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The 2022 Lightning Report was prepared by our

team at AEM using our proprietary Earth Networks
Total Lightning Network® (ENTLN). The report includes
in-cloud, cloud-to-ground, and total lightning data
throughout 2022 from the United States and the
surrounding bodies of water. Counts, densities,
rankings, Dangerous Thunderstorm Alerts (DTAs), and
thunderhoursinthisreport are from January 1, 2022,
to December 31,2022.
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Where we get
our data

The lightning datain thisreportis derived from the
ENTLN, which monitors the combination of in-cloud
and cloud-to-ground lightning in over 100 countries.
The ENTLN has been deployed specifically to detect
lightning inreal time and to provide advanced warnings
for severe weather events that could threaten public
safety and operational efficiency.

The ENTLN is the most extensive and technologically
advanced lightning network in the world. With more than
1,800 sensors, the network provides exceptional baseline
lightning detection around the globe. In fact, with recent
algorithm changesin 2021, the ENTLN detects 30-50%
more lightning worldwide than ever before.

However, in areas where our network is being relied
upon to maintain safety and operational efficiency,

we understand that the completeness of our network

is of the highestimportance. That's why we continue to
grow the ENTLN around a philosophy that emphasizes
completeness over cross-regional evenness of lightning
detection. Inregions with even higher sensor density,
the network’s lightning detection efficiency climbs
above 95%.




Report
terminology

To promote better
understanding of the insights
containedinthisreport, we
provide definitions of our
most frequently usedreport
terminology.
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Lightning pulse: A pulse is a surge of
electric currentin lightning, usually
accompanied by a burst of light.

Lightning flash: Alightning flash is
a collection of pulses close in
space and time that approximate
the continuous ionized channels
of acomplete bolt of lightning.

Pulses and flashes may each be
classified as eitherin-cloud (IC)
or cloud-to-ground (CG).

Cloud-to-ground (CG) lightning:
Lightning that occurs between
opposite chargesinacloud andon
the ground.

In-cloud (IC) lightning: Lightning
that occurs between opposite
charges within a thunderstorm cloud.

Total lightning: The combination of
allin-cloud and cloud-to-ground
lightning activity.

Flash density: The number of
lightning flashes per square mile
peryear.

Dangerous Thunderstorm Alerts
(DTAs): AEM’s patented advanced
severe weather warnings that notify
users of incoming storms up to

45 minutes before storm arrival.

Thunder day: Any given day where
lightning was detected withinrange
of a certain location.

Thunder hour: Any given hour where
lightning was detected withinrange
of a certain location.

Thunder hour anomalies: Anomalies
in thunder hours indicate the amount
of variation between our 9-year
average and the number of thunder
hours observed in the pastyear.



What thisreport measures

Thisreport examines in-cloud, cloud-to-ground, and total lightning activity throughout 2022 from the United States and the
surrounding bodies of water. However, there is more than one way to think about lightning activity.

Flashesvs. pulses

When comparing lightning activity across geographic
regions, we will focus primarily onlightning flashes. There
are 3 mainreasons for this:

¢ Lightning flashes are what tend to be mostimportant to
the people and organizations that utilize lightning data
to keep students, workers, and communities safe.

« Lightning flashes are the scientific quantities that
most closely resemble what comes to mind when
non-scientists think of lightning bolts.

o Lastly,the ENTLN deliversrelatively constant flash

detection efficiency across the continental United States,

even across regions with differing sensor densities.
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Of course, we also recognize that not all lightning flashes are
the same; some are comprised of more pulses than others. To
provide an additional dimension forunderstanding lightning
activity, we will also report the lightning pulse activity of
specificregions.




Density vs. volume

When comparing the amount of lightning activity across
differentregions, we canlook at the volume of activity
(e.g.,flash counts, pulse counts, etc.), orwe canlook at
the density of that activity (e.g., flashes per square mile,
pulses persquare mile, etc.).

When considering a single region or two regions of roughly
the same size (like Kansas and Nebraska), it makes very
little difference which metric we use. There may evenbe a
slight advantage to focusing onlightning volume, since it
more intuitively conveys the scale of activity.

However, when two regions have significantly different
sizes (like Texas and Maryland), comparing raw counts can
misleadingly skew the comparisonin favor of the larger
region. Density comparisons eliminate this skewing.

When comparing lightning activity across states and counties,
we will focus onlightning density (i.e., flashes per square mile).
We will look at the volume of activity (i.e., flash counts and
pulse counts) only when trying to convey the scale of activity
within a single region.
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Thunder hours

Since atypical thunderstorm usually lasts foran hour orless, the
thunder hour provides anideal level of granularity for measuring
the “storminess” of an area. Other metrics tend to be too
sensitive or not sensitive enough.

Forexample, thunder days are not sensitive enough to
distinguish between run-of-the-mill thunderstorms and larger
eventsthat canlast for 6-12 hours ormore. At the other extreme,
raw pulse and flash counts are such sensitive metrics that the
data from smaller storms can be completely overwhelmed by a
single supercell (atype of long-lived severe thunderstorm).




Overalllightning counts

86,547,68l

Total lightning flashes

64,247,577
In-cloud | 74%

22,024,813
Cloud-to-ground | 26%

Overall, the U.S. experienced nearly 87 million
total lightning flashesin 2022, which averages
out to about 240 flashes perday orabout 1
flash forevery 25 square miles.
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572,995,201

Total lightning pulses

522,483,107
In-cloud | 91%

48,391,604
Cloud-to-ground | 9%

Those flashes were comprised of nearly
573 millionlightning pulses, an average of
almost 7 pulses perflash of lightning.



The map clearly indicates
that Florida had the most
concentrated lightning
activity, followed by Louisiana
and Mississippi. Fromthere,
lightning activity radiated
upwardinto the Great Plains
andthe Southeast. Note the
near absence of activityin
much of the West.
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Total lightning flash density rankings by state
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FLASH DENSITY 103
TOTAL FLASHES 5,519,321
PULSE: FLASH RATIO 11:1
TOTAL PULSES 62,338,764
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Louisiana

72
3,089,147
GH

14,883,840

Mississippi
61
2,842,370
5:1

13,625,433

Nebraska

55
4,216,455
4:1

17,194,602

TOP 10 STATES

Alabama

54
2,751,821
6:1

16,680,151

Kansas

54
4,409,099
7:1

28,865,364

Arkansas

52
2,702,451
6:1

15,487,095

Georgia

51
2,913,681
9:1

24,857,309

B Fiash density
Oklahoma c%?gﬁﬂa
50 47
3,432,347 1,421,092
8:1 7:1
28,238,710 9,289,474
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When we take amore granular
look at the county level, we
cansee that most countiesin
the U.S. experienced relatively
low concentrations of lightning
activity in2022. However, there
were a few hotbeds of activity
along the Gulf Coast of Florida,
the mouth of the Mississippi
River, the Chesapeake Bay,
and the southwest coast of
Lake Michigan. Beyond the
main hotbeds of activity, the
counties that experienced

the densest lightning activity
were along the Gulf Coast, the
southeast Atlantic Seaboard,
and parts of Tornado Alley.
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Totallightning flash density rankings by county
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TOP 10 COUNTIES
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PoquosonCity, ~ St.Bernard Pinellas LeeCounty,  Plaguemines Charlotte Hillsborough Sarasota  Monroe County, | ake County,
VA Parish, LA County, FL FL Parish, LA County, FL County, FL County, FL FL IL
FLASH DENSITY 300 278 203 184 169 162 156 154 158 145
TOTAL FLASHES 4,602 104,926 55,576 143,896 131,763 110,182 158,916 85,864 150,277 64,374
PULSE: FLASH RATIO 16:1 4 11 13:1 4 15:1 12:1 13:1 12:1 1
TOTAL PULSES 75,464 466,257 614,206 1,837,956 508,333 1,616,949 1,896,427 1,120,762 1,823,474 721,737
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Dangerous Thunderstorm Alerts inthe U.S.

Dangerous Thunderstorm
Alerts (DTAs), available
exclusively from AEM, warn
clients of severe storms with
up to 45 minutes of lead time.

AEMissued 54,242 Dangerous
Thunderstorm Alertsin 2022.
This map, which shows the
density of thisyear’'s DTAs,

draws attentionto the
significant amount of severe
storm activity that took place
across the Great Plains and
into the Upper Midwest.

DTA Density (DTAs/mi?)
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Total thunder hours

120 150 180 210
Total Annual Thunder Hours

In addition to the usual hotbeds of activityin the Southeast,
the map shows concentrated storm activity that radiates
from Mexico into the American Southwest. This activity is
associated largely with the North American Monsoon and

could easily be missed by looking only at flash and pulse data.
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THE NORTH AMERICAN MONSOON

Aphenomenonknown as the North American
Monsoon occurs eachyearin the southwestern
United States. As the continental airmassin the
Southwest warms throughout the spring and early
summer months, it triggers an influx of (relatively)
cooler, moister air from the Gulf of Mexico and
Gulf of California. As aresult, thereis a shiftin the
prevailing winds. Instead of blowing from the west
(as they normally do), they begin to blow from the
south and southeast. This change in air flow and the
influx of moisture brings much-neededrainto the
region from June to early September.

It's worth noting that there are many more thunder
hours thanlightning flashes recorded for the
American Southwest; that's because thunderstorms
caused by the North American Monsoon don’t
produce very much lightning, even though they
canhappenevery day forup to 3 months.
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Thunder hourrankings by state

Texas
Florida
Loisiana
Hawail
Mississippi
Alabama
North Carolina
Okiahoma
ceorgia | 77 7]
Missouri
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Gulf Coast States like Florida, Texas, Louisiana, and Alabama are natural candidates for the greatest number of thunder hours.
Even states like Missouriand Oklahoma, located in Tornado Alley, are not all that surprising. But, based onlightning data, it may be
surprising to see a state like Hawaiiin the top 10. This illustrates why thunder hours are a useful supplemental data point to flash
density and volume.

It’s worth nothing that Hawaii has such high thunder hour counts compared to its annual flash density because there are many
thunderstorms over the waterimmediately adjacent to the island chain, and ocean thunderstorms tend to produce very little lightning.

2022 U.S. Lightning Report 13



Thunder houranomalies

We look specifically at thunderhouranomalies
to provide a better sense of how the past

year deviated from the climatological trend.
Simplistic year-over-year comparison of thunder
hours canintroduce extraneous noise because
eachyearinthe comparison (notjust the most
recentyear) candeviate to agreaterorlesser
extent from the overall trend.

The map shows above-average storm activity

throughout the southeast, across Arizona, and

along most of the Canadian border. However,

storm activity was well below average throughout

Texas, the southern Great Plains, and into portions

of the Midwest. Positive anomalies throughout

the Southwest were tied to avery active monsoon

seasonin2022.Negative anomaliesin the Great

Plains were related to drought conditions that a5
were partly caused by a persistent La Nifia pattern. Annual Thunder Hour Anomalies
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2022 lightningrecap

CASE STUDIES

California escapes Why Hurricane lan’s Great Lakes
disaster after exceptional unusual lightning activity thundersnow buries
dry lightning storm was abad omen Buffalo
ignites fires

Lightning data provides important insights into weather and climate across the United States. In this portion of the report,
we will focus on the close relationships between lightning and some interesting meteorological events. The following case
studies discuss several interesting weather events from 2022 and their noteworthy lightning activity.

-2022U.S. Lightning Report -15



WEST (JUNE)

As Californians awaited the first day of summer, they were also
bracing for a significant storm system to roll through the state,
fueled partly by monsoonal moisture and partly by a disturbance
inthe jet stream moving across the region. Although the
thunderstormsinthe forecast were expected to produce very
little rain, meteorologists warned they could still produce

dangerous lightning.

While there is no such thing as safe lightning, so-called “dry
lightning” (i.e., lightningaccompanied by rain that evaporates
beforeit hits the ground)is especially dangerous because it
brings heightened wildfire risk. And, in drought-stricken
California, thatriskis already high enough without lightning.

When the storm system finally hit, from June 22 to June 23, it
produced more than 208,000 total lightning pulses across the
state, including more than 33,000 cloud-to-ground pulses.

It was the most lightning the state had seeninasingle dayin

nearly five years.

Wildfire Today reported that the storm did, in fact, ignite anumber

of small fires. The largest of these was the Thunder Fire, which
burned about 2,500 acres before being fully contained. Fortunately,
firefighters were able to contain most of the fires without too much
difficulty, limiting the total burn area to less than 4,000 acres.
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https://www.cbsnews.com/losangeles/news/southern-california-monsoon-showers-dry-lightning/
https://earthsky.org/earth/lightning-storm-california-june-2022/
https://wildfiretoday.com/2022/06/23/multiple-fires-ignited-in-california-following-tens-of-thousands-of-lightning-strikes/
https://www.fire.ca.gov/incidents/2022/

While no amount of destructionis evergood, Californians
were fortunate that thisincredible amount of lightning did not
produce amore incredible amount of fire. Forcomparison, in
August 2020, a similar “dry lightning” stormignited more than
650 wildfires across northern California, including the August
ComplexFire, whichbecame the largest fire in state history.
Together, those firesburned an estimated 1.5-2.1million acres
(about the area of Connecticut).

Three factors combined to prevent the outcome of the
June 2022 lightning storm from being much worse:

1. Rainisthoughtto havereached the ground
alongwith some of the strikes, especially at
higher elevations.

2. The active North American Monsoon winds
brought highrelative humidity to the region,
making fuelslessreceptive toignition.

3. Juneisstillearlyinthe fire season, before fuel
moisture drops to critically low levels.


https://en.wikipedia.org/wiki/August_2020_California_lightning_wildfires#:~:text=Within%20the%20next%2072%E2%80%9396%20hours%2C%20over%2012%2C000%20lightning,to%20parched%20brush%2C%20especially%20in%20Northern%20California.%20
https://en.wikipedia.org/wiki/August_2020_California_lightning_wildfires#:~:text=Within%20the%20next%2072%E2%80%9396%20hours%2C%20over%2012%2C000%20lightning,to%20parched%20brush%2C%20especially%20in%20Northern%20California.%20
https://wildfiretoday.com/2022/06/23/multiple-fires-ignited-in-california-following-tens-of-thousands-of-lightning-strikes/

SOUTHEAST (SEPTEMBER)

WHY HURRICANE IAN’S UNUSUAL LIGHTNING
ACTIVITY WAS A BAD OMEN

Hurricane eyewall: The centralring of wind and rain around the clear, calm eye of the storm,
where the storm produces its strongest wind speeds.



https://www.washingtonexaminer.com/news/hurricane-ian-deadliest-storm-to-hit-florida-since-1935
https://www.cbsnews.com/tampa/news/hurricane-ian-brings-155mph-winds-to-florida-landfall/
https://www.cbsnews.com/tampa/news/hurricane-ian-brings-155mph-winds-to-florida-landfall/

Hurricane lan Hourly Lightning Pulses

Landfall
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https://mynasadata.larc.nasa.gov/basic-page/hurricane-dynamics

NORTHEAST (NOVEMBER)

GREAT LAKES THUNDERSNOW BURRIES BUFFALO

Onthe afternoon of November 17, residents of northwestern
New York found themselves pummeled by snowfall - at some
points, more than three inches per hour. By the time the clouds

finally cleared on November18, some areas had been blanketed
with more than six feet. The city of Buffalo more than doubled its

previous record for maximum snowfall in a day, and the town of
Orchard Park broke the state record formost snowfallina
24-hour period.

But this storm delivered more thanjust record-breaking
snowfall. It delivered arare lightshow of more than 1,000
lightning pulsesin 24 hours.

Thundersnow, asitis called, is arelatively rare occurrence. It's
been estimated that thundersnow accounts forless than 0.1% of

allU.S. snowstorms. Thereason for the rarity is that lightning and
snowstorms are generally caused by very different atmospheric
conditions.
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https://outsider.com/outdoors/weather/watch-rare-thundersnow-descends-western-new-york-first-winter-storm-year/
https://nypost.com/2022/11/19/western-new-york-digs-out-after-record-breaking-thundersnow-storm/
https://www.msn.com/en-us/weather/topstories/what-is-thundersnow-and-how-rare-is-it/ar-AA14eDwc#:~:text=According%20to%20the%20Royal%20Meteorological%20Society%2C.07%25%20of%20snowstorms,decades%2C%20some%20thundersnow%20events%20have%20been%20truly%20impressive.

24-hour Pulse Frequency from 7am ET 2022-11-17 to 7am ET 2022-11-18

(total = 1034)
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Lightning is caused by conditions of atmospheric instability

inwhich warm airrises rapidly into the cooler airaboveiit. In
contrast, most snowfallis generated under conditions that tend
to produce atmospheric stability, namely, the air near the ground
being almostas cold as the airabove it. Forcomparison, a typical
thunderstorm has airrising at more than ten miles per hour, while

the most severe snow bands tend to have airrising at only two
miles perhour.

However, some snowstorms, such as lake effect snowstorms,

canformwhen cold airnear the surface is heated while moving
overrelatively warm waters. If the airabove the surfaceis cold
enough, the newly warmed layer of air canrise rapidly, producing
atallcolumnthatlooks more like a thunderstorm cloud than a flat
snow cloud. That same scenario can produce the atmospheric
instability needed to generate lightning; that’'s when our
snowstormbecomes thundersnow.

Unfortunately, the same atmospheric instability that givesrise

to thundersnow also tends to resultin heavier snow and higher
snowfallrates. Whereveryou see thundersnow, there’s a high
probability for significant snow accumulation - just as they

experiencedinnorthwestern New York.
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https://www.weather.gov/safety/lightning-science-scienceintro
https://www.weather.gov/fsd/news_bandedsnowfall_20151121
https://www.thoughtco.com/how-thundersnow-works-4159345#:~:text=Thundersnow%20is%20rare%20because%20the%20conditions%20that%20produce,little%20moisture%20or%20convection%20to%20lead%20to%20lightning.
https://www.weather.gov/fsd/news_bandedsnowfall_20151121
https://phys.org/news/2006-12-thundersnow-lots.html

Florida
Louisiana
Mississippi
Nebraska
Alabama
Kansas
Arkansas
Georgia
Oklahoma
South Carolina
District of Co-
South Dakota
Wisconsin
North Carolina
lllinois
Tennessee
lowa
Kentucky
Minnesota
Maryland
Ohio
Virginia
Missouri
Texas
Indiana
West Virginia

ANNUAL TOTAL
FLASHES
PER SQ MILE

103.00
71.59
60.65
54.95
54.40
53.99
52.00
50.54
50.10
47.33
44.64
43.10
42.32
421
40.77
40.39
40.37
40.12
39.10
37.37
36.50
36.44
34.45
33.59
32.34
30.20

ANNUAL TOTAL
FLASHES

5,519,321
3,089,147
2,842,370
4,216,455
2,751,821
4,409,099
2,702,451
2,913,681
3,432,347
1,421,092
2,726
3,263,283
2,289,803
2,045,029
2,260,609
1,663,551
2,251,967
1,582,510
3,109,534
362,495
1,489,530
1,436,987
2,365,433
8,765,528
1,157,280
725,100

ANNUAL TOTAL
PULSES

62,338,764
14,883,840
13,625,433
17,194,602
16,680,151
28,865,364
15,487,095
24,857,309
28,238,710
9,289,474
52,705
10,877,734
11,976,216
14,172,966
23,482,084
11,341,744
11,686,470
11,835,929
10,143,384
8,631,546
14,346,163
19,047,342
16,523,949
61,537,173
13,481,570
7,637,140

ANNUAL
THUNDER
HOURS

4,867
3,517
2,940
2,029
2,907
2,142
2,431
2,682
2,684
2,304
192
1,724
1,682
2,798
2,188
2,040
1,646
2,056
1,932
1,183
1,724
2,072
2,586
5,179
1,669
1,654

Michigan
Arizona
Delaware
Colorado
North Dakota
New Mexico
Pennsylvania
Connecticut
New York
New Jersey
Massachusetts
Wyoming
Rhode Island
New Hampshire
Montana
Utah
Vermont
Nevada
Idaho
Maine
California
Oregon
Washington
Hawaii
Alaska

ANNUAL TOTAL
FLASHES
PER SQ MILE

29.03
26.98
26.46
23.04
22.44
19.47
18.96
14.22
12.93
12.51
11.92
1.67
11.31
9.67
9.64
9.63
7.80
6.24
5.35
4.03
3.86
1.81
1,88
1.08
0.06

ANNUAL TOTAL
FLASHES

1,640,962
3,061,140
51,486
2,384,775
1,546,637
2,358,975
847,457
68,758
608,625
91,875
92,875
1,131,796
11,675
86,509
1,401,478
790,874
71,800
684,095
441,216
124,095
601,205
173,798
103,187
6,931
36,394

ANNUAL TOTAL
PULSES

9,621,082
11,922,308
1,135,761
8,038,461
4,737,571
8,526,336
13,670,644
1,426,124
6,604,962
2,593,112
1,438,051
5,545,704
241,522
576,350
5,749,758
4,099,065
425,387
2,533,626
1,721,982
376,649
2,225,743
814,401
557,965
14,279
51,650

ANNUAL
THUNDER
HOURS

2,183
2,076
479
2,191
1,230
2,370
1,588
448
1,873
772
671
1,656
233
451
1,703
1,664
459
1,481
1,460
681
1,912
817
585
3,357
1,132



Thank you

Foradditional insights/or permission to use data or graphics from thisreport, please contact us at:
info@aem.eco



