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LNO4 Production P in moles:
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Y ~ 10" molecules J~' (Thermochemical Yield)

N4 = 6.022 x 10** molecules mol™" (Avogadro’s Number)

B~ 1.35997 x 107%* = ave P = 250 moles/flash over 1st 10 mo of 2018 reference year

Flash Energy E when P = 250 moles is:
Ny P
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— 1,505, 500,000 J ~ 1.5 G.J
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Two Optical Energy Metrics
Sensor-Intercepted Energy

A very tiny fraction of total
flash energy E reaches the
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to sensor

ri LIS

isotropy assumed
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Geometry for
Energy Density
Calculations

Lightning emission

Entrance aperture Q(Q @) vector to

™ pixel footprint

Azimuthally symmetric
invertinglens system

| | jth
illuminated pixel

CCD array

Front Lens Incident solid - angle - averaged spectral energy density (in uJ m™
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(er(@)) = % i 39 Solid Angle Averaged Spectral Energy Density

(in pJ m™2sr~tum™1)

i=1,...,m (m = 7 frames covered by the flash)
j=1,...,n (n = # pixels illuminated by the flash # # of EVENTS!, in general)

t;
Exi(Q) = / I,(Q,t)dt = spectral energy density function in i*" frame

£ M(Q)dQ — mean spectral energy density heading toward j** pixel in i*" frame
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By correcting the HDF data product (x;;(cr), one can estimate the true incidence:

Eris 0.985Ci; (cL) L| S

F;
So put all the pieces together:

<§/\ > ZZ@M ~ —220985C>\w cr)
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o) = Z Z Cxij(c)
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But, a flash is fairly localized to one boresight region so that F; ~ F :

A 0.985 v~ 0.985
<§/\(Q)> > ——= ZZC/\ij(CL) = ——= 0,
nkF’ oy e nkF
Hence
nF R So data product generally overestimates true incidence by about a factor of n.
D) ~ 0.985 <§>\ (Q)> At max boresight the correction is n(0.82)/0.985 = 0.832n
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Summary (from OTD/LIS)

Heritage Flash Amplitude Baseline Computed by Koshak
Using Raw Data Results from Various Investigators

Koshak Koshak Buechler & Buechler & Buechler & Buechler & Beirle et al.
OTD OTD Christian Christian Christian Christian LIS
Raw CONUS CONUS LIS LIS LIS LIS GLOBAL

Data 1999-2000 1999-2000 GLOBAL GLOBAL GLOBAL GLOBAL 1998-2012
Z = 3 weighting data weighting 1998-Jul 2001 Sep 2001-2013 1998-Jul 2001 Sep 2001-2013 both Pre- &

Source Resolution Model | Resolution Model Pre-boost Post-boost Pre-boost Post-boost Post-

Resolution Model | Resolution Model Res: data 22.6 Res: data 25.3 Res: BC data 24.7
km?2 km?2 km?2
Koshak 79.8 72.8 55.7 57.9 67.9 59.9 60.3

Computation

OTD: poor sensitivity, only CONUS stats done, Z estimate ... not best to use.

More data in LIS Post-Boost than in Pre-boost ... so Post-Boost better sample size

Buechler & Christian study has 1 more year of data than the Beirle et al. study, and more specific mean

event footprints (since Beirle didn’t separate out Pre-boost from Post-boost).
So best estimate currently is 6" column above (bolded).
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Long-Term Trend of TRMM/LIS Mean CONUS Upward Flash Optical Energy €
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Koshak, W. J, Lightning NOx estimates from space-based lightning imagers, 16t Annual CMAS Conference,
Chapel Hill, NC, October 23-25, 2017
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G16 Flash Optical Energy Q

9.5 mo (2018: Jan 1 - Oct 15); ~ 300 M flashes
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G17 Flash Optical Energy Q

(}‘%ﬁ)“} Flash Energy Trending (Koshak/MSFC) @ NASA
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Dec 4-16, 2018
~ 1.4 M flashes

removed flashes with
flash_quality flag # O to
help remove high-bias
from blooming/glint

Mean of 3088.4 f | is far
greater than 254.3 f
obtained from G16 Full.

tness for a particular purpose.
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G17 Q larger than G16’s
because of:

* Boresight Effect (most G17
flashes at large boresight)

* Ocean Effect (most G17
flashes over ocean)

* Statistical Effect (G17 sample
of natural lightning not as
large relative to noise: glint,
radiation dots)

* Seasonal Effect (flash energies
peak in January per LIS study
in Koshak, 2017)



10 mo Trend (Jan-Oct, 2018) CONUS Flash Density
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10 mo Trend (Jan-Oct, 2018) of GLM-16 CONUS Incident Flash Optical Energy Q
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10 mo Trend (Jan-Oct, 2018) of GLM-16 CONUS LNOx Production P Estimate
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Questions



