
Eric C. Bruning, David PeQueen and Stephanie Weiss
Texas Tech University, Lubbock, TX

Jason Jordan
National Weather Service, Lubbock, TX (now NWS FDTD, Boulder, CO)

Acknowledgments: K. Cummins (U. Arizona), K. Calhoun (NSSL), C. Schultz, T. Lang (NASA MSFC), V. Chmielewski (U. Oklahoma) and Rudlosky 
(NESDIS) for comments on an earlier version of this talk presented at the 2020 GLM Science Meeting. This work supported by NASA award 
80NSSC19K1576, and NOAA JTTI award NA19NES4320002 via CISESS-Maryland.

Support for LI Cal/Val
MTG LI MAG Meeting #11
9-10 February 2021

Presenter
Presentation Notes
Good day everyone. In addition to my coauthors, I’d like to acknowledge my colleagues on the Geostationary Lightning Mapper Science team who provided comments on an earlier version of this talk as presented at our science team meeting earlier this fall.



Multi-sensor comparison of lightning datasets in West Texas 
As presented at AGU/AMS fall and winter meetings

Can we quantify expected GLM detection efficiency using some simple 
rules?

Datasets:
West Texas Lightning Mapping Array (VHF band)
GOES-16, GOES-17 GLM (optical)

Presenter
Presentation Notes
This talk is split into two parts. The first part is a close examination of four different lightning detection instruments to see whether they tell us a self-consistent story when they detect lightning, and the second part is focused on whether or not we can use some simple rules to quantify the expected GLM detection efficiency for another set of storms. The data sets we’ll use today are the West Texas Lightning Mapping Array, a VHF mapping instrument;  the GOES 16 and GOES 17 GLM instruments as well as, in the first part of the talk, two radio frequency stroke detecting networks that operate primarily in the LF band. These LF instruments observe intracloud and cloud to ground strokes.



GLM : LMA detection efficiency
for GOES-17 and GOES-16
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• K. Cummins (2020, personal comm.) indicated that minimum 
threshold is a good indicator of instrument performance 
independent of meteorology and flash properties.

• 14 May 2020: GLM-16:LMA detection efficiency is 12% (26%) for 
LMA flashes with width > 1 km (4 km). GLM << NLDN was noticed 
in operations.

• Speckled, 1-2 event flashes suggest optical emission is close to 
GLM detection threshold.

• Let’s understand this flash population and then try to estimate the 
DE for a specific scene of storms.
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Presenter
Presentation Notes
For the second part to talk I’d like to turn my attention to another case to compare of one minute of LMA data along with data from both GOES 16 and GOES 17 GLM. This was a hail storm from May 2020 that had very low GLM detection efficiency.In this case there were 131 LMA flashes with width greater than 1 km, and if you go up to 4 km wide flashes the LMA flash rate drops to 61. At the same time, 13 and 16 flashes flashes were observed from the GOES-17 and -16 GLMs. In the flash extent density view on the lower left, those flashes appear as a very highly speckled coverage of lightning activity across the cloud top, with a bit less spatial coverage from GLM 17. The operational stroke detecting networks, which are not shown here, observed lots of lightning like the LMA, again leading to some operational confusion about how to reconcile the sensors. If you take the ratio of LMA to GLM flashes the detection efficiency is somewhere between 12 and 26% depending on whether the very small LMA flashes are included.So in the rest of this talk I’d like to follow up on the suggestion of Ken Cummins that there might be a way  to operationally understand the GLM detection efficiency by looking at the minimum energy threshold of the events observed by GLM. A histogram of event energy is shown at the bottom right. GLM 16 has a 2.5 fJ  threshold and GLM 17 has a 4 fJ threshold, which is consistent with the lower detection efficiency of GLM 17 in this case. 



Calculated from instrument threshold, flash 
population, and meteorological effects.

Back-of-the envelope DE Groups
◼︎ G17

● G16

• Apply approximate DE rules from recent studies

• Energy threshold: 5 fJ = 40% of TRMM LIS DE. Min energy: 10% 
per fJ  (Cummins 2020, personal comm.)

• 2.5 fJ threshold for GLM-16 implies 65% DE relative to LIS 

• GLM-17 threshold is 1.5 fJ higher than GLM-16. Implies 15% 
worse for GLM-17. 14 GLM-16 flashes, 12 GLM-17 flashes. 
2/14 = observed 14%. Checks out!

• For LMA flashes with 0.3 s duration, 10 km flash width as is typical 
here, detection efficiency is reduced by 50% for medium-small 
flashes (Zhang and Cummins, 2020, JGR)

• 10x ice water path implies 10-30% drop in flash DE. Anvil: 0.05 kg 
m-2, largest values in Colorado 50 kg m-2. (Rutledge et al., 2020, 
JGR)

• These storms were optically thick: 1” hail implies lots of mixed 
phase precipitation and ice plus supercooled liquid water. Let’s 
assume we have a 20% drop from optical depth.

• Combine for GLM-16: (0.65)(1.0-0.5)(1.0-0.2) = 26% DE

• Reduce further for GLM-17: (1.0-.15)(0.26) = 22% DE

• These estimates are within 10% of the observed GLM:LMA ratio. Thresholds
GLM-17: 4.0 fJ
GLM-16: 2.5 fJ

Presenter
Presentation Notes
To wrap up this case, let’s try to apply some rules inferred from recently published empirical validation studies to see if we can estimate detection efficiency in this apparently very challenging environment for GLM. Can we use these studies as back of the envelope guidance to operational users about how they might explain a case where they observe low GLM detection efficiency? To start, let’s apply Ken Cummins’ idea about minimum threshold: At the 2 1/2 fJ threshold for GOES 16 GLM, that implies about a 65% attention efficiency relative to the low earth orbit Lighting Imaging Sensor. The GLM 17 threshold is about 1.5 fJ higher which predicts GLM 17 is 15% worse than GLM 16 in this case. That prediction is very close to what was observed. Now that we’ve isolated the instrument-level threshold effects, we can look at the discharge properties. Zhang and Cummins showed that small and short duration flashes make less light on average. For the medium-small LMA flashes here, which are not unusual in active updrafts, they predict a 50% reduction in detection efficiency. Finally, the effect of cloud optical depth on GLM detection efficiency was recently studied by Ruledge et al. who used radar and satellite data to calculate the ice water path in a number of storms. They found that a factor of ten increase in ice water path results in a ten to 30 percent drop in the flash detection efficiency after accounting for flash size and duration. Given the likely large ice water path in this hailstorm we’ll estimate a 20% drop in detection efficiency due to optical depth. Multiplying those three detection efficiency components together, we can estimate a 26% detection efficiency for GOES 16 GLM and 22 % for GOES-17 GLM. Those estimates are within 10% of the observed GLM to LMA ratio. So it seems these three rules were successful as a back of the envelope detection efficiency estimate.



Visiting scientist work for NWC SAF (Feb-May 2021)

User preparation for MTG LI

Tropical cyclones

Synoptic oceanic lightning
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• Recreate MTG LI products from GLM

• Prepare for comparisons between LI and GLM

• Visualize as imagery the GLM products for various storm modes 
in the overlap region, as would be displayed at a NWC with 
other satellite imagery.

• Visualize sensitivity to min event energy (MOE).

• Create and display MTG LI product equivalents from Erdmann 
Ph.D. thesis (Defer/Caumont). France only.
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