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2. Introduction 
• The appearance of convective cloud tops in satellite imagery can evolve very 

rapidly in association with dynamical and microphysical processes occurring 
deep within the cloud 
 

• Oscillations in storm updraft intensity affect the precipitation structure, lightning 
activity, and weather conditions aloft and at the surface, but these relationships 
have not been studied in detail from a satellite perspective.  
 

• Networks such as the Northern Alabama Lightning Mapping Array (NALMA) and 
the Earth Networks Total Lightning Network (ENTLN) provide information to 
detect total (cloud-to-ground and in-cloud) lightning flashes every second.  
 

• Total lightning data can be combined with radar-derived fields from the WSR-
88D to help us to better understand what is occurring within storms observed at 
1-minute resolution by GOES-14 during summer 2012 
– Emphasis is directed toward events where overshooting cloud tops 

(OT) were detected by the GOES-R Future Capability overshooting top 
detection (OTD) algorithm  
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3. Methodology 
• Long-lived severe storms observed by GOES-14 SRSO occurred over 

southwest Illinois on 16 August and over northern Alabama on 2 September 
2012 
 

• 1) Minimum GOES-14 IR brightness temperature (BT), 2) OT detections 
within the storm, and the 3) height of tropopause penetration (derived from 
shadows cast by OTs on the surrounding anvil cloud, Alabama case only) 
were recorded from each 1-minute image throughout the storm’s mature 
phase 
 

• NALMA and ENTLN lightning flash rates were computed every minute 
within the spatial extent of the storm core.  Co-location radius ranged from 
15 km (Alabama case) to 25 km (Illinois case). 
 

• The maximum storm cell WSR-88D vertically integrated liquid (VIL), echo 
top height, and the vertical reflectivity time series (AL case only) were 
recorded and time matched with the GOES and total lightning data 
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Echo Top and VIL Echo Top, VIL, and ENTLN Flash Rate 

All Parameters Including  
GOES-14 SRSO IR BT and OTD Output 



GOES 7.5 and 15 Min Scans: Aug 16 Over Southwest Illinois  
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15-Minute Imaging Frequency 

Radar VIL is at its maximum value at most times 
during the 85 min period 
 
Echo top exceeds 17.5 km for 50 mins 
 
Base reflectivity increases to 68 dBZ at 2030 UTC, 
the time of a 2.5 inch hail report  
 
GOES operational scans show storm re-
intensification at the time of severe hail 

7.5-Minute Imaging Frequency 

GOES rapid scans indicate a slight 
intensification and then decay near the time of 
severe hail  

Severe Hail 
Report at 
2030 UTC 
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GOES-14 1-Minute SRSO: Aug 16 Over Southwest Illinois  

Rapid IR cloud top cooling and repeated OT detections from 1915–2000 UTC correspond with a rapid 
increase in total lightning activity.  Missing GOES images from 1940-2015 UTC prevent detailed 
analysis when lighning actitvity peaked 
 
2.5 inch hail was reported 15-mins after a significant oscillation in IR BT, indicating updraft 
intensification which aided hail growth and then updraft decay which allowed the hail to fall to the 
surface 
An OT exhbited a ~2 km penetration height (based on visible channel shadow length) and actively 
produced a stratospheric cirrus plume at 2040 UTC, the time of minimum lightning activity and near 
peak echo top height. This shows that ABI SRSO visible, IR, and OTD detection information will have 
value in characterizing storm structure and cloud height in the GOES-R GLM era. 

Shadow 

OT 

Stratospheric 
Cirrus Plume 
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Storm Track Storm Track 

GOES-14 1-Minute SRSO: Sept 2 Over Northern Alabama  

Base reflectivity animation, time/height cross 
section, and echo top time series give some 
indication of a collapsing echo core near the time 
of the severe downdraft at 2356 UTC 

Rapid IR cloud top cooling and repeated OT 
detections from 2330–2348 UTC correspond with a 
rapid increase in total lightning activity. 

VIL, OT penetration height from visible shadow measurements + 16.2 km equilibrium level, and radar echo 
top peak in the 2341-2348 UTC time period in conjunction with maximum reflectivity below 5 km.  VIL, IR 
BT, and echo top show a secondary intensification at the time of severe wind.  
 
Lightning activity peaks at the time of severe wind in association with charge separation from increased 
ice-ice collision within the downdraft  The ENTLN and NALMA lightning flash rate time series follow each 
other quite well throughout the study period. 

ENTLN Data Outage 

Severe 
Wind 

Report at 
2356 UTC 



4. Summary of Results  
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• Analysis of the satellite, radar, and total lightning co-evolution within individual 
convective storm cells reveals very complex behavior 
 

• GOES-14 Super Rapid Scan Operation and total lightning data are critical for 
observing rapidly evolving cloud-top structures and inferring storm dyamical 
processes 
 

• Despite the complexity of these cases, several commonalities were found: 
1) Rapid IR cooling and OT detections occurred in conjunction with rapid increases in 

total lightning flash rate 
 

2) The initiation of OT detections signaled the beginning of storm intensification.  
Repeated OT detections were highly accurate and continued during the most 
intense phases of the storm lifetime when cloud/echo tops were highest, even when 
total lightning data indicated a weakening storm.   
 

3) An increase OT magnitude (OT – surrounding anvil BT difference) was a precursor 
to severe weather in both cases 

 
 

• The OT detection, total lightning, and radar co-evolution indicates that the OTD 
product could be used to identify hazardous storms in data-poor regions and would 
be a valuable interest field in a probabilistic storm hazard identification tool. 



5. Possible Path to Operations 
• Algorithm initially developed within the GOES-R Aviation 

Algorithm Working Group.  All product latency and 
accuracy requirements were successfully met. 
 

• Incorporation into NSSL Probabilisitc Hazard Information 
(PHI) toolkit 
 

• Provide product output to NOAA AWC, OPC, SAB, and 
TAFB in real-time to aid in recognition of hazardous storms 
over data-sparse or data-void regions 
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6. Future Plans 
• Identify a long-lived and tornadic storm observed by GOES-14 SRSO and track using 

similar procedure to compare multi-dataset co-evolution with the results from the 
previous two cases.  Write a journal article summarizing these findings. 
 

• Continue GOES-R3 project to improve OTD capability across CONUS in all seasons 
through incorporation of additional satellite fields (i.e. visible texture) and use of 
improved pattern recognition.  The OTD product will be transformed from a yes/no 
binary mask using fixed thresholds into a probabilistic field.   

– Product will be first developed using high spatial resolution MODIS, AVHRR, and/or 
VIIRS data and will be later adapted to current GEO imagers pending FY14-15 GOES-
R3 support 
 

• Perform preliminary validation of the probabilistic OTD product using several hundred 
known OT events around the globe  
 

• Continue to provide OTD output to reinsurance industry partners to aid in 
development of hazardous weather risk assessment models.  The OTD product has 
been considered “vital” to the development of a hail risk model over Europe by Willis 
Re as few other hazardous storm proxy datasets are readily available.   
 

• Continue interaction with GOES-R Providing Ground as the OTD product is evaluated 
at NOAA OPC, HPC, SAB, and TAFB during Spring 2013 
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