Severe Thunderstorm Research

Introduction

The GOES-R series satellites are collecting observations of severe storms at
unprecedented detail. Nearly every day, GOES-16/17 collects ABI visible and
infrared (IR) imagery of storms at 1-minute or better resolution. When paired
with GLM data, these ABI “Mesoscale Domain Sector” (MDS) observations
allow us to infer processes that are occurring within storm updrafts and cloud
tops via wind flows, temperature, visible texture, and lightning-generated
radiances that can be detected using automated algorithms. Prior to the GOES-R
series, GOES-8 to -15 observations were relatively coarse which limited their
utility in severe storm forecasting after a storm became mature. GOES-R MDS
data provides a new opportunity to determine how satellite-derived products
could contribute to our understanding and detection of severe storms. This
poster highlights recent research on severe storms supported by the NASA
Weather and Atmospheric Dynamics Focus Area.

Goals

Use automated tracking and fusion of GOES, NEXRAD GridRad, and ENTLN
lightning flash rate at 1-minute intervals at the individual storm cell scale to:

1) Detect known satellite-observed signatures indicative of convection and
severe weather such as anvil clouds, overshooting tops, and gravity waves.
Characterize storm intensity via storm updraft penetration above the
surrounding anvil and tropopause, visible texture magnitude, cloud top height,
divergence and vorticity within cloud tops, and optical thickness

2) Quantify relationships and time evolution of GOES, radar, lightning, NWP, and
severe storm metrics (e.g. NWS warnings, spotter reports, radar MESH)

3) Better understand what is happening within storms when signatures such as
the enhanced-V and above-anvil cirrus plume (AACP) appear, and how can
recognition of these signatures aid severe storm warning

4) Better understand how ABI, GLM, and radar observations can be combined in
a statistical sense to improve severe storm detection (Mecikalski talk, Wednesday at 2 PM)
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Above Anvil Cirrus Plume Research

Background Information (rrom Bedka et al. 2018)
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From John Cooney (PhD Dissertation, Texas A&M)

13 severe weather outbreaks were studied using GOES-14 and -16, 30-sec to 1-min imagery. 8000+ GOES images were manually
analyzed to identify plumes. 405 plume producing storm cells were identified by a team of human experts. 4178 other non-plume
producing storms were also analyzed. The starting and ending time of plume production was recorded. Radar-detected cells must
persist for 10+ mins to be included in the analysis. 4503 hail, wind, and tornado reports were generated by 700 severe storm cells.
807 significant severe reports, 2+ inch hail, 65+ kt wind, EF-2+ tornado, occurred. NOAA NCEI Storm Events Database was used to
define severe weather. Severe thunderstorm and tornado warnings were acquired from the lowa Environmental Mesonet website.
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Above Anvil Cirrus Plume Research: Key Findings

The results of this study demonstrate that, on average, storms that produce above anvil plumes are
an especially intense subset of deep convection, featuring the highest cloud tops, strongest
updrafts, most lightning, and a high frequency of severe weather

Plume-producing storms generated 14 times more severe weather reports per storm than storms
without plumes

59% of plume storms were severe, and plume storms generated the majority (57%) of all severe
reports across the 13 outbreaks. 73% of the 5+ cm hail, 65+ kt wind, and EF-2+ tornadoes generated
by plume storms

48% of plume storms were supercells defined using a combination of quantitative and qualitative
analyses. 75% of supercells produced plumes

Mean duration of plume production was ~50 mins. Some storms produced plumes almost
continuously for over 4 hours

Though storms without plumes often generate severe weather, a plume is better correlated with
severe weather than any other known GOES cloud-top signature

In areas with poor or non-existent radar coverage, a plume can be used to quickly recognize
significant severe storms using satellite imagery alone

GOES 1-minute imagery is extremely valuable for plume identification and for defining quantitative
relationships with radar and lightning datasets, and severe weather reports/warnings
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NT: Non-Tornadic, SNT: Severe, Non-Tornadic, SSNT: Significant Severe, Non-Tornadic, 30BT: 15-30 mins Before First Tornado, 15BT: 0-15 Mins Before First Tornado,

provided the largest separation between tornadic and
non-tornadic storms. An objective threshold method
based on this product provides early indication of
potentially tornadic storms with comparable performance
to NWS tornado warnings. From Sandmael et al. (2019),
radar data processed within GridRad (www.gridrad.org)
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