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Allows for longer lead-times, though with higher 
uncertainty.

Provides time of arrival and departure as well 
spatial coverage of threat.

Probabilistic Hazard Information
W h a t  i s  P H I ?

Can reflect changes in storm motion, intensity, 
and evolution immediately.

More Specific Regarding Time and Location

Provides defined uncertainty of the threats 
(temporal, spatial, intensity)

Updates continuously as weather changes



Provide direct feedback on the strengths and limitations of concepts.

Offer insights to better meet needs of operations. 

Developers, Subject-Matter Experts, and Forecasters 
Together

Forecasters were provided various AI-Machine Learning guidance 
for probability of tornado, severe (hail/wind), and lightning. 

Web tools and AWIPS were used for storm interrogation and PHI / 
warning creation across a variety of storm modes and locations.  

Test and review automated guidance for PHI Creation

Hazardous Weather 
Testbed Experiments

P H I



Virtual Experimental Warning Program: Google Meet(s) + AWIPS and the PHI tool in the 
cloud… forecasters at home or remote desktop in the office.
Monday: Training and hands-on concepts and best practices

Tues-Thurs: Morning - archive case;  Afternoon - live wx (or if that was a bust - another case)

Friday: Discussion



Environ/radar controlsList of all hazardsHazard Strike Probabilities

Object characteristics Hazard-storm object 
(automated or user created)

Hazard Strike Probabilities



2021 PHI Experiment

H a z a r d o u s  W e a t h e r  T e s t b e d

Hazard-based machine learning provides the 
initial guidance to calibrate PHI for forecasters.

Provides a first guess that the forecaster then 
manipulates within the PHI tool (web-based) or 
Hazard Services (AWIPS). 

Lightning - ProbLightning (Random Forest)
Severe (wind/hail) - ProbSevere (Naive Bayesian 
-Version 2)
Tornado - New PHI Tornado Algorithm (PHI-Tor, 
random forest)



Machine learning/AI 
algorithms provide the first 
guess of probability for the 
forecasters.

• Speeds up object creation
• Calibrates PHI across 

forecasters

Severe: ProbSevere
Lightning: ProbLightning
Tornado: PHItor

ProbSevere (NOAA/CIMSS): Currently Naïve Bayesian (v2) and moving to gradient boosted tree (v3) – more reliable probs 
for wind and marginal events.

Forecasters typically add buffer for areal coverage, change storm motion, and modify probability depending on local 
storm reports, storm mode, and environment. 



Machine learning/AI 
algorithms provide the first 
guess of probability for the 
forecasters.

• Speeds up object creation
• Calibrates PHI across 

forecasters

Severe: ProbSevere
Lightning: ProbLightning
Tornado: PHItor

Storm-based Random Forest with data from lightning detection networks, MRMS, environment.

Tuned for CONUS or individual NWS regions and 15 min intervals out to one hour.

Emergency Managers loved the new information:

“The objects themselves make me feel more confidence.  Usually just getting the actual lightning strikes.  
Everything used to be reactionary, this is more proactive.”



Random forest using data extracted from a 2.5-km radius centered on nearest AzShear max.

● velocity, spectrum width, polarimetric values
● 0.5°-tilt single-radar
● Rotation max, min, and percentiles
● Range from radar

Machine learning/AI 
algorithms provide the first 
guess of probability for the 
forecasters.

• Speeds up object creation
• Calibrates PHI across 

forecasters

Severe: ProbSevere
Lightning: ProbLightning
Tornado: PHItor



Storm motion  
Motion uncertainty



Forecaster Workload 
and Task Management

We tested how forecaster 
workload changed when working 
multiple hazards over a small area 
(1-2 storms) vs working a single 
hazard over a larger domain (e.g., 
county-warning area). 

The choice was sometimes pre-
determined (archive cases) and 
sometimes made via discussion 
depending on the expected storm 
mode and coverage (live events).

Single (All) hazards

Multiple Hazards (Tor, Svr, & Ltg)
(small area, 1-2 storms)

Single Hazard (Tor, Svr, or Ltg)
(large area, as many storms as necessary)



Between forecaster pairs in same office area.
When handing off PHI objects/warnings.
Externally through NWS chat and Twitter. 

Test Communication (internally & externally)

Forecasters may first see PHI as “guidance” for warnings (either 
automated or forecaster created).

Test warning creation using PHI

Blending Threats-In-Motion (TIM) concepts with PHI. 
Forecasters could choose conventional (static) warnings or partial 
TIM or full TIM.

Test PHI creation with warning generation together

2022 PHI Experiment Goals

H a z a r d o u s  W e a t h e r  T e s t b e d



Warnings 
and PHI

W a r n i n g s  a r e  
n e c e s s a r y  d e c i s i o n  
p o i n t s  f o r  a  v a r i e t y  

o f  e n d  u s e r s .  

P H I  c o u l d  p r o v i d e  
a d d i t i o n a l  l e a d  

t i m e  a n d  
c o n t i n u i t y .



Warnings
PHI 

What are we communicating with 

warnings alone?

What additional information does 

PHI provide for decision-makers?

For the public?



Forecasters commented multiple weeks it was a 
visual option for the “tornado possible” tag on a 
severe warning.

Balancing both specific end-user questions and 
creating public-facing graphics more demanding 
than warning decisions and/or PHI creation. 

Communication
T e s t i n g

Majority of forecasters were initially hesitant to 
create public graphics with PHI shown.

Forecasters always noted they had the 
highest workload when doing 
communication

Loved the ability to share Tornado PHI

Forecasters deeply want more social 
science research to confirm people 
can understand PHI 





Additional experiments with Emergency Managers and 
Broadcast Meteorologists. 

Surveys and Focus Groups with Public.

Test end-user (and public) decisions with PHI

Forecasters want “forecast” probabilities not just current 
observational probabilities to begin to address watch-to-warning 
gap.  Need to combine AI/ML with high-resolution convective-
allowing models.

Additional guidance at longer lead times

Initially include WOF into the PHI tool 
while also developing blended 
guidance.

Blend Warn-on-Forecast

Forecaster-driven development
M o v i n g  F o r w a r d


