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Dec 10-11, 2021 Tornadoes

Brandon Clement

149 Tornado Warnings Issued

71 confirmed tornadoes in just over 
24 hours (24 hours 11 minutes)

89 confirmed tornadic fatalities 
(+6 non-tornadic) & 672 injuries

$3.9 billion (2021 USD)

As of this date, the outbreak set a 
new record for confirmed tornadoes 
in the month of December. 



Dec 10-11, 2021 Snowstorm

This system produced a very narrow band of 
intense snow from south of the Twin Cities into 
northwest Wisconsin where amounts ranged 
from 15 to locally 21 inches!



Everything, but the Kitchen Sink



Multifaceted System: High Winds

● 2nd highest gusts on record at RST and LSE

● RST hit 77 mph twice (storms & high winds)



4" Soil Moisture from Dec 14 - saved off from NASA's Land Information System

Very Dry across Western US (December 10)

https://noaa.maps.arcgis.com/home/item.html?id=ba0e5872f2b64a10aa0e0db3c5dbfc5b


Multifaceted System: Blowing Dust
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Multifaceted System: Blowing Dust



Multifaceted System: Wild Fires

Nearly 400,000 acres have been impacted 
by wildfire, so far, due to yesterday's 
historic high winds combined with the 
drought or near drought conditions across 
Kansas. Wind gusts exceeding 80 miles 
per hour were detected in the four county 
region of Ellis, Russell, Osborne and 
Rooks, where the largest fire occurred. 
The fire referred to below as the Four 
County Fire is approximately 365,850 
acres. The smoke from this fire impacted 
most of the eastern portion of the state on 
Wednesday evening. 



Multifaceted System: Wild Fires



Multifaceted System: Record Warmth

Melted 8+” snow within 36 hrs
Broken Tied Total

Daily Record Highs 793 127 920
Warms Lows 557 105 662

Monthly Record Highs 141 48 189
Warms Lows 26 14 40

December Warmest 
High Records

Boscobel, WI had a high of 72°F. Previous 
record was 71°F at Wautoma on 12/1/2016.

Several IA sites 75°F. Previous record 74°F
at Thurman on 12/6/1939.



Multifaceted System: Dense Fog



Multifaceted System: Derecho & Tornado Outbreak

● 121 Tornadoes in NE, SD, IA, MN, & WI 
● Largest December Tornado Outbreak  surpassing the December 

10-11, 2022 Outbreak
● First December tornado on record in MN

● Derecho winds
• 93 reports of 70-79 mph gusts
• 48 reports of 80-89 mph gusts
• 18 reports of 90-99 mph gusts
• 4 reports of 100-107 mph gusts
• Highest wind gust 107 mph @ Lamar, CO (8:44 AM)



40 Tornadoes

27 Tornadoes
10 Tornadoes

9 Tornadoes
25 Tornadoes

15 Tornadoes

Multifaceted System: Derecho & Tornado Outbreak

Source:  IEM Feature of the Day (https://mesonet.agron.iastate.edu/onsite/features/cat.php?day=2021-12-21)
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27 Tornadoes
10 Tornadoes
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15 Tornadoes

Multifaceted System: Derecho & Tornado Outbreak

Midwestern RCC Tornado Tracks Tool:  https://mrcc.purdue.edu/gismaps/cntytorn.htm#

No December 
Tornadoes

5 December 
Tornadoes

5 December 
Tornadoes

5 December 
Tornadoes

https://mrcc.purdue.edu/gismaps/cntytorn.htm


Source Link:  https://apps.dat.noaa.gov/StormDamage/DamageViewer/
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27 Tornadoes
10 Tornadoes
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25 Tornadoes

15 Tornadoes

Multifaceted System: Derecho & Tornado Outbreak

County Warning Area Breakdown of Tornadoes
Unranked EF0 EF1 EF2 Totals

GID 0 4 5 0 9
FSD 1 0 7 2 10
OAX 0 2 14 9 25
DMX 5 7 11 17 40
MPX 0 6 7 2 15
ARX 0 9 14 4 27

Totals 6 28 58 34 126

State Breakdown of Tornadoes
Unranked EF0 EF1 EF2 Totals

NE 0 5 16 7 28
IA 6 13 24 21 64

MN 0 7 14 1 22
WI 0 3 3 4 10

Totals 6 28 58 34 124



Multifaceted System: Derecho & Tornado Outbreak



CPC 6-10 Day Outlooks from December 7-8, 2021

Climate Prediction Center:  https://www.cpc.ncep.noaa.gov/products/predictions/threats/threats.php
CPC 6-10 & 8-14 Day Data & Graphics Archive:  https://www.cpc.ncep.noaa.gov/products/archives/short_range/srarc.ind.php

December 8 - The highest probabilities 
(>90 percent) are located over parts of 
the Great Plains, Mississippi Valley, Great 
Lakes, and Ohio Valley, corresponding 
with large positive 500-hPa height 
anomalies and enhanced southerly flow. 
Maximum temperatures near 30°F 
above normal are possible for parts of 
this region early in the period.

December 7 - The National Blend of 
Models indicates the potential for record 
high temperatures across portions of the 
Great Plains and Midwest on days 7 and 8, 
with maximum temperature anomalies 
exceeding +20°F in some places. 

https://www.cpc.ncep.noaa.gov/products/predictions/threats/threats.php
https://www.cpc.ncep.noaa.gov/products/archives/short_range/srarc.ind.php


CPC Outlooks from December 7, 2021

CPC Day 8-14 U.S. Hazards:  https://www.cpc.ncep.noaa.gov/products/predictions/threats/threats.php
CPC’s Day 8-14 U.S. Hazards Archive:  https://www.cpc.ncep.noaa.gov/products/archives/hazards/gethazards.php

https://www.cpc.ncep.noaa.gov/products/predictions/threats/threats.php
https://www.cpc.ncep.noaa.gov/products/archives/hazards/gethazards.php
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Weather Model Fantasy Land?
08 Dec 2021 05:32 AM
After an expected winter storm that will bring 
accumulating snowfall over northwestern 
Iowa later this week, a major temperature 
warm up is expected next week. Weather 
forecasters are already buzzing with how 
warm temperatures are predicted by models 
like the NWS Global Forecast System (GFS). 
The featured map is a forecast for *next* 
Wednesday afternoon with much of Iowa in 
the 65 to 75°F range. If this would verify, it 
would represent a number of new month 
of December records for high 
temperature over Iowa! Of course, many 
consider maps like these "model fantasy 
land" as it is a 189 hour forecast!

https://mesonet.agron.iastate.edu/onsite/features/past.php?year=2021&month=12

Dec 8 – Models Indicating Record Warmth

https://mesonet.agron.iastate.edu/onsite/features/cat.php?day=2021-12-08


Cluster Analysis depicted this very 
anomalous ridge/trough pattern with 
anomalies +/- 200 m respectively leading 
up to the event. 

While there are some fine details to 
consider, all ensembles agree on the 
same pattern setup with similar anomalies.

Cluster Analysis of all Ensemble 
members (50 ECMWF, 30 GEFS, 
20 Canadian)

Forecast Trends: Notable Signals 6 Days Prior



Forecast Trends: Notable Signals 6 Days Prior

With such an anomalous ridge/trough pattern in December, one can expect surface fields to reflect 
extremes. Sure enough that was the case.  NAEFS Mean Sea Level Pressure & ECMWF Ensemble 
Extreme Forecast Index and Shift of Tails plots for Max T, and wind gusts. 



Forecast Trends: 6 Days To 1 Day Prior

Increasing signals for unprecedented mid-Dec system!



MinT values are also forecast to reach record high 
minimums at over 50 sites for December 15.

WPC’s NBM Forecast Records (December 10)

WPC’s NBM Forecast Records:  https://origin.wpc.ncep.noaa.gov/exper/nbm_rec/nbm_rec.html#

The NBM is already forecasting 43 sites to reach record 
high MaxT values & another 12 near (within 1°F) on 
December 15.

High Max Temperature Records Warm Min Temperature Records

https://origin.wpc.ncep.noaa.gov/exper/nbm_rec/nbm_rec.html


Forecast Trends: Thunderstorm Potential

“Certainly strong dynamics in play, so will have to 
monitor potential for severe storms.”

“Due to this instability, there are chances for thunder 
in the forecast.”

“Given the very fast storm motions and reservoir of 
strong winds aloft, any convection could produce severe 
wind gusts…and a conditional risk for a tornado.”

“For mid-December, seeing dewpoints climbing to 
around 60 with the aforementioned dynamics in place is 
EXTREMELY concerning. …The line of storms will quickly race 
eastward at forward speeds perhaps exceeding 70 kts.



Day 3 Day 2 Day 1

Forecast Trends: Thunderstorm Potential



ECMWF Ensemble Wind 
Gust Plots

ECMWF ECE Wind Gusts (mph) 
Gaylord, MI from December 13

WeatherBELL:  https://maps.weatherbell.com/

Dec 15-16

WEATHERMODELS.COM:  https://weathermodels.com/

• ECMWF Ensemble consistently showed high wind 
gusts for about a week ahead of December 15-16

• Wind gusts were in high end Wind Advisory or High 
Wind Warning criteria 

https://maps.weatherbell.com/
https://weathermodels.com/


Forecast Trends: 1 Day Prior

WPC Ensemble Situational Awareness Tables:  https://satable.ncep.noaa.gov/

https://satable.ncep.noaa.gov/


Challenges Faced: Communicating Threats
● Wide variety of impacts
● Time of year
● Intense storms
● Nighttime storms (ARX CWA)
● Fast-moving storms

○ Limited warning lead time
○ Limited heads-up calls to dispatch centers

● “Lull” between storms and high winds
● How to express seriousness of situation and 

potential severity of impacts



Messaging: 3-4 Days Prior (December 11-12)
December 11 December 12

First mentions of possible record warmth and windy conditions



Messaging: 3-4 Days Prior (December 11-12)

Statistical Tool



Messaging: 3-4 Days Prior (December 11-12)

https://mesonet.agron.iastate.edu/plotting/auto/?q=73

https://mesonet.agron.iastate.edu/plotting/auto/?q=73


Messaging: 2 Days Prior (December 13)

First mentions of possible high winds and thunderstorms



Messaging: 1-2 Days Prior (December 13-14)

December 13 December 14

First heightened wording for high winds and expected impacts



Messaging: 1-2 Days Prior (December 13-14)



Messaging: 1 Day Prior (December 14)

First mention of severe weather possibility, high wind warning, and wind safety considerations



Source:  Forecast Sampler (DLH)

Messaging: 1 Day Prior (December 14)



Messaging: Morning Prior (December 15)

● Historic event
● Dec SVR warnings are rare
● Line of fast-moving strong to severe storms
● Damaging winds to 70 mph, isolated tornadoes
● Exceedingly rare December moderate risk
● Enhanced damaging winds 70-80+ mph
● Cannot emphasize enough the unusual nature of this event
● Strong tornadoes possible



Safety Messaging: Morning/Afternoon Prior



Messaging: As Event Unfolds



Messaging: As Event Unfolds



Climate Prediction Center
• 6 to 10 Day Outlooks
• 8 to 14 Day Outlooks
• 6-10 & 8-14 Day Data & Graphics Archive
• U.S. Week 2 Hazards Outlook
• U.S. Hazards Archive

Damage Assesssment Toolkit

Day 3-7 Cluster Prototype Page

ECMWF Ensemble Wind Gust Plots
• WeatherBELL
• WEATHERMODELS.COM

Forecast Sampler (DLH)
• Web Site
• Documentation

Iowa Environmental Mesonet
• Main Page
• Daily Past Features 
• Automated Data Plotter

• Number of Watch/Warnings/Advisories Issued per Year 
(#73)

References
Midwestern RCC
• cli-MATE  Sub-Daily Threshold Search
• Tornado Tracks Tool

NBM 1D Viewer

NWS Central Region Presentations
• Dec 15-16, 2021 Megastorm (Andrew Just)
• Dec 15-16, 2021 Storm (Andrew Just)

Storm Prediction Center
• Hourly Mesoscale Analysis Archive
• High Resolution Ensemble Forecast version 2 

(HREFv2)
• Severe Weather Climatology (1982-2011)
• Severe Weather Event Archive

Weather Prediction Center

• NBM Forecast Records
• Ensemble Situational Awareness Tables
• Ensemble Situational Awareness Table NAEFS 
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• ECMWF Extremes Forecast Index & Shift of Tails
• Weather in Context Prototype

https://www.cpc.ncep.noaa.gov/products/predictions/610day/
https://www.cpc.ncep.noaa.gov/products/predictions/814day/
https://www.cpc.ncep.noaa.gov/products/archives/short_range/srarc.ind.php
https://www.cpc.ncep.noaa.gov/products/predictions/threats/threats.php
https://www.cpc.ncep.noaa.gov/products/archives/hazards/gethazards.php
https://apps.dat.noaa.gov/StormDamage/DamageViewer/
https://origin.wpc.ncep.noaa.gov/wpc_ensemble_clusters/day_3_7/view.php
https://maps.weatherbell.com/
https://weathermodels.com/
https://script.google.com/a/macros/noaa.gov/s/AKfycbyVp_vzvYaQdjO_sc2XrdW-nQCdHVuJQI8cMn6dverBPelDZ8C6zHFsPuKmjosj8qK3mA/exec?sites=Rochester,%20MN%5e44.0216%5e-92.4699%5e1.4em|Platteville,%20WI%5e42.7342%5e-90.4785%5e1.0em|La%20Crosse,%20WI%5e43.8014%5e-91.2396%5e1.4em|Winona,%20MN%5e44.0500%5e-91.6393%5e1.0em|Decorah,%20IA%5e43.3033%5e-91.7857%5e1.0em|Tomah,%20WI%5e43.9786%5e-90.5040%5e1.0em|Austin,%20MN%5e43.6666%5e-92.9746%5e1.0em|Medford,%20WI%5e45.139%5e-90.345%5e1.0em|Neillsville,%20WI%5e44.560%5e-90.597%5e1.0em|Black%20River%20Falls,%20WI%5e44.296%5e-90.849%5e1.0em|Charles%20City,%20IA%5e43.066%5e-92.673%5e1.0em|Prairie%20du%20Chien,%20WI%5e43.052%5e-91.141%5e1.0em|Richland%20Center,%20WI%5e43.335%5e-90.386%5e1.0em|Oelwein,%20IA%5e42.673%5e-91.914%5e1.0em|Wabasha,%20MN%5e44.380%5e-92.038%5e1.0em|Dodge%20Center,%20MN%5e44.033%5e-92.859%5e1.0em|Preston,%20MN%5e43.672%5e-92.082%5e1.0em|&field=Sky%20Cover%20(Max)&timeIntervalURL=1&timeUnitFieldURL=hour&tickIntervalFieldURL=1&tickLabelXOffsetURL=0&tickLabelYOffsetURL=30&yOffsetGraphLabelURL=-15&tickLabelOffsetURL=0&tickLabelSamplingRateURL=1&showClimate=f&climateSiteURL=DLH&sortAlphabeticallyURL=t
https://docs.google.com/presentation/d/1W1MZLr-4-sKGch60hqZHOGaOzwpzDtMv6dJCzzeNwjY/edit#slide=id.p
https://mesonet.agron.iastate.edu/
https://mesonet.agron.iastate.edu/onsite/features/past.php?year=2021&month=12
https://mesonet.agron.iastate.edu/plotting/auto/?q=73
https://mrcc.purdue.edu/CLIMATE/Hourly/StnThreshold.jsp
https://mrcc.purdue.edu/gismaps/cntytorn.htm
https://hwp-viz.gsd.esrl.noaa.gov/wave1d/?location=KSTL&col=2&hgt=1&obs=true&fontsize=1&selectedgroup=Default&darkmode=auto&graph=fa-chart-bar&probfield=Tmax&proboperator=%3e%3D&probvalue=40&colorfriendly=false&whiskers=false&boxes=true&median=false&det=true&tz=local
https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=cfb500eca49a43a1848185485679bfa7
https://docs.google.com/presentation/d/1gkdOQccluRgHsMIbcPpkUfaF10sRIP6Clr7-lCumNH4/edit#slide=id.g1059c2fcadf_3_142
https://www.spc.noaa.gov/exper/ma_archive/
https://www.spc.noaa.gov/exper/href/
https://www.spc.noaa.gov/new/SVRclimo/climo.php?parm=anySvr
https://www.spc.noaa.gov/exper/archive/event.php?date=20211215
https://origin.wpc.ncep.noaa.gov/exper/nbm_rec/nbm_rec.html
https://satable.ncep.noaa.gov/
https://satable.ncep.noaa.gov/naefs/
https://satable.ncep.noaa.gov/efi/
https://www.wpc.ncep.noaa.gov/hmt/weather_in_context/prototype/index.php

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48

