Research-to-Operations/Applications
Success Stories

Alan Gerard, NSSL Division Chief, WRDD




Research-to-Operations...

...Is at the heart of what
NSSL has been since
we started...




Weather Radar

1973 Union City tornado
research motivates
Doppler development for
future NWS radars

1973 First WSR-74 fielded
in Lubbock, Tx

Dual polarization radar

1984 NSSL’s Cimarron
Doppler radar is converted
to dual-polarization

1988 WSR-88D radar
prototype (KOUN) erected
at Operational Support
Facility

1996 NSSL received from
NWS a R&D WSR-88D
(KOUN) and begun
conversion to dual-
polarization

1997 WSR-88D
deployment is completed

2004 Data collection with
SPY-1A phased array radar
begins

2004 NEXRAD PMC approves

upgrade of its WSR-88D
network to dual polarization

Dual-pol WSR-88D

2013 NSSL begins work on
the proof of concept for
dual-pol phased array
radar

2013 Upgrade to dual
polarization of WSR-88Ds
is completed




Multi-Radar Multi-Sensor System (MRMS)

1998

2000

2001

2004

2006

MRMS starts

MRMS started with an U.S. Weather Research Program project to
improve the operational radar quantitative precipitation estimates
(QPE) in the western U.S.

First real-time MRMS system
The first real-time MRMS system (6 radars) at the Salt River Project
(Arizona)

Site Visits to NWS Offices

Demonstrations of initial MRMS capabilities for operational
stakeholders

CONUS real-time MRMS research system
CONUS real-time MRMS research system established
(~140 radars...NEXRAD only)

Experimental products disseminated

Dissemination of experimental products to National Weather
Service forecast offices and national centers for evaluation

2014

2016

2020

2022

MRMS IOC operational at NCO

MRMS Initial Operational Capability (I0C - v10) became operational
at NWS NCEP Central Operations

(~180 radars...US NEXRAD and Canadian networks)

MRMS v11 operational

MRMS v11 became operational at NWS NCEP Central Operations.
Included initial deployment of FLASH products

MRMS v12 operational

Includes dual-pol enhancement for precipitation, addition of four
OCONUS domains, first operational integration of gap-filling radar
at Alamosa, Colorado

MRMS development on Public Cloud

MRMS v12 development system deployed and running in real-time
on AWS Public Cloud

MRMS v20 operational (planned)

MRMS v20 planned operational release, featuring major code
modernization and optimization
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Research:>|mproved Operations:>|mproved Services

Polarimetric QPE performance during past summer flash flood events
The R(A) / R(Kdp) algorithm. 24 —hour total

Tennessee flash flood Ida. Louisiana, Missisippi Ida. US Northeast
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Seen earlier in the review
from Ryzhkov
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Research™) Improved Operations™ ) Improved Services

m.:;122;(.15;;.;-’51;:‘.-t:;m\x ro® Photos: Here’s a look at the
3 destruction left by the remnants of
i Idain Mass.

Some areas are thought to have received 7 to 8 inches of
rain, with one report of 9.5 inches in New Bedford.

Cal
ra

k.

Given significant reports of flash floomemelym&ﬂ—v
(3000+ units in some cases), hourly rain rates (an ASOS in NJ had an hourly rate of almost 3”) etc. coming out of PA/NJ/NY we
have high confidence that flash flooding will occur in our area. Several areas of the mid Atlantic are currently experiencing greater
than 1 in 200 year (our scale stops at 200) flooding, which is quite a concerning figure given this wall of water will be pushing
into our area. In an effort to alert the public before they wind down for bed and to really push messaging to encourage people to
stay off roadways during the morning commute, we have tossed out flash flood warnings for several of our “flashy” counties

AN
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WRF-NSSL
Composite reflectivity (dBZ) and 2-5 km UH >75 m?/s?

R20, R2X and Knowledge Transfer

Run: 2021-10-05 00:00 UTC
Valid: 2021-10-05 19:00 UTC

s 4

Keyboard Shortcuts

[<] previcsttime [>] next festtime
E play/pause loop E‘ last run (hold dowr
[h] tozsle top menu

More Information

* CAMdaily run schedules

= FV3-NSSL now uses the FV3-LAM configuration




R20, R2X and Knowledge Transfer

WRF-NSSL

Composite reflectivity (dBZ) and 2-5 km UH >75 m?/s?

Run: 2021-10-05 00:00 UTC
Valid: 2021-10-05 19:00 UTC
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Keyboard Shortcuts

‘Z‘ prev fest time |Z| next fcst time
[p] playipause loop [b] tast run (hold dowr
] coseetopmens

More Information

* CAMdaily run schedules
= FV3-NSSL now uses the FV3-LAM configuration

MESOSCALE DISCUSSION 0120
NWS STORM PREDICTION CENTER NORMAN OK
1101 AM CST THU FEB 20 2014

AREAS AFFECTED...NERN TX...SRN AR..NWRN LA
CONCERNING...SEVERE POTENTIAL...WATCH LIKELY
VALID 201701Z - 2019002

PROBABILITY OF WATCH ISSUANCE...80 PERCENT

SUMMARY...PRE-FRONTAL DEEP CONVECTION HAS JUST COMMENCED ACROSS THE
ARKLATEX. THIS ACTIVITY WILL INTENSIFY THIS AFTERNOON WITH A
PREDOMINANT MODE OF SHORT LINE SEGMENTS AND EMBEDDED SUPERCELL
STRUCTURES LIKELY. ALL SEVERE RISKS APPEAR POSSIBLE...BUT SHOULD
GENERALLY REMAIN ISOLATED IN COVERAGE THROUGH MID-AFTERNOON.

DISCUSSION...WITHIN A PRE-FRONTAL CONFLUENCE BAND ALONG THE AXIS OF
RICHEST LOW-LEVEL MOISTURE ACROSS THE ARKLATEX...LIGHTNING-PRODUCING
CONVECTION HAS COMMENCED JUST WEST OF SHV IN NERN TX AS A STOUT EML
NOTED IN 12Z SHV/FWD RAOBS HAS ERODED. ALTHOUGH SURFACE HEATING HAS
BEEN SLOWED BY ABUNDANT CLOUDINESS WITHIN THE WARM SECTOR...GRADUAL
DESTABILIZATION WILL CONTINUE AND SHOULD YIELD MODEST BUOYANCY WITH
MLCAPE INCREASING TO 1000-1500 J/KG. WITH DEEP-LAYER SHEAR GENERALLY
PARALLELING THIS INITIATION CORRIDOR...ALONG WITH VEER-BACK WIND
PROFILES SAMPLED IN SHV VWP DATA...CONVECTIVE MODE SHOULD LARGELY
CONSIST OF SHORT-LINE SEGMENTS. NEVERTHELESS...SUFFICIENT LOW-LEVEL

SRH WILL EXIST FOR ROTATING UPDRAFTS CAPABLE OF PRODUCING ALL SEVERE
HAZARDS. 12Z NSSL-WRF APPEARS TO HAVE A REASONABLE SCENARIO WITH
REGARD TO TIMING OF THIS CONVECTION AND SUGGESTS INTENSITY/COVERAGE
WILL INCREASE DURING THE AFTERNOON WITH APPROACH OF THE SURFACE COLD
FRONT.
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R20, R2X and Knowledge Transfer

SSEO Severe
[SP]:HM Updraft Helicity >25 m?s2

WRF NS
Compositere fectviy (652) and 2.5 km UH 75 méist

Run: 202111005 00:00 UTC
Valig: 202110.05 19:00 UTC supercell




Citizen Science/mPING

e Started in 2010 as an

mPING Report outgrowth of the local
Test (central OK) Winter
o Hydrometeor Ground
Truth Experiment to
support research and
validation of the WSR-88D
Hydrometeorological
Classification Algorithm

Rain/Snow

Hail

Wind Damage

Tornado
Flood
Mudslide

Reduced Visibility

* With time, potential
operational application of
crowdsourced obs became
apparent, and NSSL
partnered with NWS
personnel to make data

Database queried 268.3 million available through LDM
times; over 5 million NWS queries into AWIPS

O R R T N o [

Since January 2020: 632,744 reports
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Citizen Science/mPING

| Dan Baumgardt
@DanBaumgardt

| mPing! Impressive.

2020 NWS Weather Forecast Office (WFQ) Survey Results

MPING is used operationally in large majority of responding
WFOs

MPING mainly used for situational awareness, but also to:
monitor and verify forecasts, verify warnings, cross-check
against spotter reports, and (at times) in the warning decision
making process

Filtered Hail Reports (CSV) (Raw Hail CSV)(?)
Time Size Location County State Lat Lon Comments
- O e

MPING is used often by about half the respondents to adjust | = = ==& == & = o
short term forecasts out to 12 hours .

Bottom line: based on this survey, mPING has significant
operational utility for the NWS WFOs
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March 22-25 2021 Southeast
Severe/Flash Flood Event

NSSL'’s influence in the operational community




CAM Ensembles and SPC Forecasts

SPC forecasts HREF output

HREF Run: Thu 2021-03-25 12:00 UTC
24-hr min/max 2-5 km updraft heli v

SPC Day 1 Outlook and Prelim. Reports Valid:
1630 UTC 03/25/2021 to 1200 UTC 03/26/2021

n. Reports Valid:
) UTC 03/26/2021

Run: Thu 2021-03-25 12:00 UTC
03-26 12:00 UTC

7 HAIL 49

47 <2in
24 2in+
WIND 78
78 ® 50kt
0m G5kt+]
TORN 47
47 e Tom.
TOTAL174

SPC DAY | CATEGDRICAL OUTLOOK
1SSUED: 16297 0372572021
VALID: 1830 Thu 03/25 - 12002 Fri 03726

Preliminary Subjective Verification
NOAWNWS Storm Prediction Center, Norman, Okiahoma

L

Categorical Outlook Legend e e—
TSTM e L MRGL 25167 25 50 75 100 150 200 250 300 400 50
3:ENH W 4 MDT I 5: HIGH

Tiax2 s i U

TORN 47
SPC DAY 1 TORNADO OUTLOOK 47 e Torn.
ISSUED: 16292 03/25/2021 P TOTAL 47
VALID: 1630Z Thu 03725 - 12002 Fri 03726

[Tornado Probability Legend (in %):

2B sH 10/ 15H 308 45 coll Sio Bl

Preliminary Subjective Verification

AA/NWS Storm Prediction Center, Norman, Oklahoma
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“Clean” MRMS rotation tracks for
Alabama supercells

In addition to being used in warning
operations, critical for providing post-
event decision support to emergency
management and damage surveys

14




Warning Ops R20

@ Interactive Radar Map x  +

& > C @ Notsecure | hauswinstorm.nssl/Interactive_Rada

iii Apps @ SWATMap @ HausGeoServer () OUSWATGithub @ hausPHITool [ Airtable @ AWSConsole @ Cloud GeoServer @ Cloud PHiTool B Other bookmarks

SWAT roansstsoucyams Real-Time Radar | Archived Radar

3/25/2021, 21:00:00 UTC
Reflectivity at Lowest Altitude
Merged AzShear 0-2 km AGL

Rotation Track 0-2 kmAGL - 1 hr

Displayed Layers

Layer Controls
Show legend for displayed layers

Display layer time difference
Enable product readout

Opacity:
Filter by Probability: 70 %

0]
=
B
=l
=l
=)
[Zi

Time: 2021-03-25 21:00:19 UTC
Opacity:
Options

Time: 2021-03-25 21:00:19 UTC
Opacity
Options

Time: 2021-03-25 21:00:39 UTC
Opacity:
Options Remove
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Dual-pol Radar in Warning Ops

[04:03:15] <nws-steven.nelson@nwschat.weather.gov/78e4de59> Really need to
hit this hard, Vr increasing heading for south Newnan

[04:03:27]
<nws-david.nadler@nwschat.weather.gov/NWSChatLive_207.64.72.94_033628>
“IMPORTANT NOTE"* Given the trajectory of tornadic storm approaching FFC
office, we may need to evacuate quickly...within next 20 minutes. If this
occurs, NWS Birmingham would assume warning operations until the threat has
cleared our office.

[04:04:11] <media-kris.w.jackson@nwschat.weather.gov/Home> be safe

[04:04:30]
<gtri-ssrc-john.trostel@nwschat.weather.gov/NWSChatLive_130.207.218.254_033102>
That looks quite alarming! CC, reflectivity, SRV, etc... » et

[04:04:35]
<em-michael.f.rega@nwschat.weather.gov/NWSChatLive_98.251.15.191_033912>

—lkloase he save

[04:04:55] <nws-steven.nelson@nwschat.weather.gov/78e4de59> Large TDS
still growing some

[04:05:58] <nws-steven.nelson@nwschat.weather.gov/78e4de59> 63kt Vr

[04:06:09] <nws-steven.nelson@nwschat.weather.gov/78e4de59> Heading into
Newnan now

[04:06:56] <nws-dylan.lusk@nwschat.weather.gov/Office> Tornado emergency
for newnan
:32] <nws-steven.nelson@nwschat.weather.gov//8e4ded9> Were extending
the TOR into Fayette

[04:12:59]
<ham-dave.christie@nwschat.weather.gov/NWSChatLive_73.106.222.116_031358>
Report from trained weather spotter ham - at 12:10 tornado hit homes near High
School in Newnan. Major damage.

@ 16-19 November 2021 // Department of Commerce // National Oceanic and Atmospheric Administration // NSSL Science Review 16
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Dual-pol Radar in Warning Ops

GAC@77-260415-
/O.CON.KFFC.TO.l.2014.000000TO0RRZ-210326T0415Z/
Coweta GA-

1157 PM EDT Thu Mar 25 2021

...A TORNADO WARNING REMAINS IN EFFECT UNTIL 1215 AM EDT FOR AR R e
SEM
NORTHWESTERN COWETA COUNTY... APy

i . ]

At 1157 PM EDT, a confirmed large and extremely dangerous tornado was
located near Powers Crossroads, or 8 miles southwest of Newnan,
moving east at 45 mph.

This is a PARTICULARLY DANGEROUS SITUATION. TAKE COVER NOW!

HAZARD. ..Damaging tornado.

SOURCE. . .Radar confirmed tornado.

IMPACT...You are in a life-threatening situation. Flying debris may
be deadly to those caught without shelter. Mobile homes
will be destroyed. Considerable damage to homes,
businesses, and vehicles is likely and complete destruction
is possible.

Locations impacted include...
Newnan, Moreland, East Newnan, Arnco-Sargent, Powers Crossroads,
Handy and Madras.

@ 16-19 November 2021 // Department of Commerce // National Oceanic and Atmospheric Administration // NSSL Science Review 17



Y}

25
3

i
XD
o

4

&
X
)

N

Dual-pol Radar in Warning Ops

Severe Weather Statement
National Weather Service Peachtree City GA
1206 AM EDT Fri Mar 26 2021

GAC@77-260415-
/O.CON.KFFC.TO.W.20214.000000T00RRZ-210326T0415Z/
Coweta GA-

1206 AM EDT Fri Mar 26 2021

...TORNADO EMERGENCY FOR The City of Newnan...

...A TORNADO WARNING REMAINS IN EFFECT UNTIL 1215 AM EDT FOR CENTRAL
COWETA COUNTY...

At 1206 AM EDT, a confirmed large and destructive tornado was located
over Newnan, moving northeast at 55 mph.

TORNADO EMERGENCY for Newnan. This is a PARTICULARLY DANGEROUS
SITUATION. TAKE COVER NOW!

HAZARD. . .Deadly tornado.

SOURCE. . .Radar confirmed tornado.

IMPACT...You are in a life-threatening situation. Flying debris may
be deadly to those caught without shelter. Mobile homes
will be destroyed. Considerable damage to homes,
businesses, and vehicles is likely and complete destruction
is possible.

Locations impacted include...
Newnan, East Newnan, Arnco-Sargent and Madras.
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Large-scale mapping Visible &
Multispectral (RGB, RedEdge, NIR)
imagery
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Dead Leaf Stressed Leaf Healthy Leaf
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Long: -88.17, Lat: 37.95

Flooding 27-28 March

320 —
28.0 —
240 —
20.0
18.0
16.0
14.0
12.0
10.0

S

HOME FORECAST

Local forecast by

“City, St" or ZIP code News Headlines

= 67To 10 Day Outlook
. and Preci

Location Help

PAST WEATHER SAFETY INFORMATION

Outlook for Nov-Dec-Jan 2021-22

March 27-28, 2021 Historic Flash Flooding

Weather.gov > Nashville, TN > March 27-28, 2021 Historic Flash Flooding

» Online SKYWARN Spotter Class Tonight at 630 pm CDT -- Sign Up Now!
List of Tornadoes across Tennessee in 2021

4: NATIONAL WEATHER SERVICE

EDUCATION NEWS SEARCH ABOUT

Nashville, TN

Weather Forecast Office

Current Hazards ~ Current Conditions ~ Radar Forecasts Rivers and Lakes ~ Climate and Past Weather  Local Programs

Overview

An historic flash flooding event affected the central third of Middle Tennessee from the
early morning hours on March 27 through the day into the early morning hours on
March 28. A warm front moved northward into Middle Tennessee early on March 27
before stalling near the 1-40 corridor. Between 300-400 AM CDT, numerous showers
and thunderstorms developed along the warm front, many of which became severe
and produced large hail up to half dollar size along with frequent lightning and heavy
rainfall. Showers and storms continued off and on the rest of the day across Middle
Tennessee, particularly near the stalled warm front. In fact, another round of severe

including ped during the afternoon and evening hours
near and south of the warm front. These storms dropped large hail up to tennis ball
size and caused a few reports of wind damage, but the main impact was additional
heavy rainfall which began causing flash flooding south of Nashville. Flooding only
worsened as showers and storms redeveloped over the same areas through the
evening, with numerous Flash Flood Warnings issued and several reports of flooded
roads and water rescues.

After midnight, even more heavy rainfall falling along the already waterlogged 1-40
corridor prompted a rare Flash Flood Emergency for the southern and eastern
Nashville metro area, including southeastern Davidson County, western Wilson
County, and northern Williamson County. These areas received between 7" to 9" of
rain, causing rapid rises on several Nashville metro creeks and streams, including
Sevenmile Creek (which reached its highest level on record), Browns Creek, and Mill
Creek, among others. Many of these creeks reached within their 2nd or 3rd highest
water levels on record. The rapid water rises flooded hundreds of homes and
businesses, with reports of some people trapped in the attics or on the roofs of their
houses. Dozens of roadways were flooded and impassable, including both I-24 and I-
40, with many cars submerged in the flood waters and people forced to cling onto

16-19 November 2021 // Department of Commerce // National Oceanic and Atmospheric Administration // NSSL Science Review
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CAM Ensemble and WPC Forecasts

WPC forecast HREF output

HREF

24-hr QPF (in), ensemble localized (=110 km) probability-matched mean
'/ NOAANWS Storm Prediction Center =

Run: Sat 2021-03-27 12:00 UTC

valid: Sun 2021-03-28 12:00 UTC

Day 1 Excessive Rainfall Outlook o

Valid 16Z Sat Mar 27 2021 - - - - 7T

Thru 12Z Sun Mar 28 2021 Risk of rainfall exceedl,n? flash flood guidance P

Issued: 15547 Sat Mar 27 2021 within 25 miles ofapoint =~ =~ SR g

Forecaster: CHE! HIGH: > 50% SLGT: 10%-20% & ~5

DOC/NOAA/NWS/NCEP/WPC MDT: 20%-50% MRGL: 5%-10% J) - @‘ 0.01 0.1 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.5 3.0 4.0 5.0 7.0 10.0 15.0 20.0
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MRMS/FLASH in WPC Operations
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MRMS/FLASH in WPC Operations
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Flash Flood Guidance - Max 03/28/2021 01:30 UTC
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MRMS/FLASH in WPC Operations
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L 1 5 A

5.00
4.00
3.50
3.00
275
2.50
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ongoing flooding
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16 — it FLFARN e
210328/0151 GOES16 CH13 IR_10.3

14 — WPC MPD #0079

12 —

Mesoscale Precipitation Discussion 0079
1.0 NWS Weather Prediction Center College Park MD
959 PM EDT Sat Mar 27 2021

0.8
0.6 Areas affected...Tennessee...South-Central to Southeastern
: Kentucky
0.4
0.2 Concerning...Heavy rainfall...Flash flooding likely
0.1 Valid 280155Z - 280800Z
-0 — Summary...Significant to dangerous flash flooding is likely over

portions of western to middle Tennessee this evening, including
the Nashville metro, and could also extend into portions of
southeastern Kentucky. Heavy rainfall due to thunderstorms are
expected to produce additional localized 3-6" totals through 4 AM
CDT.

\ plachue BT ol GpeRgueenvin

Discussion...Large scale forcing for ascent provided by the
approach of a mid/upper level shortwave and the increasing low
level convergence an advancing cold front has pooled copious
amounts of moisture and instability over the region this evening.
Recent IR satellite imagery shows a blossom of deeper convection
continuing across much of western to middle Tennessee and regional
radar indicates that individual/discrete cells earlier have
morphed into several clusters/line segments due to multiple
boundary interactions. The recent MRMS QPE suggests upwards of
2"/hr totals are common in the strongest convection and FLASH
QPE/FFG ratios are already 200-300 percent across portions of
middle TN.
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NWS Weather Prediction Center College Park MD
959 PM EDT Sat Mar 27 2021

Areas affected...Tennessee...South-Central to Southeastern
Kentucky

Concernina...Heavv rainfall.. . Flash floodina Tikelv

RMS QPE suggests upwards of
2"/hr totals are common in the strongest convection and FLASH

QPE/FFG ratios are already 200-300 percent across portions of "
middle TN.

LGVEL LUIIVEI YSHUE @il auvanuiiy LULU 11UNL a3 PUULEU LUPLUud
amounts of moisture and instability over the region this evening.
Recent IR satellite imagery shows a blossom of deeper convection
continuing across much of western to middle Tennessee and regional
radar indicates that individual/discrete cells earlier have
morphed into several clusters/line segments due to multiple
boundary interactions. The recent MRMS QPE suggests upwards of
2"/hr totals are common in the strongest convection and FLASH
QPE/FFG ratios are already 200-300 percent across portions of
middle TN.
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Research-to-Operations...

...Is at the heart of what
NSSL has been since

+| we started...and will
continue to be moving
forward...
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