  
 
This event concludes at 1520 UTC as the tornado continued to intensify.   Here, the radar correlation coefficient is observing a debris signature just west of the Madison County line.   Additionally, the total lightning source density values decreased further as the storm core continued to descend and restrict charging.  Only a few cloud-to-ground strikes are observed.  
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Summary

Tornadic Event Summary

NALMA Source Density Time Series (Post Event)
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Presenter
Presentation Notes
Let us summarize this event.   Based on observations and analyses, the environment was favorable for tornadic development.   Initially, a broken line of storms was moving eastwards through Limestone County.  As the line organized, both the total lightning and radar observations began to highlight the primary cell of interest.   However, the total lightning observations were most valuable for their sub-radar volume scan update times.  The total lightning observations indicated and large lightning jump to over 400 sources at 1446 UTC.   Overall, the lightning jump preceded the tornado touchdown by 24 minutes, which was approximately 10 minutes prior to a definitive radar signature.  
 
Throughout the event there was little cloud-to-ground activity.  The cloud-to-ground activity did not provide any discernible trend to indicate whether or not the storm’s updraft was intensifying.   This event also demonstrated how total lightning will usually drop off during the actual severe weather.   Physically, this is due to the storm’s core descending and reducing the amount of charging in the storm.   Lastly, as the primary radar operator for this day noted, “… the NALMA data from 1446 UTC made it clear that the storm was indeed strengthening.”  That assessment is given by an understanding of the local environment and the strengthening radar signatures, which the total lightning data reinforced as the lightning jump occurred in between radar volume scans.


Summary

« Total Lightning: Observes both intra-cloud and cloud-to-ground lightning
o Not a point source — Good for lightning safety
0 Related to storm updraft strength
o More total lightning = stronger updraft
0 Special case: Lightning Jump
o Rapid increase over ~10 minutes
o Usually precedes storm becoming severe
o0 Rapid updates (~1 minute)
o Improves situational awareness
o0 Used in warning decision support
o Geostationary Lightning Mapper (Future instrument)
o Lightning Mapping Arrays are an opportunity
o “Sheak peek” of GOES-R ability
o Develop ways to fuse total lightning into operations
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Questions?

Dr. Geoffrey Stano:
NASA SPoRT web page:

Wide World of SPoRT blog:
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