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Flash Extent Density + NWS Warnings + SPC Tornado Outlook + Tornado Paths - 2024-02-28 09:40 UTC
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Tornado outlooks accessed via the SPC/NWS. NWS convective warnings archived via IEM/Iowa St.
Surveyed tornado paths accessed via the NOAA Damage Assessment Toolkit (DAT).
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TRACKED GLM VALUES

* Maximum/minimum lightning
characteristic values were tracked
before, during, and after each event

* Tracked values include:
 Maximum Flash Extent Density (FED)
* Minimum Minimum Flash Area (MFA)
 Maximum Total Optical Energy (TOE)

* All gridded products shown/analyzed are
5-minute windows

* Values tracked by hand from 10 minutes
before tornado touchdown to 10 minutes
after tornado cessation and 30 minutes
before to 30 minutes after each recorded
extreme hailstone



A TALE WITH TWO PARTS

Tornado Outbreak Very Large Hailstones
* 21 events tracked from the 27-28 * 41 events of 4+ inch hailstones tracked
February 2024 late-winter outbreak April-June 2024 spread out across the
across the US Midwest central and eastern US
* Detailed tornado tracks from the NOAA * Hailstone diameters ranged from 4
DAT database of damage surveys inches to 6.5 inches
Tornado Tracks + Warnings + 20Z SPC Tornado Outlook Hailstone Reports > 4 Inch Dlameter = Sprlng 2024
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TORNADO OUTBREAK

27-28 February 2024 Environmental Analysis
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TORNADO OUTBREAK

Annawan/Atkinson, IL (EF1) - Radar Analysis

* Closest radar (KDVN)
able to confirm tornado

* Classic hook echo on
radar reflectivity and
velocity couplet
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* Noticeable drop in

correlation coefficient
near velocity couplet,
near-zero ZDR L
correlated w/ large hail SRS~ Atkpﬁ;w. wigh X
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Flash Extent Density + NWS Warnings + SPC Tornado Outlook + Tornado Paths - 2024-02-27 23:40 UTC
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Minimum Flash Area + NWS Warnings + SPC Tornado Outlook + Tornado Paths - 2024-02-27 23:40
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TORNADO OUTBREAK

Annawan/Atkinson, IL (EF1) - GLM Gridded Products

Annawan_IL Tornado (EF1) 5-minute Window GLM Values
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TORNADO OUTBREAK

FED & TOE Before All 21 Documented Tornadoes

e Maximum Flash Extent
Density varied in the 10

minutes prior to tornado

touchdown

* Average increase of
5.8% (~2.7 flashes in
5-minute window)

e Modestincreasein
maximum flash counts,
but not very significant
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Maximum 5-min Flash Extent Density (FED) GLM Values Prior to Tornadogenesis
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Average change:
+2.67 flashes (+5.79%)
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TORNADO OUTBREAK

FED & TOE Before All 21 Documented Tornadoes

* Maximum Total Optical
Energy also varied in the

10 minutes prior to
tornado touchdown

* Average decrease of
0.5% (~0.5flJin
5-minute window)

Maximum 5-min Flash Extent Density (FED) GLM Values Prior to Tornadogenesis
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TORNADO OUTBREAK

FED & TOE After All 21 Documented Tornadoes

* Maximum Flash Extent
Density consistently
decreased inthe 10
minutes after tornado
cessation

* Average decrease of
21.4% (~11.7 flashes in
5-minute window)

e Could be an actionable
drop for operational
forecasters
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Maximum 5-min Flash Extent Density (FED) GLM Values After Tornado Cessation

Max FED for Each Documented Tornado
= Average Max FED at each minute

Average change:
-11.71 flashes (-21.39%)
n=21

Minutes from Tornado Cessation



TORNADO OUTBREAK

FED & TOE After All 21 Documented Tornadoes

* Maximum Total Optical
Energy also decreased

* Average decrease of
15.9% (~ 16.1 1))

e Could be an actionable
drop for operational
forecasters

Maximum 5-min Flash Extent Density (FED) GLM Values After Tornado Cessation
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Maximum 5-min Total Optical Energy (TOE) GLM Values After Tornado Cessation

Max TOE for Each Documented Tornado
= Average Max TOE at each minute

Average change:
-16.14 f] (-15.91%)
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Hypothesis: Increasing 4;3" = R

hydrometeor density - A- 2
diminished optical signal from 4451 A

lightning reaching top of : 4A'n 4in;
cloud - decreasing FED/TOE ER S !
leading up to very large 6"'5" ; 4‘, X ST A
hailstones and vice versa 45:‘iﬁ§i'"“' n | A, 2in 4.51in
after hailstone size decreases gENEVA inivin 4,5:in |
474in 7. 1435in

4‘inn

T
: o7
S '"\efsﬁi?.iﬂ




_____ — N
VERY LARGE HAILSTONES

Donley County, TX (4 in) - GLM Gridded Products
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VERY LARGE HAILSTONES

FED & TOE Before All 41 Documented Hailstones

* Graphsinclude values 200
from GOES-East and

GOES-West GLMS (n=65) |
* Max FED generally 07
decreased in the 30 L5 |
minutes before each E
large hailstone by a 5]
modest 4.2% (6.9% if " s
outliers are removed) N

Maximum 5-min Flash Extent Density (FED) GLM Values 30 Minutes Prior to Hailstone

Max FED for Each Documented 4+ Inch Hailstone
= Average Max FED at each minute
mmmm Average Max FED at each minute (outliers removed)

Average nge:
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VERY LARGE HAILSTONES

FED & TOE Before All 41 Documented Hailstones

° Gra phS inClUde va lu es 2000 Maximum 5-min Total Optical Energy (TOE) GLM Values 30 Minutes Prior to Hailstone
- Max TOE for Each Documented 4+ Inch Hailstone
fI’O m GO ES' Ea St a n d Average Change: = Average Max TOE at each minute
1750 - l.23 ﬂ (+0-62%) mmmm Average Max TOE at each minute (outliers removed)
GOES-West GLMS (n=65) [n=65

 Max TOE highly variable 15007 (Average change:
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= s e 500 A
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VERY LARGE HAILSTONES

FED & TOE After All 41 Documented Hailstones

* Max FED on average
markedly increased in the
30 minutes after each
large hailstone by 27%
(29% if outliers are
removed)

* Greater number of
flashes could indicate a
stronger optical signal
reaching the top of the
cloud/GLM sensor
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Maximum 5-min Flash Extent Density (FED) GLM Values 30 Minutes After Hailstone

Max FED for Each Documented 4+ Inch Hailstone
= Average Max FED at each minute
wmmm Average Max FED at each minute (outliers removed)
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VERY LARGE HAILSTONES

FED & TOE After All 41 Documented Hailstones

e Max TO E showed m ixed 000 Maximum 5-min Total Optical Energy (TOE) GLM Values 30 Minutes After Hailstone
. - ~ Max TOE for Each Documented 4+ Inch Hailstone
C h d ngeS, Wlth a 7% Average Change: === Average Max TOE at each minute
. 1750 - -14.15 f] (-7.14%) = Average Max TOE at each minute (outliers removed)
decrease in the 30 n=

minutes after hailstone 1500
(5% increase with

outliers removed) %1250_
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VERY LARGE HAILSTONES

Environmental Analysis - MUCAPE

Used SHARPpy to find
sounding from near-storm
environment for each stone

Found max TOE/FED value
within 30 mins of report

Compared those values to
near-storm environment
thermodynamics

MUCAPE: greater instability
strongly correlated with
lower max TOE (statistically
significant at a = 0.05)
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Best fit slope:
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VERY LARGE HAILSTONES

Environmental Analysis - MUCAPE

* Not as strongly correlated
with max FED — dimmer
optical signal with MUCAPE,
not necessarily fewer flashes

* Seems to fit original
hypothesis

Near-Storm MUCAPE vs. GOES-East Max TOE +/- 30 Mins of Hailstone

Best fit slope:
-104.6 femtoJoules per kj/kg
=41

2000

e Each hailstone just prior to observance
= Line of Best Fit (r"2 = 0.135)
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Max FED (flash counts)
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VERY LARGE HAILSTONES

Environmental Analysis — 0-1 Km Avg Mixing Ratio

Near-Storm 0-1 km
250

Av

g Mixing Ratio vs. GOES-East Max FED +/- 30 Mins of Hailstone e Increasing low-level
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VERY LARGE HAILSTONES

Environmental Analysis — 0-1 Km Avg Mixing Ratio

20(I)\(I)ear—Storm 0-1 km Avg Mixing Ratio vs. GOES-East Max TOE +/- 30 Mins of Hailstone o Increasing low-level

1750 A

Max TOE (femtojoules)

ul
o
o

250 A

=

ul

o

o
1

1250 A

1000 A

750 1

|

Best fit slope:

-40.3 femto)oules per g/kg
n=41

p-value = 0.8346
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e Each hailstone just prior to observance
= |Line of Best Fit (r"2 = 0.109)
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specific humidity is
statistically significantly
correlated with a change in
max TOE (flash energy)

* Decreasing optical signal
w/ more humidity

25lélear—Storm 0-1 km Avg Mixing Ratio vs. GOES-East Max FED +/- 30 Mins of Hailstone

Best fit slope:
-1.9 flashes per g/kg
n=41

e Each hailstone just prior to observance
= Line of Best Fit (r"2 = 0.011)
p-value = 0.517
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GLM gridded products of FED, MFA, and TOE were
tracked from 21 tornadoes from a late-winter outbreak
and 41 very large hailstones from across Spring 2024

For tornadoes, marked declines in max flash counts of
parent storms (~21%) and max optical brightness
(~16%) 10 minutes after

For large hailstones, max flash counts increased by
~27% in the 30 minutes after

Environmental analyses show that significant changes
in observed max lightning optical brightness may be
associated with increasing instability, low-level mixing
ratios, and thus hydrometeors attenuating light

Future work: more robust analysis of trends in
operational GLM gridded products to find actionable
decision-making signals for forecasters
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SUMMARY

Maximum 5-min Flash Extent Density (FED) GLM Values After Tornado Cessation
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Average change:

n=21

-11.71 flashes (-21.39%)

Max FED for Each Documented Tornado
= Average Max FED at each minute
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Near-Storm MUCAPE vs. GOES-East Max TOE +/- 30 Mins of Hailstone
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THANK YOU!

* For more analysis on GLM
trends, see Satellite Book Club
sessions like Session #186
with me or Session #26 with
Steve Cobb (NWS Tulsa)

* To talk more, email me at
|patton4d@umd.edu or follow
me on Bluesky ¢
@josephpattonwx.bksy.social
or on Twitter
@JosephPattonWx

NAT19NES4320002 (Cooperative Institute for Satellite Earth System
Studies - CISESS) at the University of Maryland/ESSIC.

Severe Weather Reports
v EF0-EF1 Tornado
¥ EF2+ Tornado
+ Severe Wind =z 60 mph
B Extreme Wind = 80 mph
Hail = 1in
A Hail =z 2in
'WS Warnings
¥ Tornado
Severe Thunderstorm
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