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 Overview of March 31-April 1, 2023 Tornadoes
March 31 - April 1, 2023

● 3rd most tornadoes for a 
24-hour period on record 
(since 1950) with 147 surveyed 
across 16 states

● 44 EF2+

● 29 severe weather-related 
fatalities and 200+ injured

● 175 Tornado Warnings issued

https://www.commerce.gov/
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 Overview of March 31-April 1, 2023 Tornadoes

https://www.commerce.gov/
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Before the Event

https://www.commerce.gov/
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Sunday March 26 - Day 6

● SPC:…“Severe potential will increase markedly on 
Days 5-6/Thurs-Fri”

● SPC:…“Support severe thunderstorms capable of all 
severe hazards shifting east/northeast with time…”

Monday March 27 - Day 5 

● SPC: “By Day 5/Fri, all-hazards severe potential will 
expand across a large portion of the central U.S.” 

● SPC: “The severe threat could end up taking a bi-modal 
character with an area of enhanced potential focused 
near a strong surface low over the IA/IL vicinity.” 

 Sun-Mon March 26/27 Before 
The Event

During 
The Event

After The 
Event

Second time since SPC 
Day 4 - 8 Outlook began 
in 2015 that DVN CWA 
was in 30% on Day 5

https://www.commerce.gov/
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Wednesday March 29 AM

● “There is increasing confidence in severe weather 
potential from late Friday morning and into the 
afternoon.” 

● SPC Day 3: “Damaging gusts and tornadoes will be the 
main hazards…upscale growth into a QLCS expected”

Thursday March 30 Early AM

● “Confidence is becoming high for severe weather from 
midday Friday into the early evening in portions of 
central Iowa.” 

● “Fast storm motions over 50 mph are likely….provide 
little time to seek shelter.”

 Wed-Thurs March 29/30 Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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Thursday March 30 Midday

● “Damaging winds are expected to be the highest 
threat.”

● “A few tornadoes are possible as the storms develop. 
Any tornado would be moving rapidly so prepare to 
take cover.”

● “Along and east of I-35 around noon-2pm, reaching E IA 
by early evening.”

● SPC Day 2 AM Outlook: “...a couple strong tornadoes, 
intense damaging gusts & large hail…upscale growth 
into linear convection… QLCS tornadoes also possible.” 

Thursday March 30 Midday

 Thursday March 30 - Midday Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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Thursday March 30 Midday

● Highlighted possible radar scenarios on Thursday 
March 30 during a midday webinar. 

● Messaging: “There is a chance that storms could 
develop further east, reducing the threat to central 
Iowa.” 

● SPC Day 2 1730 - Increased Tor (15% hatched) & Hail 
(30% hatched) - mainly over eastern Iowa.

● SPC: “A few semi-discrete supercells are expected to 
move into an environment with stronger low-level 
shear/SRH across eastern IA into northwest IL by late 
afternoon posing a threat for a couple strong tornadoes.”

Thursday March 30 Midday

 Thursday March 30 - Midday Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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Friday March 31 Early AM

● “Upgrade to a High Risk for strong, long-tracked 
tornadoes in SE IA”

● “Fast-moving storms will give you little time to seek 
shelter! Have a plan!” 

Friday March 31 Midday

 Friday March 31 - Morning/Midday Before 
The Event

During 
The Event

After The 
Event

● SPC Day 1 6Z: Moderate risk expanded back to I-35 
corridor. 

● Confidence in severe weather high. 

● Timing remains nuanced. 

https://www.commerce.gov/
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L

Strong Low 
Pressure

High 
Pressure

Surface Pressure Composite
DVN Significant Tornadoes 
(March - May 2008-2022)

986 mb
H

Surface Dew Point Composite
DVN Significant Tornadoes 
(March - May 2008-2022)

60°F+

<25°F

65°F

Only 1% of March days have had dew points 
of 60°F+ in the Quad Cities, IA/IL (KMLI)

 Surface Pattern Recognition Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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Central Region 
Remote Mesoanalysis (RMA)

https://www.commerce.gov/
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What is the CR RMA?

Central Region (CR) Remote Mesoscale Analysis (RMA)

Fundamentally, it is Mutual Aid

This crowd sourced remote mesoanalysis initiative was born out of 
renewed emphasis on mesoanalysis: 
-Operations Proving Ground (OPG) Mesoanalyst Boot Camp
-Mesoscale Environmental Assessment (MEA) Course

The RMA is ultimately the culmination of a CR SOO group suggestion 
of enhancing operational mutual aid

 RMA Quick Overview

https://www.commerce.gov/
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What is the CR RMA?

The RMA consists of an often 
facilitated chatroom to 
directly support severe 
weather operations and 
IDSS at requesting offices 
through remote mesoanalysis

Officially launched in 2021

RMA  RMA Quick Overview

https://www.commerce.gov/
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RMA was active for 
approximately 15 hours!

•Spun up at 10AM on 3/31, with 
continuous support until 1AM on 4/1!

 

⭐Two Sectors Supporting 10 Offices

● DVN   
● DMX
● ILX
● ARX
● LOT
● IND
● SGF
● LSX
● EAX
● LMK

⭐

⭐⭐

⭐

⭐⭐

⭐
⭐
⭐

✰

✰

⭐

✰

✰= Facilitator Locations

 Long Duration High Tempo Operations

https://www.commerce.gov/
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Part of the initial challenge of 
WoFS in RMA operations was 
honing in on what was the right 
WoFS information to feed into 
operations remotely

● This is where having the real 
time interaction with the 
WoFS team was essential for 
helping us quickly uncover the 
most useful information

 RMA and Warn On Forecast (WoFS)

3/31/2023 WoFS Domains

WoFS By The Numbers:
• 36 member analysis, 18 member forecast
• Assimilation, w/ radar, satellite, 15 min
• New forecast run launched every 30 min, 

projected 3-6 hours
• Targeted regional domain, 3km grid

https://www.commerce.gov/
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Environment Applied To Warning Strategy
 Early RMA Support - March 31 Before 

The Event
During 

The Event
After The 

Event

https://www.commerce.gov/
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Friday March 31 11:30 AM

 Early RMA Support - March 31 Before 
The Event

During 
The Event

After The 
Event

● 17Z WoFS (First Run) MUCAPE and 
Reflectivity Paintballs

● Two rounds of convection with CI along 
the steep low level lapse rate gradient

● First WoFS run, so we will need to 
watch run to run trends as it assimilates 
in satellite and radar trends

https://www.commerce.gov/
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Friday March 31 11:24 AM 17Z WoFS 

 Friday March 31 - Midday Before 
The Event

During 
The Event

After The 
Event

● SPC: “Rapid supercell development is expected over 
the next 1-2 hours across portions of SW IA… 

● SPC: “The current observational trends match consistently 
with recent HRRR and WOFS guidance which shows 
numerous, potentially tornadic, supercells moving across 
eastern IA this afternoon.” 

https://www.commerce.gov/
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Friday March 31 11:30 AM Friday March 31 11:45 AM

 Friday March 31 - Midday Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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Friday March 31 12:30 PM Friday March 31 12:40 PM

 Friday March 31 - First Warnings Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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Friday March 31 12:51 PM

 Friday March 31 ~18Z Before 
The Event

During 
The Event

After The 
Event

Friday March 31 1:00 PM

https://www.commerce.gov/
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Friday March 31 3:02 PM

 Friday March 31 - Tor Warning #2 Before 
The Event

During 
The Event

After The 
Event

Large hail in Centerville, IA ~3pm

Photo Credit: Frances Pineda

https://www.commerce.gov/
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Friday March 31 3:42 PM

 Friday March 31 ~18Z Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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 Friday March 31 - Event Overview Before 
The Event

During 
The Event

After The 
Event

SPC Event Reports 3/31/23

https://www.commerce.gov/
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 Friday March 31 ~19Z Before 
The Event

During 
The Event

After The 
Event

Friday March 31 1:44 PMFriday March 31 1:44 PM

https://www.commerce.gov/
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Friday March 31 3:06 PMFriday March 31 2:58 PM

 Friday March 31 ~20Z Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/


NATIONAL WEATHER SERVICE Department of Commerce  //  National Oceanic and Atmospheric Administration  //  27

Friday March 31 3:04 PM

 Friday March 31 ~20Z Before 
The Event

During 
The Event

After The 
Event

A big workload is keeping 
pace with WoFS: 
● How it is initializing
● How this may impact it 

downstream fields
● Run to run trends (is 

the system honing in on 
a signal)

● Communicating this to 
the meso-a and 
warning teams

https://www.commerce.gov/
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Friday March 31 3:13 PM

 Friday March 31 ~20Z Before 
The Event

During 
The Event

After The 
Event

Friday March 31 3:13 PM

https://www.commerce.gov/
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© Hunter Fowkes
March 31, 2023
Keota, Iowa area

  During the Event:  NWS Quad Cities (DVN)

https://www.commerce.gov/
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  DVN Tornado Numbers
Historic Tornado Outbreak 

31 March 2023

31 March 2023
Quad Cities County Warning Area (CWA)

● 29 tornadoes - most for an event

● 15 EF2+ (34% of outbreak); most strong 
tornadoes in the CWA for an event

● 0 fatalities and 11 injuries

EF4 Keota, IA Tornado; Photo:  Andre Wehrle

ILLINOIS
IOWA

WISCONSIN

NWS survey tornado tracks from 31 March 2023; source: NWS DAT

Keota

Iowa City

  DVN Tornado Numbers

https://www.commerce.gov/
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Historic Tornado Outbreak 
31 March 2023  DVN Tornado Numbers

  DVN Tornado Numbers

Historic Tornado Outbreak 
31 March 2023

Location and Intensity

5

6

  DVN Tornado Numbers

1 Martinsburg, IA  EF-3 150 mph 16 Oneida-Greeley, IA  EF-1 110 mph

2 Keota-Wellman, IA  EF-4 170 mph 17 Mediapolis, IA  EF-2 120 mph

3 Vinton, IA  EF-2 115 mph 18 Wyoming, IA  EF-1 100 mph

4 Amish-Frytown, IA  EF-0 85 mph 19 Charlotte, IA  EF-2 120 mph

5 Coralville-Solon, IA  EF-2 125 mph 20 Fulton, IA  EF-1 100 mph

6 Mt. Auburn, IA  EF-2 115 mph 21 Andrew, IA  EF-0 75 mph

7 Urbana, IA  EF-U 22 Bellevue, IA  EF-1 105 mph

8 Hills, IA  EF-2 120 mph 23 Geneseo, IL  EF-2 135 mph

9 Rowley, IA  EF-U 24 Atkinson, IL  EF-2 110 mph

10 Solon-Mt. Vernon, IA  EF-2 130 mph 25 Hooppole, IL  EF-2 120 mph

11 West Branch, IA  EF-0 80 mph 26 Kewanee, IL  EF-2 120 mph

12 Tipton-Clarence, IA  EF-2 120 mph 27 Mt. Carroll, IL  EF-1 110 mph

13 Tipton, IA  EF-1 100 mph 28 Deer Grove, IL  EF-1 110 mph

14 Bennett, IA  EF-2 120 mph 29 Lanark-Baileyville, IL  EF-1 100 mph

15 Manchester, IA  EF-1 110 mph

https://www.commerce.gov/
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March June

   U.S. Violent Tornado Climatology (EF4+) 

Using a rolling 3 week average from 1950 - 2022

Historic Tornado Outbreak 
31 March 2023

North of 40° N

Raw Data Source: SPC

April May
States with the Most Violent Tornadoes (1950-2022):  1. OK   2. TX   3. IA   4. KS   5. AL

Historic Tornado Outbreak 
31 March 2023  U.S. Violent Tornado Climatology (EF4+)

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

https://www.commerce.gov/
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  Environment:  Significant Tornado Potential

Surface

Kinematics 

Instability

LCL / Warm 
RFD Proxy

Composite

 Environment: Sig Tor Potential Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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  Environment:  4 P.M. Surface Weather Map

❏ Fronts or boundaries, in 
particular warm frontal-type 
boundaries

❏ Increasing moisture and 
warmth (theta-e)

❏ Sufficiently low T-Td spreads

❏ Backed winds from the 
background environment

❏ Gusting south or 
southeasterly winds 
advancing northward

❏ Pressure falls (proxy to rapid 
change on the mesoscale)

Surface Weather Keys in 
Tornado Environments

 Environment: 4 PM Sfc Wx Map Before 
The Event

During 
The Event

After The 
Event

More favorable all of these are, the 
greater potential for stronger and 

longer duration tornadoes

https://www.commerce.gov/
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The high amount of 0-1 SRH 
contextualized with climatology 
from Thompson et al. 2003.  → 

← The hodograph indicated quick 
storm motions (50+ mph), and that 
east-northeast supercell motions 
that day would maximize ingest of 
streamwise vorticity.

● Modified mlCAPE of 1500 - 2000 J/kg ● Effective bulk shear of 70 kts
● 40 kts 0-1 km shear

   DVN Sounding: 18Z 31 March 2023
Historic Tornado Outbreak 

31 March 2023

Hodograph

 DVN Sounding: 18Z 3/31/23 Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/


NATIONAL WEATHER SERVICE Department of Commerce  //  National Oceanic and Atmospheric Administration  //  37

  RAP Proximity Data: 21Z 31 March 2023
Historic Tornado Outbreak 

31 March 2023

Location:  Keota, IA

 RAP Proximity Data: 21Z 3/31/23 Before 
The Event

During 
The Event

After The 
Event

Plots used 
with permission by 
Cameron Nixon; 

ustornadoes.com

https://www.commerce.gov/
https://www.ustornadoes.com/20230331_2112_41-37_-91-95_rap_21z_f002/
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  RAP Proximity Data: 21Z 31 March 2023
Historic Tornado Outbreak 

31 March 2023

Location:  Keota, IA

Plots used 
with permission by 
Cameron Nixon; 

ustornadoes.com

 RAP Proximity Data: 21Z 3/31/23 Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
https://www.ustornadoes.com/20230331_2112_41-37_-91-95_rap_21z_f002/
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Radar Analysis
with Foundational Environment in Mind

https://www.commerce.gov/
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 Keota, Iowa Supercell Radar Loop
Historic Tornado Outbreak 

31 March 2023

KDVN 0.5° Reflectivity (dBZ) KDVN 0.5° ρhv  (Correlation Coefficient)

2020Z - 2217Z 

● Produced 5 
tornadoes (1 EF4)

● Persistent tornadic 
debris signature 
(TDS)

● Small pieces of 
debris expand in the 
forward flank

● Supercell absorbed 
by a growing 
convective cluster

Points of Interest

 Keota, Iowa Supercell Radar Loop Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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NWS survey 
damage photo of 
destroyed home 
from near Keota, IA 

21:07Z KDVN Base Reflectivity 21:07Z KDVN Base Velocity
21:21Z KDVN Correlation 

Coefficient

Peak Winds: 170 mph, Duration: 25 minutes, Path Length: 20.3 miles, Max Width: 700 yards

 Keota, Iowa EF4 Tornado
Historic Tornado Outbreak 

31 March 2023

For 45 minutes, 
average TDS height of 
21,300 ft  (EF4 tornado 
~25 minutes)

Data Source:  GR2Analyst

          EF3 tornado in 
rural Keokuk County, IA; 
courtesy Jared Schultz

“The Supercell” Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
https://docs.google.com/file/d/1p8sF_eciNo3XF0gfpbJ9RaMDfQWXtiEd/preview
https://docs.google.com/file/d/1XgrHE8Js6eDUOD4He_KUGG5um7ekITou/preview
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Peak Winds: 170 mph, Duration: 25 minutes, Path Length: 20.3 miles, Max Width: 700 yards

 Keota, Iowa EF4 Tornado
Historic Tornado Outbreak 

31 March 2023

© Devin Pitts
March 31, 2023

Southwest of Keota, IA

 Keota, Iowa EF4 Tornado Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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 NWS Internal Tornado Damage Intensity Tool

Historic Tornado Outbreak 
31 March 2023

Foundational Research:
Smith et. al (2015, 2020) 
& Thompson et al. (2017) 

Tool Information:  
Mosier et al. (2021)
SPC Publication

 NWS Internal Tornado
 Damage Intensity Tool Before 

The Event
During 

The Event
After The 

Event

https://www.commerce.gov/
https://www.spc.noaa.gov/publications/mosier/rtetool.pdf
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Operational Workflow

https://www.commerce.gov/
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 Convective Mode Morphology
Historic Tornado Outbreak 

31 March 2023

21Z 22Z 23Z

00Z

● Discrete to semi-discrete 
supercells

● All hazards
● Greatest potential for longer 

duration significant 
tornadoes

● Supercells absorbed by line; 
evolving into a QLCS

● Several mesovortices along, 
with embedded supercell 
structures

● Most concurrent tornadoes 

● Mature QLCS (“beast 
mode”), with primarily a wind 
and tornado threat with many 
mesovortices

● Significant wind and still 
significant tornado threat 

 Convective Mode Morphology Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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 How Many Mesovorts Can You Count?
Historic Tornado Outbreak 

31 March 2023 How Many Mesovorts Can You Count? Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
https://docs.google.com/file/d/1SBM-xAnaDln27veNMfLAH40DJfnUsgVU/preview
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 Workload:  Concurrent Tornadoes
Historic Tornado Outbreak 

31 March 2023

● NWS Quad Cities CWA 
Tornado Timeline:
○ 3:49 P.M. - 7:02 P.M.

● Out of the 3 hours & 13 mins:
○ 2 hours & 46 mins with 

ongoing tornado (86% of 
time)

○ 38 mins with 3+ concurrent 
tornadoes

○ 9 mins with 4 concurrent 
tornadoes

● 15 tornadoes (8 EF2s) 
between the one hour from 
4:51 - 5:50 P.M. CDT

 Workload: Concurrent Tornadoes Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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 Workload:  Concurrent Tornadoes
Historic Tornado Outbreak 

31 March 2023

● NWS Quad Cities CWA 
Tornado Timeline:
○ 3:49 P.M. - 7:02 P.M.

● Out of the 3 hours & 13 mins:
○ 2 hours & 46 mins with 

ongoing tornado (86% of 
time)

○ 38 mins with 3+ concurrent 
tornadoes

○ 9 mins with 4 concurrent 
tornadoes

● 15 tornadoes (8 EF2s) 
between the one hour from 
4:51 - 5:50 P.M. CDT

 Workload: Concurrent Tornadoes Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/


NATIONAL WEATHER SERVICE Department of Commerce  //  National Oceanic and Atmospheric Administration  //  49

Radar interrogation

Issuing convective 
warnings

Mesoanalysis

Communicating 
these expectations

Impact-Based 
Decision Support 
Services (IDSS)

Communications

Radar    

Event Coordinator

  Severe Weather Operations
Historic Tornado Outbreak 

31 March 2023

MessagingForecast

 Severe Weather Operations Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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 Operations Floor and Sectorization
Historic Tornado Outbreak 

31 March 2023

Playbooks

 Operations Floor & Sectorization Before 
The Event

During 
The Event

After The 
Event

Comms

Comms / Tactical 
Webinar

Comms / Hydro  
Data / Comms

Coordinator

https://www.commerce.gov/
https://docs.google.com/presentation/d/1q8d69rnpvsB5G9m0LkOtbLUSmG1uCMSaVHgUsgPATJ8
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During Event Briefings

https://www.commerce.gov/


NATIONAL WEATHER SERVICE Department of Commerce  //  National Oceanic and Atmospheric Administration  //  52

  Critical DSS Provided by WFO Quad Cities
Historic Tornado Outbreak 

31 March 2023

Live Tactical 
Webinar for 
Emergency 
Managers

EF3 tornado in Keokuk County, IA 
courtesy Jared Schultz

➔ Area schools released several hours early to give families time to prepare for the High Risk of 
severe weather!

 Critical DSS by WFO Quad Cities Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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   Positive Partner Feedback!
Historic Tornado Outbreak 

31 March 2023

NWS Quad Cities Partner Feedback

● Washington and Keokuk County, Iowa EM: “On a day when I was 
overwhelmed by multiple tornadoes hitting multiple counties I was serving, 
NWS Quad Cities always answered my call.”

● University of Iowa Hospital and Clinics on the tactical webinars: “This was 
great to have today, thank you all for setting it up and making yourselves 
available real time.”

● Media Partner: “Kudos to everyone at NWS and the other TV stations today!”

 Positive Partner Feedback! Before 
The Event

During 
The Event

After The 
Event

https://www.commerce.gov/
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Mutual Aid

https://www.commerce.gov/
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 Mutual Aid
Historic Tornado Outbreak 

31 March 2023

● Remote Mesoanalysis (RMA)

● CWA-Crossing warned 
convection

● Post-Event service backup

● Storm surveys
○ Satellite assistance 
○ Tornadoes crossing CWAs

Image

Image

Image

 Mutual Aid Before 
The Event

During 
The Event

After The 
Event

© Andre Wehrle
March 31, 2023

https://www.commerce.gov/
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 Mutual Aid
Historic Tornado Outbreak 

31 March 2023 High Post Event Workflow Before 
The Event

During 
The Event

After The 
Event

● Having post event playbooks and practicing them via training is essential

● Keeping track of hundreds of reports of damage within dozens of 
mesovortex paths requires planned, organized methods for these higher 
end events, and often mutual aid in multiple formats

March 31, 2023:  NWS Quad Cities Tornado Tracking Spreadsheet
March 31, 2023:  NWS Chicago Tornado Tracking Spreadsheet

https://www.commerce.gov/
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   Summary and Lessons Learned
Historic Tornado Outbreak 

31 March 2023

● Exceptional national level forecasts were honed to the local scale with pattern recognition 
adding confidence to what was messaged and how strongly it was messaged

● Evaluating the environment is equally as important as interrogating storms on radar, as it 
serves the foundation for how we expect storms to evolve

● NWS partners depend on local expertise more than ever which can be provided through 
frequent DSS, supported by equally frequent and sound environmental and radar analysis

● Tactical-style webinars can help core partners make critical decisions throughout an event
○ One to many DSS approach 

● Mutual aid is helpful not only during events (e.g. mesoanalysis), but after, as we learned 
through extensive damage surveying and cataloging the event’s impacts

 Summary & Lessons Learned Before 
The Event

During 
The Event

After The 
Event
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Thank you!
Questions?

Contact Us!
kristy.carter@noaa.gov
patrick.ayd@noaa.gov  

timothy.j.gunkel@noaa.gov
matt.friedlein@noaa.gov

Also look for the NWS Quad Cities 
Story Map for the 1-year anniversary of 

this event to be shared his weekend

NWS DVN Event WebpageNWS DMX Event Webpage

https://www.commerce.gov/
mailto:kristy.carter@noaa.gov
mailto:patrick.ayd@noaa.gov
mailto:timothy.j.gunkel@noaa.gov
mailto:matt.friedlein@noaa.gov

