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NSSL’s Mission Statement

- The National Severe Storms Laboratory serves to
enhance NOAA's capabilities to provide accurate and
timely forecasts and warnings of hazardous weather

events.

NSSL accomplishes this mission through ...

- research to advance the understanding of weather
processes,

- research to improve forecasting and warning techniques,
- and development of operational applications.

+ NSSL transfers new scientific understat_wdin?
techniques, and applications to the Nationa Weather

Service (NWS).

We don’t make the forecasts & warnings, we make them better!
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Forecast R&D Division

 FRDD Activities
 Hazardous Weather Testbed (HWT)

« Experimental Forecast Program (EFP)
* Process studies of convective storms & environments

* Ground-based instrument development and observational
strategies

« Severe weather climatology and long-term forecasting

 Warn-On-Forecast program

* Obijective to increase tornado (and other severe weather) warning lead
times based on numerical weather prediction forecasts

« (Goal to predict the probabilities of a specific hazard occurring and
confidence in the location/path of the hazard with 30-60 minutes of lead time
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Radar R&D Disivion

| /A

ey
- Dual Advanced
NEXRAD i~ ati '
WSR-57 Doppler WSR.88D Polarization Phased Array Technology
Weather Radar Demonstrator

e RRDD Activities

« NOAA's primary weather radar laboratory with strong scientific and
engineering leadership in dual polarization and phased array radar
(PAR) for weather observations

* Primary Research to Operations (R20) entity for the Operational
NEXRAD Radar Network

« Leading NOAA’s R&D activities for a future operational radar network
based on phased array technology
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Warning R&D Division

« WRDD Activities

Hazardous Weather Testbed (HWT)

« Experimental Warning Program (EWP)

Multi-Radar Multi-Sensor (MRMS) algorithm development
« Severe weather applications

« Quantitative Precipitation Estimation (QPE)

* Flooded Locations and Simulated Hydrographs (FLASH)

« Multi-Year Reanalysis of Remotely Sensed Storms (MYRORSS)

 Forecasting a Continuum of Environmental Threats (FACETS)
« Probabilistic Hazard Information (PHI)
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Social & Behavioral Science Studies

 Improve the effectiveness of forecasts and warnings of
severe & hazardous weather

* Improve and evaluate forecaster decision tools
» Better forecast models and observations
« Probabilistic output

* |Improve communication of threats & impacts
« Expressions of uncertainty

« Messages understood by key partners (broadcasters and emergency
managers)

* Improve public understanding and reception of information
* Understandable
« Actionable for personal decision-making
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Recent NSSL Accomplishments

Warn-on-Forecast (WoF) Program

* Cloud-based Warn-on-Forecast System (CbWoFS) developed and used in real-time to support
PERILS field program

* Phased Array Radar (PAR) R&D Program

* Phase 2 of ATD panel repair project in process and expected to be completed by end of CY22.
* Markec})research for Rotating PAR Test Article acquisition nearly complete (sources sought
poste

* VORTEX-SE Program
* Successful conduct of joint NOAA & NSF sponsored PERILS field program

* FACETs Program
* Threats-In-Motion (TIM) making progress; Tiny TIM development on track and will be tested in the
NWS Operational Proving Ground later this year
* Multi-Radar Multi-Sensor (MRMS) Program
* Completed MRMS Hurricane Supplemental project for NWS
* MRMS V12.2 operational with Canadian radars; Demonstrated MRMS in the cloud;
Evaluation of WCOSS operational transition
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Phased Array Radar (PAR)
Research and Development
Overview
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What is a Phased Array?

Instead of a single high-power
transmitter, a phased array
uses multiple transmitters that
work collectively to steer the
radar beam. If the transmitters
all fire at the same time, the
wave front is directed
perpendicular to the array.
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What is a Phased Array?

The timing (or phase) of the transmitters are
synchronized to form a wave front in the
desired direction. (See animation)
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Rapid Update PAR Data ... P

PAR SPY-1A WSR-88D KTLX

Simtimee: | Z001 O34 T0.20:07 UTC) | Waimoen |

* Demonstration of rapid update PAR
SPY-1 data (1-min) vs WSR-88D
update (5-min) from 24 May 2011

/Navy SPY-1 system was installed in 2003 \
 Demonstrated the benefits of faster
updates to warning performance

NSSL’s Advanced Technology Demonstrator
(ATD) is the first dual polarization PAR and
was installed in 2018 and fully tested in 2021
e Evaluation of dual polarization

K performance and calibration on PAR /

8 el e e

https://wdssii.nssl.noaa.gov/web/wdss2/products/radar/rtimp/6XxNWRT 24May11.qif
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What we learned from the SPY-1 PAR

National Weather Radar Testbed (NWRT)
SPY-1A (2003-2016) phased array radar
system demonstrated ability to provide

rapid volume updates.

e With electronic scanning and adaptive scan
strategies we were able to collect volumetric
updates in 45-75 seconds within a 90-deg sector.

What we learned with rapid update volume data from the SPY-1A ...

* Improved scientific understanding of storm evolution process
 Demonstrated potential to increase tornado and severe weather warning lead times
* Demonstrated improved depiction of probabilistic threats via storm-scale numerical

weather prediction models (i.e. Warn On Forecast studies)
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Possible PAR Configurations

an Analysis of Alternatives by 2030. PAR is one of the
alternatives being considered.

Rotating Planar Array Multi-Face Planar Array
With Multiple Simultaneous Beams 4 Independent Radars
Less Costly to Procure * More Costly to Procure
More Technical Risk » Less Technical Risk
Less Costly to Operate * More Costly to Operate
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VORTEX-SE / VORTEX-USA

IBE NATIONAL WEATHER CENTER
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VORTEX & TWIEP Overview

* Verification of the Origins of Rotation in Tornadoes Experiment
(VORTEX) in 1994-95 and 2009-10

« Joint NSF and NOAA field program to observe tornadoes and tornadic
environments with up-close, high resolution mobile observation platforms

« VORTEX-SE established by Congressional mandate in 2015

* To study storms in the southeastern US

* Tornado Warning Improvement and Extension Program (TWIEP)

 Established in the Weather Research and Forecasting Innovation Act of 2017 to
reduce loss of life via improved tornado forecasts and warnings

« TWIEP Plan delivered to Congress in 2019

 VORTEX-USA established by Congressional language in 2021
« Extend VORTEX-SE activities to the rest of the US
» Result of funds requested for TWIEP
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VORTEX-Southeast

- In January 2015, Congress unexpectedly appropriated $5M
Qoney and directed NSSL to solve the Tornado problem in the
outheast

- From FY15 Omnibus Spending Bill:

“...establish why tornadic activity in the Southeast results in
more deaths per capita than any other region of the country.”
“...to better understand how environmental factors that are
characteristic of the southeastern United States affect the
formation, intensity, and storm path of tornadoes for this region”
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- Grants Program (over 50% of funds for competitive grants)
- Community Engagement
- Field Programs
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VORTEX-Southeast

Physical Science Research

Terrain and Roughness VO RT EX

Influences
Internal Storm Processes
Storm Environment Influences

Climatology Social, Behavioral, and

Tornado Damage Assessment Economic Sciences

Landfalling Hurricane (SBES) Field Campaigns
Tornadoes

Forecaster Decision-Making
Risk Communication to Public
Risk Assessment, Decision-
Making, and Actions Taken by
Public

Assessing Tornado Impacts and
Vulnerabilities

Broad Meteorological Community
Collaboration

Procurement and Testing of New
Instruments and Observation
Strategies

Impacts of New Observations on
Analysis and Prediction
Leverage other Funding Sources
(e.g., NSF, NOAA)

Prediction Models
—
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PERILS

 Propagation, Evolution, and
Rotation in Linear Storms

« 1 March - 30 April 2022 and
8 February — 8 May 2023

« Joint NOAAghrou h _
VORTEX-USA) and NSF field
campaign

 Operations across a large
swath of the Southeast,
including much of the mid-
lower Mississippi Valleg,
Tennessee Valley, and Black
Belt regions
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PERILS

Propagation, Evolution, and
Rotation in Linear Storms

1 March — 30 April 2022 and
8 February — 8 May 2023

Joint NOAA Khrou h
VORTEX-USA) an
campaign

Operations across a large
swath of the Southeast,
including much of the mid-
lower Mississippi Valleg
Tennessee Valley, and Black
Belt regions

SF field

Tornadoes in PERILS Dual-Doppler Coverage

EF1
.

s [OP 1 »-(22 March; 6 Tornédoes)
. = |OP 2 (30 March; 2 Tornadoes)

o . =mmmm |OP 3 (5 April; 6 Tornadoes
] EFO (5 Ap )

s [OP 4 (13 April: 3 Tornadoes)

i

Courtesy Tony Lyza, NSSL/CIWRO
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social sciences.

Tornado prediction beyond 1-hour, through improved
observations, high-resolution prediction models, and an
optimized approach to communicate risk informed by
Established by P.L. 115-25 (Weather Act)

1) Improve Observations

e Development of new
observational
capabilities, including
rapid-deployment
instruments and lowest
1-km measurements

* integration of the new
GOES satellite series

e demonstration of phased
array radar.

2) Improve Tornado
Forecasting Guidance

(Models)

* Development of high
resolution, convection-
allowing (thunderstorm
scale) computer
prediction models,
including the High

Resolution Rapid Refresh| .

(HRRR) and Warn-on-
Forecast (WoF)
ensemble systems.

4 Major Components of TWIEP

3) Use Social, Behavioral
and Economic Sciences
(SBES) to improve

Tornado-Forecast Efficacy
* Optimize the ability of
forecasters to fully utilize the
numerical guidance they
receive for issuing tornado
warnings
Improve delivery and info
content of tornado warnings
to empower all members of
society to make optimal
protective-action decisions

4) Development of the
Next-Generation
Warning System

(FACETs)

 Modernize NOAA’s
approach to risk
communication,
informed by social
sciences, and delivered
to decision makers, the
public, and weather
enterprise stakeholders
before, during, and after
tornado events.

NSSL Overview -- Department of Commerce // National Oceanic & Atmospheric Administration //Oceanic & Atmospheric Research
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TWIEP Plan — Goals

* Short Term (5 years)

« Conduct research aimed at developing streamlined national observational database suitable
for advanced data assimilation and reducing model error.

« Further develop, test, and implement a Warn-on-Forecast prototype system.

* Implement next generation NWS warning paradigm with extended lead times that empower
effective decision-making.

* Implement a prototype Convection Allowing Model ensemble system.

» Define and implement optimal predictive information content and lead time for decision
makers.

» Establish physical and societal performance metrics to accurately assess effectiveness of
current and future forecasts.

 Long Term (10 years)

» Develop and test optimal approaches for enhancing observations (including beyond radar) to
substantively improve short-range forecast of thunderstorm initiation and evolution.

» Define, develop and implement more effective dissemination strategies.
 Triple the current skill and effectiveness of tornado forecasts and warnings.
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The Warn on Forecast Goal

JI—

;‘q.; a W

A o

O AR T o

Revolutionize the predictive tools
available to warning operations to
bring about increased lead time for
severe weather warnings
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WoF asks:

WoF answers:

Why Warn on Forecast?

Forecasters rely on radar and spotters
to make severe storm warnings

Weather models help predict
thunderstorm areas

Can we now model individual storm threats quickly enough to
double or triple the warning lead time?

WOFS is a rapidly updating, storm-scale ensemble predicting
individual thunderstorms
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The Watch to Warning Gap
WATCH eeesssssssssssssessssss) \\/ARNING

|
-0.7
- 0.5
2030 Z Run - 0.4
-0.3
i & " T Probability of low-level rotation

_Runn_lng at 0-6 hO‘Ur.S, WoFS ﬁ”S a_ critical gap from three different WoFS runs; these show 0.2

iIn which newly arriving, probabilistic numerical the accumulated swath of probability of

i 0-2km updraft helicity > 20 m? s, all ending

model gu idance has been absent at the same time but of differing duration. e
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May 4, 2022 in Oklahoma

Rotation intensity

Probability of 5
inches of rain

Hurricane lan

Combined Wind, Tornado,
and Rainfall Threat Graphic

WoFS Strengths

First of its kind, rapid update, storm-scale ensemble
Exceptional forecasts of severe winds, flash floods
A “watch-to-warning” tool for FACETs

Forecasters involved in WoFS development
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Real-Time Guidance Dissemination

WoFS Web Viewer: https://wof.nssl.noaa.gov/realtime
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—
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Other Links

2017-2021

35082 * NWS Forecaster Feedback

DZ Paint If you are an NWS forecaster using this guidance in operations, please
click on this link to provide some brief feedback.

'WOoFS Viewer Video Overview
Video overview of the WoF5 web viewer and guidance products.
What's new for WoFS in 2021

Overview of what's changed with our models and display capabilities
this year.
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e Co-location of NSSL/OU
CIWRO with the Norman
Forecast Office and Gchat
room for other WFOs

e Warn-on-Forecast guidance
is available during the real-
time run season

e Impromptu science support
during weather events

G R R T A e

e Learning together about the
real-time applications of
Warn-on-Forecast guidance

i Warn-on-Forecast in Operations

...SIGNIFICANT WEATHER ADVISORY FOR northwestern Harmonm...
southwestern Roger Mills...western Beckham and northwestern Greer
Counties Until 545 PM CDT...

Storms capable of producing tornadoes were located in the Texas
panhandle. One storm was located southwest of Wheeler and the other
located northwest of Wellington at 515 pm. The storms were moving
northeast at 35 MPH. These storms will move into western Oklahoma

before 6 PM. Jsevere weather 1s Iikely with these storms as they move
into Oklahoma and there is a high probability that tornado warnings
will be issued.

PRECAUTIONARY/PREPAREDMESS ACTIONS...

Moniter the situation closely. Be ready to act quickly if a warning
is issued or if storms threaten you.

Images courtesy of WFO Norman
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Characterize changes in
WOoFS accuracy before

o R L AR AN

%0 dggerved%object /38%
(Min)

and after convection
- -y -
Probability of detection for WoFS thunderstorm forecasts with
<30 min lead time matched to MRMS observations in 2018:
D
POD ~ 0.9 for
thunderstorms older
o) .
than ~90 minutes
D
/
POD < 0.5 for newly
initiated thunderstorms
<+
200
Object Age (min)
250 300

Probability of Detection

Object-based Verification of WoFS Guidance

0.8
(a ) Increased mesocyclone POD in
0.7 - WoFS forecasts run with 1 km
horizontal grid spacing
0.6 -
0.5 -
0.4 -
0.3 - \/
Nog RT = 45066 Npg HIRES = 46876
0.2 -

Create probabilistic forecast
objects to input into machine
learning models

ot B E—

Machine learning model

I I 1 I I !

60 80 100 120 140 160

verification time (minutes)

Miller et al. 2021

Quantify improvements in WoFS
mesocyclone prediction with
Increased horizontal resolution

guidance of tornado likelihood

Two different ensemble
storm tracks

[ T (a)

Flora et al. 2021
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What’s Next?

e Transition our cloud-based WoFS
to operations

e Expand engagement to other users
(aviation, emergency management,
media)

e Long term development of higher
resolution WoFS, getting closer to
the scale of individual tornadoes
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Forecasting a Continuum of
Environmental Threats

(FACETs)

VERIFICATION

%
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What is FACETs?

Framework to modernize the forecast & warning system to provide more actionable
information when it’s available for:

 Better individual decision making
 More consistent communication & impact-based decision support services
* Meaningful quantification of hazard probabilities

* To produce a continuous stream of high-resolution probabilistic hazard
information extending from days to within minutes of an event — for all
environmental hazards

¥ $ & ﬁ.gm}% B R ok [E

WARNING

DAY 4-8 DAY
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Facet 1: Probabilities

- Grid-based probabilities
- Already exist in some of the NWS product suites

- Serve as the foundation for impact-based decision support
services

Potential Storm Surge Flooding Map (Inundation)

NHC Potential Storm Surge Flooding Map
‘Tropical Storm IDA (2021) Advisory 05
From 11 AM EDT Friday August 27 to 02 PM EDT Tuesday August 31

| Note: The cone contains the probable path of the storm center but does not show &
the size of the storm. Hazardous conditions can occur outside of the cone.
Y ] bl

Potential Storm Surge Flooding*

[0 intertidal Zone/Estuarine Wetiand
I Greater than 1 foot above ground

Map Layer Options:

It Layer [
oy inerson

Map Opacity Siider

Hurricane Ida

Friday August 27, 2021

Current information: ®
Center location 22.1 N 83.2 W

Forecast positions:
@ Tropical Cyclone Q Post/Potential TC

=
&
-

100w

95w 0w

Most Likely Arrival Time of Tropical-Storm-Force Winds

asw sow

B

Greater than 3 feet ab d
[ | createrthan 3 eet above groun Download 615 9ats | nundation Layer Only | Inundation wih ntridalLayer 5 PM EDT Advisory 6 Maximum sustained wind 80 mph ~ Sustained winds: D < 39 mph
[E] rester than 6 feet above ground NWS National Hurricane Center Movement NW at 15 mph $39-73 mph H 74-110 mph M > 110 mph -
I Greater than 9 feet above ground - Hurricane Ida Storm Location O < 34 kt (39 mph) NOTE: Areas within the outermost black contour
D et aren, e tor food ik Potential track area: Watches: Warnings: Fri. Aug. 27,2021 5 pm EDT & 34-63 ki (38-73 mph) have at least a 5% chance of receiving
& Day 1-3 Day 4-5 Hurricane Trop Storm I Hurricane I Trop Storm Advisory 6 Wind Speed 264 kt (74 mph) winds of 34+ kt (39+ mph)
“Displayed flooding values ot 1in10(

w 2 November 2022
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Facet 2: Observations & Guidance

-  What forecasters use to make decisions

) r ul
Mean Wind 700-800 mb | Lapse Rate 700-500 mb | Min Avg RH 700-450 mb
MESH | Max LLAzShear | 98% LLAzShear | 98% MLAzShear | Avg Beam Hgt
VIL Density | Growth | Glaciation | Flash Rate | Flash Density
ProbSevere | ProbHail | ProbWind | ProbTor

Speed | Direction | Duration | Best Track IDs

AzShear Maximum | DivShear Minimum

Spectrum Width Maximum l Absolute Maximum of Velocity
Speed | Direction | Probability

l MUCAPE | MLCAPE | MLCIN | 0-1 km SRH | EB Shear | Wetbulb 0C Hgt

TOR Probability Trend (%)

SR AL E AR B S

minutes

Probability of severe hail from the

Warn-on-Forecast System. Probability of tornado from random forest algorithm.
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Facet 3: Forecasters

- The people (meteorologist, hydrologist) making the
forecast & warning decisions

- As essential as ever to the entire forecast & warning process
- Knowledge, skills, abilities

- New tools/products = new training

O AR T o
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Facet 4: Tools

-  What forecasters use to create forecast and warning
information

Nimble web tool for rapid prototyping — Software the forecasters use

NSSL yP Hazard (PHI) Tool i . Opacdity: —— 85% 0% 5 ite: [KTLX CAVEOAX-D2D (on exp-cient) SPage
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Facet 5: Usable Output

-  What the end users see & hear
.- Graphical, textual, auditory, etc.

Social/behavioral sciences are key
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Facet 6: Empowered Response

- What the end users do with the usable output
- The physical/social interface
- The most important facet

- Where social & behavioral science research pays off
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Facet 7: Verification

Evaluating system effectiveness

Ver|fy|ng forecasts & warnings Verifying public response & understanding
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Threats-in-Motion (TIM)

« Severe thunderstorm and

tornado warnings that move S

with the storm

* Initial step to shift the
current NWS convective

watch and warning paradigm

toward a more continuous
flow of information

. I"ll‘ | ‘
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Future FACETs Work

Cross-division effort to ensure FACETs-related research

and products tell a cohesive story across time and space
scales
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Multi-Radar Multi-Sensor (MRMS)
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=l Multi-Radar Multi-Sensor
3 (MRMS) is an advanced remote

sensing processing system that:

Continental US and
¢, Southern Canada

> |Integrates radar, surface
observations, satellite, lightning,
and numerical weather prediction
data into common reference grid

> Automatically generates complete
seamless national 3D radar Hawaii AR
mosaic, storm attributes and
multi-sensor quantitative
precipitation estimates at high

temporal and spatial resolution ~180 radars continuously streaming data
~20,000 rain gauges hourly

Running operationally at NOAA/NCEP since 2014

Operational Product Viewer:
https://mrms.nssl.noaa.gov/qvs/product viewer/

45
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2

Canadian Radar Data QC: Single-Pol

Obijective: to remove non-hydrometeor echoes.

Methodology: persistent clutter filter; anonymous
propagation clutter mitigation via 3D reflectivity
structure, texture and environmental data.
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Z texture check
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Speckle filter & Hole-filling

y
QC’ed
reflectivity

Statistical
clutter maps

Tang et al. 2014: A physically based precipitation—nonprecipitation radar echo
classifier using polarimetric and environmental data in a real-time national
system. Wea. Forecasting, 29, 1106-1119.
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" Canadian Radar Data QC: Dual-Pol

Methodology: a decision tree based on polarimetric radar variables and 0°C

height. A 2"d trip echo removal process is added for Canadian radars. Z, pyw Zow $op, Vs
SPW, Model 0C height
| All fields
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