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Impact of Lightnifjg in the U.S.
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e Aircraft & Mariners jor ignition source.
e Stadiums & Festivals Lightning-ignited fires burn more acres than
e Amusement Parks K@Ran-ignited fires.
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L'ightnin'g.Cast AI'QOrithm'

4 16 16 # of feature maps 32 16 16 1

Model Architecture

e Image-based Al model: CNN
e Model: “"U-net”
e Learns salient spatial & multispectral features

2944 x 3328 spatial dimensions

1472 x 1664

Predictors (GOES-R ABI)
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B feature maps
—> conv 3x3, ReLU
max pool 2x2
~—> up-conv 2x2

e Band 5 (2.6-pm reflectance 1-km) . . ok oG

==> copy + concatenate

e Band 2 (0.64-pum reflectance at 0.5-km)

368 x 416

e Band13(120.3-pm BT 2-km)
e Bandaig(22.3-um BT 2-km)

Target / Truth (GOES-R GLM)

e Next Hour Flash Extent Density
e Optical sensor (777.4 nm)

® 8-kmresolution

Output:

e Probability of Lightning within 1 hour —
— 10% 25% 50% =—75% |

e 2-kmresolution
\_ J

Probability of lightning in 60 min

Example Prediction Output

Cintineo et al. 2022 (WAF)
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https://doi.org/10.1175/WAF-D-22-0019.1

From Science to CSPP Geo LightningCast Package

e |work as a Software Engineer on both teams -
o Allowed for rapid development of L‘ightningCést Package |
"0 Allowed for wider testlng and faster responsweness inthe
~science code = - |
e Demonstration of nghtnlngCast Package
o Plugand play
- 0 Streamlined interface
o Somewhat differing capabilities
O V1 beta 2 out now W|th V1 coming soon
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Satelllte Support

o L|ghtn|ngCast Package supports GOES- R Series -

o Al Sectors mcludmg Full Disk, CONUS/PACUS I\/Iesoscales1and 2

@ FUII functlonallty

o LightningCast Package supports Himawari
~ 0 Both Himawari8and g |
O Only Full Disk sector -

o Most functionality

*The LightningCast Package doesn't support Meteosat but the science team has limited support for MTG / FCI.
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Resource Requirements

Single Image Domain [ Subset Full Parallel Process’ing
~ Any one of: - = Comprehenswe Coverage: -
e Meso domain. (GOES East or GOES- West) | e Allimage domains and subsets for GOES-
° CONUS domaln (GOES- East o GOES- - ~ East, GOES-West and Himawari-Running
© West) ; e paraIIeI (all satellites, sectors and

AWIPS cutouts)

e Any AWIPS Full Disk predefined cut- out ~
3 20GHz, 32—core, 256GB RAM

(GOES East*, GOES-West or Himawari)

3. 8GHz, 20—core;.64GB'RAM

*More than twice the size.of CONUS
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LightningCast Package Features
Satellite .Prbcessing Options ' - ' . :

e Optional parallax correction

° Regidn.o.finte'rest (Required for FU.II.Disk)

Advanced Visualization / Image Generation
‘0 Satellite based i'magefy B
@t Usés additional satellite bandé
o0 8image types
o Hierarchical borders (Upcoming Feature)
o  Full color customization for contours
- o Geostationary Lightning Mapper (GLM) overlay
. e GeoTIFFs S '
e Meteograms (upcoming feature)
Comprehensive Data Output Formats
e NetCDF file for both AWIPS and non-AWIPS systems (including built-in AWIPS sectors)
e GeoJSON data output |
e GRPlaceFile (used by U.S. NWS)
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Parallax Correction

° CuS’tom héights may' be used
@) May be set to on, off, or both.

‘o -Affects (but not requwed for) GeoJSON output and NetCDF
output .

° Required' for and used.'in_meteogram and GR Placéfile
output.

e Example invoke:

lightningcast --parallax both --parallax-height 9000
S INPUT FILE PATH
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- Parallax Correction Off vs On

Im.ages igelsy GOES.16,'ApriI = 20_25 over Arkanéas, USA

Coal Hill

Parallax Correction: OFF Parallax Correction: ON

*Visualized from LightningCast GeoJSON output using geojson.io
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Region of Interest

° Re.q'uir_edfo'r Full Disk

e Enables predictions, for sp'e'cific targeted areas

o Optlmlzes processing tlme by ignoring unnecessary data

° Conﬂgurable using Iatltude/Iongltude bounding boxes or data index boxes

e Example command:

./lightningcast --border-level 2 --make-tcirp-image --11l-bbox -
74.0 -34.7 -33.8 5.3 SINPUT FILE PATH

Cooperative Institute for Meteorological Satellite Studies
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GOES-19 FullDisk 2025-11-07 21:40 UTC

60°W 50°w 40°wW

10% 50% 90%
30% 70%

Probability of lightning in 60 min



‘Image Type: Day Land Cloud (DLC)

‘- e Useful for dlfferentlatmg both Elale and cloud features
~ @ Documentation here - | |

o .Exampl_e command:

./lightningcast --border-level 2 --make-dlc-image --1l-bbox -74.0
-34.7 -33.8 5.3 $INPUT_FILE_PATH

PR
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https://www.star.nesdis.noaa.gov/goes//documents/QuickGuide_GOESR_daylandcloudRGB_final.pdf

GOES-19 FullDisk 2025-11-07 15:10 UTC

60°W 50

o

e
/

10% 50% 90%
30% 70%

Probability of lightning in 60 min



" Image Type: Visible Image

- ‘- ° USGSJUStthe V|S|ble/red band

o Example command:

./lightningcast --border-level 2 --make-visible-image --11l-bbox -
74.0 -34.7 -33.8 5.3 $INPUT_FILE_PATH

Ll

Cooperative e Institute for Meteo IgIStIItStd
University of Wisconsin - Madison

14



GOES-19 FullDisk 2025-11-07 15:10 UTC

50°

30%

Probability of lightning in 60 min



_Im'ége'.Typ.e:;Déy Clou'c.l_'Convefc't'i.on

o Useful for visualizing cloud convection features .

@ Documentatlon here -

o Example command:‘

./lightningcast --border-level 2 --make-dcc-image --1l-bbox -74.0
-34.7 -33.8 5.3 $INPUT_FILE_PATH

PR

Cooperative e Institute for Meteo IgIStIItStd
University of Wisconsin - Madison

16


https://rammb2.cira.colostate.edu/wp-content/uploads/2020/01/QuickGuide_DayCloudConvectionRGB_final-1.pdf

GOES-19 Furlﬁll’?isk 2025-11-07 15:10 UTC

e
Tk
;e

10% 50% 90%
30% 70%

Probability of lightning in 60 min



'image-,TYpe: Sahdwich: :

o Useful for visualizing cloud convection features .
] Documentatlon here |

o Example command:‘

./lightningcast --border-level 2 --make-sandwich-image --11l-bbox -
74.0 -34.7 -33.8 5.3 $INPUT_FILE_PATH

£y
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https://www.star.nesdis.noaa.gov/goes/documents/SandwichProduct.pdf

GOES-19 FullDisk 2025-11-07 15:10 UTC

50°W

10% 50% 90%
30% 70%

Probability of lightning in 60 min



‘Image Type: Day Cloud Phase Distinction (DCP) -

: ‘- ° Useful for ldentlfylng cloud phase durlng the day
° Documentatlon here-

e Example command:

./lightningcast --border-level 2 --make-dcp-image --1l-bbox -74.0
-34.7 -33.8 5.3 $INPUT_FILE_PATH

gy.”\Cp rative Institute for Meteo IgIStIItStd
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https://rammb2.cira.colostate.edu/wp-content/uploads/2020/01/QuickGuide_DayCloudPhaseDistinction_final_v2.pdf

GOES-19 FullDisk 2025-11-07 15:10 UTC

10% 50% 90%
30% == 70%

Probability of lightning in 60 min



'l'm.age Ty‘pé:' True.C_O'Ior .(TC) '.

e For GOES satellites this is techniCaIly false true color

e Appears similar to what the earth would look I|ke from

orblt to human eyes |

o Example command:

./lightningcast --border-level 2 --make-tc-image --1ll-bbox -74.0 -
34.7 -33.8 5.3 $INPUT_FILE_PATH

Cooperative Institute for Meteorological Satellite Studies
University of Wisconsin - Madison

22



GOES-19 FullDisk 2025-11-07 15:10 UTC

70°W 60°W 50°wW

10°5 [N

20°S

10% 50% 90%
30% 70%

Probability of lightning in 60 min



| Ima'g'e. Type:‘IR Cloud 'P_hase (IRCP)

o Useful for |dent|fy|ng cloud temperatures at nlght

e Any otherimage type (except True Color- IRCP Hybrld) will

default to this if solar zenith angle > 85°

o Example command

./lightningcast —--border-level 2 SMAKE IMG ARG --1ll-bbox -74.0 -
34.7 -33.8 5.3 SINPUT FILE PATH

P G

rological Satellite Studie
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GOES-19 FullDisk 2025-11-07 21:40 UTC

70°W 60°W 50°W 40°w

10% 50% 90%
30% 70%

Probability of lightning in 60 min




Image Type: True Color IR Cloud Phase (TCIRP)

e Can use True Color, IRCP, or a mix .
- @ Prefers True Color
e Uses IR Cloud Phase where True COIdr isn't possible

e Example command:-

./lightningcast --border-level 2 --make-tcirp-image --11l-bbox -
74.0 -34.7 -33.8 5.3 $INPUT_FILE_PATH

g&’.‘. Cooperative Institute for Meteorological Satellite Studies
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GOES-19 FullDisk 2025-11-07 21:40 UTC

60°W 50°w 40°wW

10% 50% 90%
30% 70%

Probability of lightning in 60 min



Image Border-_LéveIs

o A\'/.aila}ble. on any Imagé'type

e Configurable to different levels:
o 0:No borders |

a Coastlines

2: Country borders (default)

3: States / provinces.

O O O O

‘4: US counties (US only)

e Example command

./lightningcast --border-level $BORDER LEVEL --make-tcirp-image --11-
bbox -74.0 -34.7 -33.8 5.3 SINPUT FILE PATH

g&’. i\ Cooperative Institute for Meteorological Satellite Studles
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GOES-19 FullDisk 2025-11-07 15:10 UTC

70°W 60°W 50°w

10% 50% 90%
30% 70%

Probability of lightning in 60 min



GOES-19 FullDisk 2025-11-07 15:10 UTC

70°W 60°W 50°w

10% 50% 90%
30% 70%

Probability of lightning in 60 min



GOES-19 FullDisk 2025-11-07 15:10 UTC

70°W 60°W 50°w

10°5 [N

20°S
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Probability of lightning in 60 min



Probability of lightning in 60 min
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GOES-16 CONUS 2025-04-05 21:36 UTC

91.5°W 90°wW

50% === 90%
s 70%
Probability of lightning in 60 min




Contour Probability Customization

o Default probability levels can be customized

5

©)
@)
@)

0]

Requires 1.- 8 values

" Affects GeoJSONS and images

| Allows arbitrary numibers

Defaults to 10%, 25%, 50%, 75%

| Defaulté to 10%, 30%, 5'0%, 70%, 90% (upcoming)

® Colors can be adjusted on images using hex values or strings

e Example command:

./lightningcast --probability-contours 13 42 78 99 --image-probability-
colors "olive" "orange" "#50c986" "#0f0f0f80" --1l-bbox -74.0 -34.7 -
33.8 5.3 --make-tc-image SINPUT FILE PATH

mﬁ\ Cooperative Institute for Meteorological Satellite Studies .
CIMSS University of Wisconsin - Madison



GOES-19 FullDisk 2025-11-07 15:10 UTC

7000 60°W

42% 78%

Probability of lightning in 60 min



 Geostationary Lightning Mapp_'er (GLM) Overlay

. e Gridded GLM output from the CSPP Geo Grldded GLM package may
©  be overlaid on image output .

e Allows visualizing lightning from W|th|n the last minute alongS|de
lightning predlctlon

e Shows how lightning act|V|ty may change from present

° Example command

./lightningcast --gridded-glm $GGLM PATH --1l-bbox -74.0 -34.7 -33.8
5.3 —--make-tc-image $INPUT_FILE_PATH

”Cp rative Institute for Meteorologica IStIItStd 36
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GOES-19 FullDisk 2025-11-07 15:10 UTC

7000 60°W

10°5 [N

20°S

32 48 64

GLM flash-extent density [fl (1 min) ™ 1] 30%

Probability of lightning in 60 min



| Meteog rams

e Uses output of past runs to graph change in probab|I|ty ina glven

area over time

Takes in a CSV with locations to meteogram generation

Helpful for recognizing trends. '
- Configurable timezone .

Example command:

./lightningcast --meteogram-locations $CSV_PATH --meteogram-timezone
America/Los_Angeles $INPUT FILE PATH

£oa
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Spring Valley Lake - California
goesl9-RadC: 2026 February 17
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Probability of Lightning (60 minutes)
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America/Los_Angeles

—&— PROBABILITY OF LIGHTNING AT LOCATION




Spring Valley Lake - California
goesl9-RadC: 2026 February 17
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GeoTIFF Output

e TIFFimage flle with addltlonal geographlc mformatlon

e Useful for specific geo- processmg software such as QGIS ArcGlS,
etc. .

e Example command:

./lightningcast --geotiff SINPUT FILE PATH

Foa,
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>

Visualized by QGIS



NetC'DF OutpUt

° Supports both AWIPS and non- AWIPS systems (mcludmg bU|It in
AWIPS sectors)

® Supports. paraIIax correction set to on, off, or both (multlple varlables
.|nf||es) | | < |

e Example command for non- AWIPS

./lightningcast --parallax both --netcdf S$INPUT FILE PATH

e ‘Example command for AWIPS:

./lightningcast --parallax both --awips-mode --netcdf SINPUT FILE PATH

\ Cooperative Institute for Meteorological Satellite Studles 43
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GeoJSON Output

° Lightweigﬁt and widely su'pported JSON based format

° Supports parallax correctlon setto on, off or both (creates multiple
flles) ' '

e On by default

e Example command (to turn off):

./lightningcast --parallax both --skip-geojson $INPUT FILE PATH

el
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GR PlaceFile Output

® Easy to use alongside radar data
e Used by US National Weather SerV|ce
° Requwes Parallax correctlon

e Example command:

./lightningcast --parallax both --gr-placefile SINPUT FILE PATH
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‘Contacts / Resources =

Levi Pfantz (Ipfantz@wisc.edu)

John Cintineo (john.cintineo@noaa.gov) |

https://cimss. SSeC.WiscC: edu/csppqeo/l|qhtn|nqcast html
- https: /[forums.ssec.wisc.edu |

Access this presentation:
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https://cimss.ssec.wisc.edu/csppgeo/lightningcast.html
https://cimss.ssec.wisc.edu/csppgeo/lightningcast.html
https://forums.ssec.wisc.edu
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