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How were flash rates (F) determined?

Assume F =G * a;; * (zmmu,; — threshold)Y , where

zmmu: Updraft convective mass flux in upper troposphere

g4dasold: GEOS-4 model layer 9

g4das: GEOS-4 model layer 10

gbdas: GEOS-5 model layer 26

merra: GEOS-5 model layer 26

threshold and y: Flash rate set to zero for 0 < zmmu < threshold )

g4dasold: threshold = 0.57 kg m2min-" y=2
g4das: threshold = 0.57 kg m-2min-" y=1
g5das: threshold = 0.35 kg m-2min-" y=1
merra: threshold = 0.35 kg m~?min-? y=1



How were flash rates (F) determined?

Assume F =G * a;; * (zmmu,; — threshold)Y , where

G: Global scaling factor chosen so that the mean model-calculated flash
rate for each month matches v2.2 OTD/LIS climatology.

g4dasold: mean equals avg of 2004, 2005, 2006, & 2001

g4das: mean equals avg of 2004, 2005, 2006, & 2007

gbdas: mean equals avg of 2005, 2006, & 2007 (2007
unavailable)

merra: mean equals avg of 2000-2009

a; :: Local adjustment factor chosen so that mean model-calculated flash
rafe for each grid box matches v2.2 OTD/LIS climatology.

g4dasold: [0.021,22.3]
g4das: [0.103,11.1]
gbdas: [0.106,11.6]

merra: [0.203,5.52]
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Flash rate Jan
auradlightZ: 2004 31.5F s—1 ourgdsynoz: 2004 32.8F s-1

00 01 0.2 0.5 1.0 20 30 40 50 60 70 80 29.010012.016.032.0
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Flash rate Apr

ourgdsynoz: 2004 389 3F s-1

ouragdsynoz: 2005 31.2F s

w 5
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puradsynoz: 2006 43.5F s-1
s A - '
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Flash rate Jul
auradlightZ: 2004 56.6F s—1 ourgdsynoz: 2004 55.3F s-1

00 01 0.2 0.5 1.0 20 30 40 5,0 60 70 80 29.010012.016.032.0
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auradlightZ: 2004 37.5F s—1
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' § by » .

ourgdgynoz; 2007 75.0F g=1

00 01 0.2 0.5 1.0 20 30 40 50 60 70 80 2.010012.016.032.0
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DJF OTD/LIS flash rate

199601 29.6 F s-1 199701 30.0 F 51 199801 28.2 F 51

.II

199901 29.9 F 51 200001 28.4 F 51

199601-200601 28.0 F s-1

Q.0 3.1 0.2 0.5 1.0 2.0 3.0 4.0 5.0
Flashes 2x2.5box=1 min-=1




Flash rate DJF

aurgdlightd 2004 351.53 F s=1

ouradlightZ 2005 34.0 F 5=1

0.2 03 1.0 2.0

3.0 40 5.0 6.0 7.0
Flashes 2x2.5box=1 min=1

8.0

9.0

10.0

12.0

16.0 32.0




Flash rate DJF

ourgd4synoz 2004 30.3 F s5=1
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GoDAS 2005 34.9 F s-1

Flash rate DJF
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Flash rate DJF

HEHFEA. 2000 EID 6 F s—1 MERRA 2001 35.8 F 5—1 MERRA EEIJE 33 9 F 5—1

.0 0Oa 0.2 0.5 1.0 2.0 30 40 5.0 &0 JO 80 850 10,0 120 160 32.0




199604 27.B F 5-1
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MAM DTD
9704 338 F =—1
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LIS flash rate

199804 33.1 F 51

199804 311 F 51
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______ ]
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Flash rate MAM

auradlightd 2004 57.53 F s=1

ourgdlight? 2003 38.7 F s=1
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Flash rate MAM

ouragd4synoz 2004 36.0 F 5=1 gurgdsynoz 2005 38.4 F s=1

aguradsynoz Z2004-2007 mean 44.3 F 51
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Flash rate MAM

GoDAS 2005 42.0 F 51
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Flash rate MAM
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Flash rate JJA

aurgdlightd 2004 49.3 F s-1

ourgdlight? 2003 52.6 F s=1

oura#light2 2004—2001 mean 56.8 F s5—1
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Flash rate JJA
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Flash rate JJA

GoDAS 2006 57.0 F 51
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Flash rate JJA
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SON OTD/LIS flash rate

199510 30.3 F s-1 199610 32.8 F 51 199710 39.0 F s—1

A

200510 34.5 F 51
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Flash rate SON
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Flash rate SON
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Flash rate SON

GSDAS 2005 42.7 F s-1 GSDAS 2006 4B.3 F s—1
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Flash rate SON

MERRA 2000 39.5 F -1 MERRA 2001 45.4 F 5—1 MERRA EI}I:':IE 43 8 F -1
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How were lightning NO emissions determined?

|IC and CG flashes are assumed to produce
the same amount of NO per flash.

Extratropical flashes (Latitudes poleward of
26°) are assumed to produce ~500 moles per
flash while tropical flashes are assumed to
produce ~250 moles per flash.

Lightning NO emissions are placed in the
model according to typical vertical profiles
derived from cloud-resolved modeling (Ott et
al., 2011)



