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Abstract. Not much is known about the evolution of lightning within extra-tropical cyclones traversing

the mid-latitudes, especially its oceans. To facilitate such studies we combine a recently constructed
precipitation features (PF) database obtained from the Global Precipitation Measurement (GPM) mission
constellation of satellites with lightning observations from the Geostationary Lightning Mapper (GLM)
onboard GOES-16 and the Lightning Imaging Sensor (LIS) onboard the International Space Station (ISS). The
goal of this study is to provide a new observationally-based view of the tropical to extra-tropical transition
and its impact on lightning production. Such data fusion approaches, as presented here, will also be
important in future satellite studies of convective precipitation.

Overview Lightning-enriched PF database

0.05% of GPM GMI/AMSR2 1C PFs have at least one ISS-LIS lightning flash
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• Facilitates storm-scale evolution 
• Greatest number of GPM 1C PFs with lightning observed 

by GLM occurred in northwestern South America and 
southwestern Mexico (Feb. 2018 to June 2019)

Lake Maracaibo 
Lightning Hotspot 
(Albrecht et al. 2016)

• PFs with 89GHz PCT<200K 
highly expected to have
lightning (Liu et al. 2011)

• Only 78% of them have 
GLM observed lightning

• Enhanced in tropics and
high mid-latitudes

• GLM detection deficiencies 
near edges of FOV and low 
altitude flashes obscured by 
deep clouds

Tropical Cyclone Season of 2018

• 17 named tropical storms in the 
Atlantic Basin

• Hurricane Michael reached category 5 
and caused over $25 billion in damage

• AMSR2 observed 2x the number of PFs 
as GPM (nearly ½ the swath width)

• Increase in number of PFs during 
transitioning phases

• PFs with most lightning observed in 
Tropical Storm Florence

• No clear relationship between storm 
intensity and PF characteristics*

Storm Name
Total PFs

(AMSR/GMI)
PFs with lightning

(AMSR/GMI)

Beryl 1973/1284 289/165

Florence 2419/1574 319/175

Michael 856/466 120/67

*Based on initial results

Ongoing work: deeper dive into 1C PFs; use other global lightning observing networks; convective precipitation features

PFs enriched with GOES-16 Geostationary Lightning Mapper

E 

GPM Constellation Stains 
Suomi NPP 

MetOp B/; l;tll\ 
(EUMEBA~ '"1' GPM Core Observatory 

(NASA/JAXA} 

~ 
' 

• 11 1::cm 

• ;.-... • • • • • • 
.. • Ii- • .... '·•. • .. . .. .. ~ ;, 

• 
+ ' ~ ,. 

• • • • 
T ~ + ... , • ' • .... .. «. . . . . - , --- --

' ..... "'" ..... ~ , 
•• • • 

• • 
• • 
• 

.,f- - ... - ~ 
I -::. .r, " 
•• + '1'" \,t 1'T • .• +, + _ •" •fl.i . , ., 

• • •• 
. . .. +ii-.,++ ./ '''I-.~ ...... r+~~ .. ... .... ... : ""' 

~ "" • r • ',_- -,~ 't" .,.. .. _ .. :-~ -.J-:t-.· . ..,, ... .. -~ -.- .-
+ L,t* ... ... , . ..... . ~ ... ... t . ! .. 

• 

• 

I -.,• • 1 t-+: , '\• o ..... , " •• • 
' ++ :Ii.. 1 +, • •• + . ' -<- - ... ,5 

• 

~ OAA18/19 

~ ,.-, 

GCOM-Wl ,-, 

. ' • • . • 
' . ' 
' ___ ___ __ _ ,. ____ _ 

, 

• • ,. . .... + -t,- .r. . •+ .... , .• -i: j '+· +' .. ~,. .. , ' .. .. :if- ';', . .._, • ••• d •• /f/1':+.~ • • • • , , ;r,,,1 " • ' •,.·• : · !i-\; 
' • • 

' · t+ " . , ... -"\. .. .,. .-... . ~· . ... \ . ...... . 
' ... • It" ... . + ii 

• • "' . + +" +- .,•• TI ' . ., 
• •• • • •• f - ' .. . • • • 

• . :i, ~ .... f 
• • 

" 

• • 
' . 

• -~ --,.- -- ..... --- -.-,- - - - --- - - • - -•-

• • • • • • 
• • 

• 

• 

• 

• • 

" 
• 

' i • I • 

• 
• • • 

' 

• 

6.0 8.0 

" ' ' 

1B.GMI 
Brightness 

temperatures 

2B radar GMI 
retrievals, 

Latent heating 

ISS/LIS 
WWLLN 

2AGMIGPROF 
precipitation 

retrievals 

GOES-16/GLM 
lightning flash 

Flash 
Info 

• • ~-----------------------r 

• • 

2AKuKaDPR 
reflectivity 

precipitation 

2 yr,1 

2AGPROF 
precipitation 

retrievals 

lC brightness 
temperatures 

GPM Core PF + Constellation PF 

Ellipse fit Flash rate, 
time lag, etc. 

Collocation, calculation of parameters 

• 
• 

• • 

• • • 

• 

• 

+· ____________ ____ is ___ _ 
' . • • 

.. • ' 
• 

' • • • • ,. 
' 

• 

• 

• 

' 
' 
,'Ill 

' 

' ' ., 
• ' • ' 

. ' 
• • 

" 
• + 

'• 
• 
• ' + ~ .... 

~ .. • T 

' ,L': + r. . ' . . ,,., .. ' .. .... . . ... . - ' 
~ 

• • •• 
• 

• 
" 

• • 
• 

• 
' • 

• 

., 

• • 
. .. ..... 
' . .. . 

• 
• • • 

~ .... : . ~ ' . ' . 
p• . " · .. 

• 

' . . 
~.- - - - - - - . - - - ~ •..: - - - . - . - - - - - -·,. - - - - - - - - - - - - ;;,- - . - - - - - - - - ---~ - - - - - - - - - - - ·r'· - - - - - - - - - - - "i ~ - - - - - - - • - - - " r ... : - - - - - • 

· . green: 10 ~50 flaSh '-Blue: 50;1 00 flast.T Red: ->-100 flash 
• .. -

' f 
! 

f 

' 
\ 

\ 
'· 
\ 

• ' 

\( 
· •-1••" •-· •• •••rn 

\ 
' .................... ........ 
' 1 

0 

•• I 

' \ -----······ ····I········ 

20 

' 
' ; 

\ 
\ 

• ' ' .,. 
• 

__ .,· 
-.. --· 

40 60 
Number of PFs with Lightn ing Flashes 

Total: 44183 

, ... 

80 100 

! 

I 
····r ···· ·· 
,' 

' ' 

LO• N 

lO" N 

5000 

4000 

-O"I 

"' "C 
~ 

"' 3000 . 

"C 
::, -'.µ 

"' ..J 

2000 . 

1000 

0 

-- . _____ ,1 __ __ _ . .. .. . 1 

' ' ! ' 
- storm ·1nck/lntensity7 

Pree1pita t1on Featu re (PFJ 
c=:, Storm PF 
e, Storm PF with Lightn ing 

ioo·w 

- storm Track/ Intensity 
Prccip,tat ,on Feature (PFI 

l
e=:, Storm PF 

.. Storm PF With Llghtnm9 
--

10o·w 

GPM lC PFs with min imum 89 GHz PCT < 200K 
(en riched with GLM) 

r=J All PFs 

r=J PFs with Lightn ing 
PFs without Lightn ing 

' 
- 40 

ao·w 

WO 

so·w 

' 
- 20 

-

\ 
I 

' 
0 

La titude [deg] 

/ \,, / 
' ' 

20 40 

Hurricane Fl orence (2018) 
AM SR2 1C PFs (el li pses ) with GLM ~--,~----7,-----,,-----T,--7 

rn' 

I ' ' ' .......... ·-·~------.. ···-······---t-- ·- ·····-···--··-··- •···-···--·- -----······t··-·----

oo·w 

"' 00 
Storm Intensity (ktsJ 

w' 

·r . 
' 

40"W 20 W 

'" 

Number of Lig htning Flashe s. (ellipse nil ) 

"" '" '" Mins,; GHz P<.:T [ KJ ! el lipse out lines) 

' ------------ --.. ·--·····-·····-······- .. .. ·---····-··············-···-· ..... -·····---· . +·-·-···· 

. . · ·· ····· ·······- ..... - , ····· ···-•··+·•·· f --- · ····· ·•· ····· ·~ ... .. . - . - j 
' ' 

i I 
· · ·· ···· ··· - ·- . ... ·--···· ··- ·· · ··- ······- .... ·-'---· . - ···· ··· ·· ·····- ······-·· ..... - ······- - - ·· . ~··- ·- ·· 

60"W 40 W 2o·w 

-

-

SO"N 

30"N 

1.0 

0,8 

Cl 
C: 

C: 
~ 

.c: 

"' ·-..J 0,6 _ 
::, 
0 

.c: -;:: 
"' u. 
0.. 

0,4 'o 

0,2 

0,0 

C: 
0 -u 
"' ~ u. 

i 
lO"N -1 . ---- -:-

--'--- -'---
- Storm 1rack/lntensity 

Prec ipitat ion Feat ure (PF) 
<;=::, Storm PF 
e, Storm Pr with Lightni ng 

wo·w 

240 -

220 -

200 -

s 180 · 

0.. 

~ 160 -
C: 

:;: 
:::: 140 -

120 -

100 -

TD 

D.B ; 
16.'n ~-~ 
tP tP ~j 

ii!.• 

TEXASA&M 
UNIVERSITY 

CORPUS 
CHRISTI 

Hurr ic irne Eleryl (2018) 
AMSR2 lC PFs (ell ipses) with GLM 

········-····~···········-······-···· 

,, 

! .j ........ _ ......... -......... ) ......... ..... _ .... .,_ ...... 1----·· · 

!----·- ...... ... ·-··----~··-·····-.. --------.. -··~ ... ·------- ·- ..... -... 1- ·---·---.. -... --·-··r---.. ·-.. -·. 

......... - ......... -.............. ... .... ..... - ...... - ... - .. L ...... ... .. 

Bo·w 60"W 4!J"W 

.. 

GPM GMI/AMSR2 lC PFs with GLM 
2018 Atlantic Tropical Cyclones 

EX-, 

TS 
V 

i:.s 

TS 

TS 
EX , 

I 
IS 

TS 
V 

lf!__U 

"" 
l!!l l!!1 r,tl;) IIIJ 

fl]] EX ~B fl]] 
V 

"" "·" "" • 

"·" 
EX 

V 

,-
' '\ 

. - ·····- ···· ···~-··- ···· ··-

'" w 

"" 

• Beryl 
• Florence 

• Michael 
80·1----------------------'===---==='--I I I I I I 

20 40 60 80 100 120 140 
NHC Best Track Storm Intensity [kts ) 

10° 101 102 103 

Number of GLM Flashes 

https://ntrs.nasa.gov/search.jsp?R=20190034030 2020-03-28T18:47:55+00:00Z


