
Severe Weather Applications:

A SPC Perspective
GOES-R/JPSS PROVING GROUND/RISK REDUCTION SUMMIT
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SPC Operations
 Continuous Weather Watch over entire CONUS

 Severe Weather Watches

 Mesoscale Discussions

 Convective Outlooks out to 8 days

 Thunderstorm Outlooks

 Fire Weather Outlooks out to 8 days

 Communicate the hazards to many partners: 

including WFOs, EMs, broadcast partners, and 

the public

 Use NAWIPS for data viewing and product 

issuance



Monitor the Large Scale Environment to Refine 

Convective Outlooks

 Focus on large scale features

 Utilize Water Vapor Channels the 

heaviest here

 Compare CONUS and World 

Composites to upper air charts and 

model initializations to match obs to 

model

 NT Microphysics RGB has also aided 

in detecting low stratus overnight for 

initial Day 1 Outlooks



Identify Areas Prime for Convective Initiation 

for Watch Issuance

 CONUS and Meso Sector VIS & IR

 Boundary detection

 Looking for glaciation



Identify Features on Small Spatiotemporal 

Scales for Mesoscale Discussion

 Monitor ongoing convective trends

 Look at cloud top temperature trends, 

especially for MCS maintenance and decay

 Look for interaction with boundaries 

 Identifying unstable vs. stable air masses

 Cloud streets, billow clouds, gravity waves 

etc...

 Monitor for initiation prior to watch issuance 



SPC Operational Challenges and 

Opportunities for Improvement

 Still using NAWIPS to issue products and many satellite products are not 

currently available on SPC NAWIPS or are degraded somewhat by 

limited color availability

 Satellite Derived Winds, GLM Products, RGBs, TPW etc...

 Information overload can occur with many areas to monitor nationally

 Being able to see through or more easily detect multiple cloud layers

 Satellite soundings that adequately depict the boundary layer for data 

sparse regions to compare to model soundings

 Low-Level Water Vapor retrievals closer to the surface

 Cloud top delta T product tracking features

 Pre-cloud glaciation products
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NWS Regional Support of 

Integrating Satellite Data for 

Severe Weather

FEBRUARY 24, 2020 – Satellite Proving Ground Risk Reduction Summit

Presenter: Chad Gravelle, Tech Dev Met, NWS Southern Region HQ

https://www.commerce.gov/
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NWS Southern Region Headquarters

Southern Region 

Headquarters provides both 

administrative and 

operational support to its 

field offices and manages 

the Region's programs, 

scientific enhancements, 

and staffing.

https://www.commerce.gov/
https://www.commerce.gov/
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Mesoanalysis

https://www.commerce.gov/
https://www.commerce.gov/
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February 24, 2018 – Clarksville, TN EF-2 Tornado

QLCS Tornado After Dark

Nearly 90 Homes Damaged

Zero Fatalities and Few Injuries

https://www.commerce.gov/
https://www.commerce.gov/
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“Many homes were destroyed and a few people sustained serious injuries,

but the NWS warning gave most people time to take cover. There would

have undoubtedly been fatalities had the warning not been issued so

early.” - Montgomery County Emergency Manager

February 24, 2018 – Clarksville, TN EF-2 Tornado

https://www.commerce.gov/
https://www.commerce.gov/
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https://www.commerce.gov/
https://www.commerce.gov/
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Operations Proving Ground Mesoanalysis Eval

“Use of satellite imagery to enhance understanding of ongoing physical 

processes.” – Most common participant takeaway from OPG Report

https://www.commerce.gov/
https://www.commerce.gov/
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https://www.commerce.gov/
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ProbSevere v2

https://www.commerce.gov/
https://www.commerce.gov/
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Lightning Safety

https://www.commerce.gov/
https://www.commerce.gov/
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GOES-16 Red Visible and Clean IR Merge, MRMS 0°C Z, GOES-16 GLM FED, and ENTL IC/CG

https://www.commerce.gov/
https://www.commerce.gov/
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GOES-16 Red Visible and Clean IR Merge, MRMS 0°C Z, GOES-16 GLM FED, and ENTL IC/CG

https://www.commerce.gov/
https://www.commerce.gov/
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chad.gravelle@noaa.gov

NWS Southern Region HQ

Science Technology Services Division

Techniques Development Meteorologist

https://www.commerce.gov/
https://www.commerce.gov/
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Severe Weather Applications: 

A WFO User Perspective

JPSS/GOES-R Proving Ground / Risk Reduction Summit

Presenter: Chauncy Schultz, SOO, NWS Bismarck, North Dakota

https://www.commerce.gov/
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Impact-Based Decision Support Services

WFOs communicate expected hazards, including via warnings

https://www.commerce.gov/
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WFO Desired Outcome #1: Assess environmental 

“preconditioning” to collaborate/message risk
NUCAPS Confirms Capping

Operational Challenges: Data availability/integration, balancing with model simulations, identifying features  

Water Vapor/ALPW Track EML “Billow” Clouds = Higher BL SRH

https://www.commerce.gov/
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WFO Desired Outcome #2: Anticipate convective 

initiation at small spatiotemporal scales

Operational Challenges: Identifying subtle features, multi-layer dependency, lack of pre-glaciation products 

Visible band and Day Cloud Phase RGB illuminate initiation elements, including orphan anvils

https://www.commerce.gov/
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WFO Desired Outcome #3: Issue detailed severe 

thunderstorm and tornado warnings

Operational Challenges: Data overload for warning teams, AWIPS memory, lack of trend tools/calibration

Visible/Infrared Sandwich Product for Updraft Strength / Seeing AACPs GLM for Updraft Strength/Trends

https://www.commerce.gov/
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Opportunity: Improved Convective Initiation Tools
NUCAPS Moisture and PBL Sensitivity

NUCAPS ~19 UTC 18 UTC KMPX RAOB

Boundary/Forcing Challenges

Ideas from the field:

- Can NUCAPS be paired/blended with RAP PBL data 

and/or surface observations automatically?

- Can GOES-R derived stability indices be improved?

Ideas from the field:

- Can a convective initiation algorithm be 

developed?

- Can the split-window product be 

improved?

https://www.commerce.gov/
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Opportunity: GLM Tool Development

GLM Flash Extent Density Jump with Unwarned EF2 Tornado

T-10 minutes T+1 minutes T+6 minutes

Ideas from the field:

- Can a calibrated GLM lightning jump algorithm offer situational awareness? Could it be paired with 

baseline imager and/or RGB products for additional updraft strength/trend identification?

- Can GLM be refined/improved (or “bias corrected”) to offer consistent values no matter the storm 

type and geographic region?

https://www.commerce.gov/


Adapting Satellite Soundings for Operational 
Forecasting

Rebekah Esmaili (and many, many others!)

Science and Technology Corporation, Columbia MD

Sounding meetings/talks

• Sounding splinter session Tuesday 12:15 – 13:15 (NCWCP Library, 1st floor)

• Chris Barnet, Juying Warner: Atmospheric Composition, Thursday 15:30 – 16:00

• Jun Li: Special Topics/Innovation, Friday 8:45 – 9:00



Forecasters use satellite soundings to visualize 
atmosphere in 3D 

NUCAPS* soundings …
• Supplement radiosondes 

with wide swaths of 
soundings from JPSS 
satellites

• Retrieve vertical 
temperature, moisture, and 
trace gases

• Calculate stability indices

• Are available multiple times 
during the day 

• Are model-independent

2/24/20 Visit https://weather.msfc.nasa.gov/nucaps 2
*NOAA Unique Combined 

Atmospheric Processing System



NUCAPS used to examine the 
pre-convective environment

3

34 tornadoes in AL, FL, GA, SC

March 1, 2019
Overpass time: 18:50 UTC
Most Unstable (MU) CAPE: 1264 J/kg
Lifted Index value of -4

Tornado outbreak in Alabama and Georgia
https://cimss.ssec.wisc.edu/satellite-blog/archives/32150

• Vertical thermodynamic state
• Spatial gradients 
• Three-dimensional features

2/24/20 Visit https://weather.msfc.nasa.gov/nucaps



NUCAPS evaluated by NWS forecasters in the 
Hazardous Weather Testbed (HWT) since 2015

• Forecasters are provided 
with experimental 
products to issue warnings 
in an environment that 
replicates their operational 
workstations

• Researchers, developers, 
and subject matter experts 
are in the room with the 
forecasters

HWT Goals
• Train forecasters in new products/technology 
• Evaluate new products ahead of their release in 

operations

2/24/20 Visit https://weather.msfc.nasa.gov/nucaps 4



Incremental product 
development from 

forecasters feedback

Courtesy of Jack Dostalek, CIRA

Boundary layer modification

Data fusion with NWP models, ABI
NUCAPS+ABI+Sfc Obs Water 

vapor MR@850 hPa shows 

good agreement w/reanalysis

NUCAPS-Forecast CAPE (J/kg)

Gridded NUCAPS: Plan-view/cross-section displays

Operational in AWIPS, Sept 2019!5Courtesy of Jun Li, CIMMS



How often would you use NUCAPS in the 
future?
60% of HWT 2019 responses: “sometimes”, 
“usually”, or “always”

How can NUCAPS products could be more 
useful in the future?
50% of respondents indicated more satellite 
overpasses would be helpful

Ranked as important/very important:
1. Better boundary layer representation (and 

by extension, CAPE values)
2. More observations (e.g. having two 

satellites available in AWIPS)

User Feedback from 2019 HWT

2/24/20 6

As an operational forecaster, I like to compare model output, 
real-time obs, and any additional derived data. This image 
from the NUCAPES H85-H5 Lapse Rate can potentially help 
boost one’s confidence in particular synoptic situations. For 
example, suppose you were expecting a dryline to emerge 
east across W Texas, but guidance indicated otherwise and sfc
METARS were unavailable, using the NUCAPS Lapse Rate 
products can help determine the location of the dryline (for 
this particular setup). In this image, values reflect the drier 
air advancing east leading to steeper lapse rates. 

-- HWT Forecaster  2019
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• CAPE values too 
low in left retrieval

• Re-ran retrieval 
with GFS as the 
first guess

•  CAPE values 
significantly 
improved due to 
more realistic 
boundary layer

GFS First GuessOperational NUCAPS

1835 to 1845 UTC (N20) 5 June 2019; Springfield, IL

2/24/20 Visit https://weather.msfc.nasa.gov/nucaps

Future Improvement: Better boundary layer



Satellite Equator overpass (local time)

NOAA-20, S-NPP, AQUA 1:30AM/PM

Metop (A, B, C) 9:30AM/PM

2/24/20 Visit https://weather.msfc.nasa.gov/nucaps 8

Future Improvement: More sounding data

• Only NOAA-20 NUCAPS is 
available to operational 
forecasters via SBN

• Adding additional sounders 
(e.g. Suomi-NPP) to allows 
forecasters to see changes in 
space and time

• Increase ROI of existing 
sounding assets
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Analysis and Detection of 
Hazardous Thunderstorms Through 
Remote Sensing Data Fusion

Kristopher Bedka
Science Directorate, NASA Langley Research Center

Cold, Rotating 
Overshooting Top 

Updraft



A 2017 National Academies Earth Science Decadal Survey Most Important Question: 
“Why do convective storms, heavy precipitation, and clouds occur exactly when and where they do?”

Over the last 10+ years, NASA, NOAA, and other agencies/industry have supported NASA Langley and 
partners to analyze geostationary (GEO) data and a variety of other datasets to better understand, 
detect, and predict hazardous storms

GEO imagery/products at up to 30-sec frequency, and historical LEO/GEO data are being used to:

1) Characterize storm evolution and recognize unique signatures that occur in advance of hazardous weather 
such as hail, tornadoes, damaging wind, ice crystal icing, and aviation turbulence

2) Develop and demonstrate state-of-the-art derived products and analysis methods that could improve 
hazardous storm detection and forecast lead-time 

3) Perform climatological hailstorm analysis to characterize hail frequency/risk in regions with limited radar 
data, and the assess the capability of satellites to observe hail damage

4) Better understand how intense convection impacts upper troposphere – lower stratosphere composition

Introduction



Remote Sensing Data Fusion 
For Hazardous Storm Analysis

Data Fusion: The process of integrating multiple, 
diverse datasets for combined analysis

Radar-based storm tracking is used to integrate:

1) GOES storm updraft detection/characterization, 
and cloud-top wind flow data

2) Radar-observed wind flow, storm vertical structure 
and microphysics data

3) Ground- and GOES-based lightning detections

4) Weather prediction and reanalysis model data

5) Severe weather reports

6) National Weather Service severe weather warnings

to better understand and predict storm hazards

Photograph By: Roland Welser (DLR) over Northern Texas on 29 May 2012 during the DC3 Field Campaign
Storm is producing 2.5 inch diameter hail at the time of the photo
Graphic Designed By Timothy Marvel, Kristopher Bedka (NASA LaRC) and Cameron Homeyer (University of Oklahoma)

Radar-Observed 3-Dimensional Storm Structure
Radar Storm Tracking

Radar data and images courtesy of Cameron Homeyer, University of Oklahoma.  Learn more at: http://www.gridrad.org

http://www.gridrad.org/
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GOES-16 Visible and Texture Detection
GOES-16 Infrared, Overlaid With Detections of 
Embedded Overshooting Top Updraft Regions

Visible Texture and IR Overshooting Detection 
Overlaid On Radar Reflectivity At 10 km Altitude

Automated Hazardous Storm Detection From LEO or GEO Visible and IR Data
• Overshooting Top and Enhanced-V Detection was an “Option 2 / Future Capability” product requirement for GOES-R, and detection 

algorithms were delivered to the GOES-R Aviation Algorithm Working Group in 2011

• Based on user feedback within the NOAA Hazardous Weather Testbed and other studies, recent research has greatly improved our 
ability to detect and characterize storm updrafts using VIS and IR data. These products have been used in over 20 publications
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Key Findings From Recent Research
• Analysis of over 8000 storms revealed that, on average, tornadic storm updrafts are more intense than those within other 

storm types based on almost every radar, lightning, and satellite-derived metric (Sandmael et al. 2019)

• Storm top divergence and rotation can be retrieved from 1-min GEO data, and these properties are closely linked to storm 
updraft evolution and severity (Apke et al. 2016, 2018)

• Quantification of visible texture is better linked to above-anvil radar echo penetration than IR temperature patterns 
(Bedka and Khlopenkov 2016; Sandmael et al. 2019)

• The combination of tropopause-relative IR temp, storm-top divergence, above anvil cirrus plume presence, and ENTLN 
lightning flash rate combined with NEXRAD-derived indicators can improve severe storm detection beyond NEXRAD alone 
(Mecikalski et al. 2020)

• Assimilation of GOES cloud water path retrievals within the NSSL WRF model improved severe storm forecasts
(Jones et al. 2016; Skinner et al. 2018)

• Aircraft ice crystal icing (ICI) conditions most often occur in cold, optically thick cloud within 40 km of an overshooting 
cloud top (Yost et al. 2018; Bedka et al. 2019).  Automated overshooting top and ICI detection products were very well 
received by NOAA Southern Region CWSU forecasters during an evaluation conducted in Spring 2019 by NASA SPoRT.

• Overshooting top climatologies derived from GEO data have been extremely useful for determining regions most often 
impacted by hazardous storms across the world (Punge et al. 2017; Thiery et al. 2017; Bedka et al. 2018)

• Based on analysis of 1-min GOES-14/16 data, nearly 60% of storms that generated an above anvil cirrus plume were 
responsible for reported severe weather (Bedka et al. 2015, 2018)



Above Anvil Cirrus Plumes 
An Indicator of Intense Updrafts, Ice Injection Into the 

Stratosphere, and an Extremely Severe Storm

• Intense thunderstorm updrafts inject plumes of cirrus into the 
stratosphere, where cirrus plumes become warm (see left)

• The above-anvil cirrus plume is the strongest indicator of a severe 
storm ever quantified in visible/IR satellite imagery (Bedka et al. 2018)

• Analysis of over 4500 storms showed that plume storms produced 14 
times more severe weather per storm than storms without plumes 

• Over 85% of 2+ inch hail and EF-2+ tornado events were generated by 
storms with plumes

• Plume-producing storms often exhibit supercell characteristics

• On average, plumes appeared 30 minutes before the first severe 
weather was generated by a storm

• Plume identification can augment severe storm warning and help 
forecasters identify severe storms in areas without radars

• The NASA DCOTSS airborne campaign seeks to sample plumes and 
overshooting top outflow with the ER-2 aircraft to understand how 
these storms impact stratospheric composition

LEARN MORE:  https://climate.nasa.gov/news/2782/severe-storms-show-off-their-plume-age/
https://satelliteliaisonblog.com/2019/06/24/use-of-goes-16-imagery-during-colorado-severe-weather-event-on-26-may-2019
https://doi.org/10.1175/WAF-D-18-0040.1 
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National Weather Service Severe T-Storm and 
Tornado Warnings Active at Start of Animation 

Yellow shading surrounded by red,
~10° C IR temperature difference

indicates an Above Anvil Cirrus Plume 
in storms numbered 1-9

https://climate.nasa.gov/news/2782/severe-storms-show-off-their-plume-age/
https://satelliteliaisonblog.com/2019/06/24/use-of-goes-16-imagery-during-colorado-severe-weather-event-on-26-may-2019
https://doi.org/10.1175/WAF-D-18-0040.1


Develop the Highest Possible Resolution 
and Longest Duration Satellite and 

Reanalysis-Based Hail and Severe Storm 
Climatologies, Tested and Validated With 

Spotter Reports, Doppler Radar Hail 
Detection, and Insured Losses

Geostationary Lightning Flash Rates 
and Flash Characteristics Consistent With Hailstorms

Up to 25 Year Duration, 
~4 km and 10-30 min 

Resolution Regional GOES 
and Meteosat Visible and 

Infrared Detections of 
Hailstorm Clouds

Demonstrate Use of High Resolution 
Optical Imager and SAR Data To Identify 

Hail Damage Swaths For Post-Event 
Response and Insurance Claim Analysis

Hailstorm Environment Climatologies
From Reanalyses

Optical Imager (e.g. LandSat-8)

and SAR (e.g. Sentinel-1)

Observations of 
Hail Damage Swaths

Hail Damage To 
Corn

Contains modified 
Copernicus Sentinel data (2019)

Use Climatologies To Develop Reinsurance Hail 
Catastrophe Models, Improve Understanding of Hailstorm 

Distributions at High Spatio-Temporal Resolution, and 
Address Important Decadal Survey Science Questions

Provide Near-Real Time Geostationary Products To Aid 
Severe and Aviation Weather Forecasting 

Visualize and Provide Data to The International 
Community With GIS-Based Tools

Project Partners 
NASA LaRC and MSFC, U. Alabama in Huntsville, Willis Towers Watson, 

Karlsruhe Institute of Technology, University of Buenos Aires, 
Brazil National Institute for Space Research CPTEC, 

National Meteorological Service of Argentina, University of Pretoria,
Insurance Institute for Business & Home Safety 

Hail Storm Risk Assessment Using Space-Borne Remote Sensing
Observations and Reanalysis Data

PI: Kristopher Bedka (NASA LaRC) Up to 30-Year Duration
Global Passive Microwave Hailstorm Database



CIRA Visible + IR Sandwich Animation of a 
Plume-Producing Supercell Near Lubbock, Texas on 5 May 2019

QUESTIONS / COLLABORATIONS?
kristopher.m.bedka@nasa.gov



https://lightning.umd.edu/glm/
https://vlab.ncep.noaa.gov/web/geostationary-lightning-mapper/

Geostationary Lightning Mapper 

Update and Applications
Scott Rudlosky (NOAA/NESDIS/STAR) 

GOES-R JPSS Summit (24 February 2020)



Geostationary Lightning Mapper
 First of its kind instrument, discovering 

new things daily, two product lines

 Clearly a lightning imager rather than a 

detector (very fine temporal resolution)

 Have only scratched the surface in 

terms of instrument capabilities

 The TRMM Lightning Imaging Sensor 

(LIS) could require up to 35 years to 

sample the diurnal cycle for the 

equivalent of the 257 days (~9 months) 

studied by Rudlosky et al. (2019) 2

GOES-16 GLM

GOES-17 GLM



GLM L2 Product Status
 https://lightning.umd.edu/documents/GS_Status/

 GLM_GS_Status_8_21_19.pdf - lists all known GLM-related 
changes to the Ground System (GS) software since initial 
deployment 

 GOES16_GLM_FullValidation_ProductPerformanceGuide.pdf
summarizes key performance metrics and existing issues of the 
GOES-16 GLM L2 data product found on November 1, 2018

 Variable performance still must be better                 
documented, understood, and communicated 

 With time, as the onboard settings and GS processing evolve

 Within the FOV (i.e., diurnal, regional, and storm-scale variability) 

Bahama Bar Before and After

https://lightning.umd.edu/documents/GS_Status/GLM_GS_Status_8_21_19.pdf
https://lightning.umd.edu/documents/GS_Status/GOES16_GLM_FullValidation_ProductPerformanceGuide.pdf


GLM in the National Weather Service
 The GLM observations 

fundamentally differ from the 

ground-based lightning data most 

familiar to forecasters 

 Collaborative effort developed a 

new suite of gridded GLM products 

tailored to NWS operations

 Gridded products presently 

produced and distributed via 

experimental channels (AWC – CRH 

– Other RHs – WFOs)

Flash 
Extent 
Density

4

Average 
Flash Area

Total 
Optical 
Energy



 Experimental distribution results in product downtime (and sub-optimal 
latency) which discourages operational use

 Must accelerate hardening of this product path to encourage forecaster 
use and best advise deliberations on next generation architecture 

 Proposed path forward:

1. Include the x, y, lat, lon, and pixel ID in the L2 data to drastically simplify 
derivation of the gridded products [FY20]

2. Develop much simpler image processing codes in the CSPP-GEO to 
compute official GLM gridded products at each GRB site [FY20]

3. Transfer CSPP-GEO decoder to the GOES Ground System to broaden 
availability of the gridded products (e.g., SBN, GEONETCast) [FY21]

GLM Path Forward

5



GLM Outreach
 Aim to promote proper use and interpretation (e.g., new visualization website)

 https://lightning.umd.edu/glm/

 NWS VLab Webpage 

 https://vlab.ncep.noaa.gov/web/geostationary-lightning-mapper

6



GLM Application

7

Case contributed by Chad 

Gravelle (NWS SRH)

Summarized by Scott 

Rudlosky (NESDIS STAR)



GLM Application

8

Case contributed by Chad Gravelle (NWS SRH)

Summarized by Scott Rudlosky (NESDIS STAR)



GLM Application
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Cases contributed by Chad 

Gravelle (NWS SRH) and    

Brian Carcione (NWS/HUN)



GLM Application

10

Cases contributed by Chad 

Gravelle (NWS SRH) and    

Brian Carcione (NWS/HUN)



Thank you for your attention

11

Experimenting 

with GLM Storms
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