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Dr. Geoffrey
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About the Presenter

NASA SPoRT total lightning expert
13 years of operational applications with lightning data (10 supporting U.S.
National Weather Service)
GOES-R Satellite Liaison (training and awareness) for the GLM
Key activities
» Lightning safety for Kennedy Space Center, Cape Canaveral Air Force
Station, and Kodiak Launch Complex (Alaska)
« Auviation and safety applications
« Severe weather / situational awareness




N7 SA Short-term Prediction Research and Transition (SPoRT) Program

SPoRT is focused on transitioning unique NASA and NOAA

" | P——— observations and research capabilities to the operational
the Entire Process weather community to improve short-term weather forecasts on
Broduct g 7 a regional and local scale.
Fully Identify : : : .
 Transitioned ' Forecast o Collaborations with weather forecast offices [ National
y S " Problem Centers across the United States
/ \ ™. | Match — o SPORT activities began in 2002
Decide if ' Research . ors .
' Problem e Proven paradigm for transition of research and experimental
Addressed ‘ data to “operations”
Assess ~ Develop @
' Operational Solution /
Impact " SA
Provide '
End-user y .
Training " Benefit
o Demonstrate capability of NASA and NOAA experimental
Testbed Environment products to weather applications and societal benefit

o Prepares forecasters for next generation of operational
satellites (JPSS, GOES-R)




: 1450 UTC

Total Lightning ... In a Flash

E:ET\iEL

Spatial
extent

Developing
updraft

Total Lightning

* Intra-cloud and cloud-to-ground
* Rapid updates
Physical Reasoning

* Driven by updraft in mixed phase region
(above -10°C)
e Stronger, deeper updrafts
* More lightning

* Increase = strengthening updraft
Applications

e Rapid increases = lightning jumps
» Severe weather decision support
e Lightning safety: Extent and lead time on
first cloud-to-ground
* Aviation: Convective activity




Total Lightning ... In a Flash

— — 14?5“‘0*UTC Total Lightning
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/" Total Lightning . « :
o O.a E n_l,ng X STEUET * Intra-cloud and cloud-to-ground
| W / - | extent  Rapid updates
|/ Physical Reasoning
H' Developing * Driven by updraft in mixed phase region
| — updraft (above -10°C)
) L * Stronger, deeper updrafts
s o * More lightning
T e
. 1452 UTC Radar 2 min after * Increase = strengthening updraft
3.0° Reflectivity | . AN AIIYo0S Applications

~6100 m (mixed lﬂ’ AR
phase region) g

e Rapid increases = lightning jumps
Lightning 10s of » Severe weather decision support
km from updraft e Lightning safety: Extent and lead time on
first cloud-to-ground
* Aviation: Convective activity

Maximum of lightning
coincident with updraft




e Combination of intra-cloud and cloud-to-
ground observations

Majority of lightning is intra-cloud

Intra-cloud flashes typically precede first
cloud-to-ground flash

Useful for safety applications

e Spatial extent information is completely
new ability to support safety

Lightning Activity
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Advantages of Total Lightning

Storm Number

Cloud-to-Ground

Intra-Cloud



NASA operated networks
O Collaborative data sharing

Colorado

Toronto

Proposed or currently unavailable *. "

‘. ] ‘ ' Washington

D.C.
-

Oklahoma

} Langmuir Wallops
..'t' Laboratory Island
Kennedy
Space

Center

Where Have We Been??

Variety of Collaborators

e Forecast offices
 National Centers
* Emergency Managers



A bceudo GLM flash extent density
.~ Earth Networks IC/CG flashes

rv ‘ GOES- 14 super rapid scan IR
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PGLM - Shaded
ENI CGs — Blue
ENI ICs - Yellow
circles

------ e . i 1 Minute Clowd Flash ENTLM Lightning Plot Thu 1808 11- jun-15
| - * LOES- 14 SREOR IR Imagery  Thiy TEOEF 11-jumr- 15
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From Hazardous Weather Testbed

Where Have We Been??

Variety of Collaborators

e Forecast offices
 National Centers
* Emergency Managers

Initial Demonstration Work

* Used the NASA SPoRT
Pseudo-GLM

e Simple product from
ground-based lightning
mapping arrays

* Training tool — Using 8 km
resolution flash density



aring for the GOES-R Launch

Later this month!

 Shift to satellite-based total
lightning observations

* Internet display (left) for
lightning safety at Marshall
Space Flight Center

* Older version used by
emergency managers during
U.S. Women’s National Soccer

>>>>>>>

r NASA Marshall \
Space Flight
Center

Y Team game
* Helped decision to evacuate
Total lightning internet display for lightning safety 20 thousand spectators
using ground-based lightning mapping array

e But, also need training ...




SRRy i || * Animation shows ONE flash from a
' high resolution research network

 Consider:

GG
_ 2 NLDN e Amount of information not

flash h
?;lyezc(a?ntos\;vs conveyed by NLDN or Earth
Networks now

 GLM attempts to give some of
that information, albeit at lower
resolution

¢ e s W e Also consider that light will be
Ligiios Haring fer . scattered by clouds

080128, I95HEE = 0B30L: 20, GFRELEZ .
ion  L.P2B020) Seconds o 2]

- Scattered light from flash by clouds




Training Activities

Introduction to the GLM

Produced by The COMET® Progran|

Observing Lightning » Producing GLM Flashes

Detection

the images in each group.

First Return Stroke

e Visualizing the Geostationary

st sumvey g e

Lightning Mapper in AWIPS

Requires the 30 minute “Introduction to the GLM”
module

Dr. Geoffrey Stano onary Lightning Mapper?
5% NASA SPoRT / ENSCO, Inc., Huntsville, A :
% : ;-l * Not first space-based lightning
; ’q detector

Launched 9 August 2016

, * First space-based operationally
“ usable lightning detector

I * A high speed “feature” detector
operating in the near infrared

* Conceptually, a large digital camera

* Identifies brightness differences
from cloud top background per
pixel (i.e., events of a flash)

¢ Additional details in the GOES-R
} Foundational Course modules




tional Examples

Part of an “Applications Library” under development

The following two examples use a training GLM
“proxy” called the pseudo-GLM

Derived from ground-based lightning mapping arrays

Not an exact GLM replica, but simulates temporal
and spatial features
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72327 BNA Nashville

A Severe Weather Example
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.. Nashville, TN

72230 1%31)( Sljelby County Airport

-40 =30
00Z 25 Apr 2010

- Univeréily of Wyoming

CAPE 300-1100 (N to S)
Moisture through 700 mb
PW1.19-1.57in(NtoS)
Indices show severe wx
Weak vorticity
Good jet dynamics

e Diffluence @ 250 mb
Approaching warm front

Triple point to west
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Storm Is Cycling
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« Convert ground-based lightning
mapping array into GLM

o = g observations

la

) .  Uses LMA calibrated from TRMM-
| T/?@ LIS to create events, groups, and
- flashes similar to GLM
sroups * Developed by lightning group at
B
N

/ o —— " Marshall Space Flight Center

« Unavailable in real-time
-I.  Excellent training tool

Flashe
|




LM Details: Events, Groups, and Flashes (1)

Examples show 0,

1 minute density ]

chchchch

8 km at nadir, 14 km at edge

GLM will have no more than
20 s latency

Event: Any illuminated pixel
during a 2 ms window — Most
basic GLM observation



GLM Details: Events, Groups, and Flashes (2)

PO = = oy

A

Examples show
1 minute density

zzzz

8 km at nadir, 14 km at edge

GLM will have no more than
20 s latency

Event: Any illuminated pixel
during a 2 ms window — Most
basic GLM observation

*Group: Cluster of Events In
time and space — Weighted by
optical intensity



PO = @

Examples show
1 minute density

zzzz

Groups, and Flashes (3)

8 km at nadir, 14 km at edge

*GLM will have no more than
20 s latency

Event: Any illuminated pixel
during a 2 ms window — Most
basic GLM observation

*Group: Cluster of Events In
time and space — Weighted by
optical intensity

*Flash: Cluster of Groups in
time and space — Location
weighted by optical intensity —
Currently plotting flash centroid
only



GLMA Lightning Bkm Grid - Fri 14:307 02-Mar-12
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Integrated Example (1)

GLM Proxy Event Density ! . B

Groups

Initial
/N development
Hytop 0.5 Degree Reflectivity (dBZ) 8 hit

GLM Proxy Group Density Wlth Stronger

updrafts
B '« NOTE: Showing
- S GLM-proxy

GLM Proxy Flash Density ; , - Summed Over

8. ; B 3y 4 .
tgd g ' one minute
N = ‘
2. A
0. \
- b % '
(= 0‘
6. 4
L PN —~ -
a \,‘ \‘\ khix 0.5 (Reflectivity (dBZ) 8hit Fri 14:317 02-Mar-12
0. 5 P :
1430 1435  14:40 1445 1450 1455 15:00 15:05  15:10 15:15  15:20 15:25  15:30 ; ?

e e e
- i -

Max Flash Density

£




Integrated Example (2)

GLM Proxy Event Density 40 E

Groups -

e Storms
Intensifying
4:45 14:50 14:555:'13“13' 5:05 5:10 5:15 5:20 5:25 5:30 60.0 ® G LM identifying
GLM Proxy Group Density Where to fOCUS
most attention

Hytop 0.5 Degree Reflectivity (dBZ) 8 bit

« NOTE: Showing
440 14:45 1450 1455 15000 15:05  15:10  15:15  15:20 5:25 530 0.0 = a0 = Teo — o0 —oc 0 — =0 — 20 G L M - p rOXy
GLM Proxy Flash Density 3 g N - TN Summed Over
| ’ ~ one minute

Max Flash Density

khtx 0.5 (Reflectivity (dBZ) 8bit Fri 14:317 02-Mar-12




E

GLM Proxy Event Density

Integrated Example (3)

[ Groups -

« Rapid increase In
all GLM products

) 5:20 5125 5:30 :” - MOSt Iikely to
GLM Proxy Group Density Iead to Seve re
weather

‘

Hytop 0.5 Degreé Reflectivity (dBZ) 8 bit

Max Group Density

. * NOTE: Showing
440 1445 1450 1455 1500 1505 15:10 15:15 1520 1525 15:30 r“ e —_—————————————————————— & G L M - p rOXy
240 5 50 5:00 5.05 5:10 515  15:20 525 5:20 B8
GLM Proxy Flash Density \ " \J ) oag ‘-:‘;‘;l'. 5 A SU m med Over
a1 . I T

one minute

Max Flash Density

khtx 0.5 (Reflectivity (dBZ) 8bit Fri 14:467 02-Mar-12




RARY ASSESSMENTS

Future Work
JINASA SPORT Traning i

Prepare for first GLM observations

JRY ARCHIVES: TOTAL LIGHTNING

* Visualization tools

APPLICATIONS LIBRARY :: TOTAL LIGHTNING PROVIDES ADVANCED LEADTIME FOR
TORNADOEVENT e

 Build applications library for training using
MMMMMMMMMMMMM : GLM

Application Assessmen ts

aviation featres ) )
m:%'gﬁ?t;g;;f}(RGB> « Base concepts on ground-based lightning
satellite

Meteorology totl mapplng al’rayS

> B
> L
melll:
HeRNE: |
L U H
| | B
= | H
) *
OQ.

[ ]

Coordinate with operational partners for a
GLM operational evaluation

« Summer / Fall 2017
 Opportunities for new collaborations

Application Assessments
aVIatlon featured

SPORT

Multispectral (RGB)




" Questions?

Dr. Geoffrey Stano GOES-R web page:
geoffrey.stano@nasa.gov http://www.goes-r.gov/
‘ NASA SPoRT web page: The Geostationary Lightning Mapper:
X http://weather.msfc.nasa.gov/sport/ http://www.goesr.gov/spacesegment/
glm.html

Wide World of SPoRT Blog:
https://nasasport.wordpress.com

@ Short-term Prediction Research and Transition Center



