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Challenges in Forecasting Disruptive
Weather

“... Given the increased frequency of severe weather and
the impacts it can and does have on the Commonwealth’s
electric distribution network ...”

* Severe Thunderstorms (wind)
Heavy snow / ice
 Heat
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TUS recommends that EDCs. as they continue to improve upon their capital improvement plans,
LTIIPs. and required emergency response and business continuity plans.!’” evaluate the impact of
increasingly severe weather on their systems and look to increase resiliency in those plans. In

« \What does “severe” mean
In this context?

Y PENNSYI
' ELECTRIC

REPORT - Are such (weather) events
actually becoming more
frequent?

TECHNICAL UTILITY SERVICES
PAULT. DISKIN, DIRECTOR

AUGUST 2025




Meteorological Definitions

* To a meteorologist: “Severe” refers to thunderstorms that
produce big (17°+) hail, strong winds (50 kt+), and/or tornado

« Severe Thunderstorm Watch means conditions are
favorable for severe thunderstorms to occur

» Severe Thunderstorm Warning means a severe
thunderstorm is occurring or is imminent



=3,  NWS Local Storm Reports for State of Pennsylvania

m«’ Local Storm Reports (LSRs): TSTM and NON-TSTM Wind Damage

2004 - 45 31 18 24 118 200
2005 - 6 71 141 89 26 85 418
2006 - 3 12 5 10 8 106 | 135 46 8 26 9 77 445
2007 - 3 32 49 141 12 8 8 567
2008- 17 3 9 5 24 202 93 12 38 2 3 408 400
2009 - 61 7 1 25 53 40 109 15 19 330
2010- 1 12 55 50 106 | 138 32 56 16 18 1 485
2011 - 15 10 123 | 158 71 115 94 24 16 1 627
2012 - 13 18 2 4 11 | 112 - 82 111 | 102 818 200
2013 - 30 1 2 96 90 215 | 166 36 89 14 95 7 841

L 2014 - 5 20 48 167 38 30 11 6 556

# 2015- 1 3 35 24 21 5 12 682
2016 - 10 27 10 40 25 1 1 563
2017 - 22 70 27 24 41 62 9 1000  ~200
2018- 4 2 70 32 49 21 3 788
2019- 15 95 5 54 111 38 1497
2020- 90 47 30 357 311 334 7 -T 1740
2021 - 89 | 327 502 | 346 QY 71 3 19 1637 _1p0
2022 - 20 | 168 8 119 | 152 | 198 6 2 15 38 780
2023- 4 21 98 143 125 BEEEEEEN 113 14 3 1144
2024 - 101 25 9 420 [REY 49 65 51 18 1390
2025- 1 37 166 1059

! ! ! ! ! ! | Total
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https://mesonet.agron.iastate.edu/plotting/auto/
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Severe Thunderstorm Watches Including
at Least a Part of Pennsylvania
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* These are issued by the Storm Prediction Center in Norman, OK,
staffed by some of the best severe weather forecasters in the world

https://mesonet.agron.iastate.edu/plotting/auto/
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Number of tornadoes in PA as proxy for severe weather frequency
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Number of tornadoes in PA as proxy for severe weather frequency

50
45
40
35
30
25
20
15
10

5

0

1950
1953
1956
1959
1962
1965
1968

Weak and strong tornadoes

Prior to Doppler radar
(~1990), many of the weaker
tornadoes went unreported

nb)

iy

e

‘ /4 o N

1971 p
1974

1977
1980
1983
1986
1989
1992
1995

—FQ-F] o >=F2

1998
2001

2004
2007
2010

2013

2016

2019

2022
2025

Stronger
tornadoes
have always
been well
documented,
and there’s
really no trend
In them

Increase is due
to better
reporting



Severe Weather Event Trends

* No compelling meteorological evidence of a consistent
upward trend in the number of severe-thunderstorm-
related weather events, at least not in last 30 years or so

» Observing networks (both technology and people) are
getting better, so the number of reports of severe

weather is increasing



Geographical Distribution
of Severe Weather



Distribution of thunderstorms is not uniform across Pennsylvania

Lightning Density (2016-2023)
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Number of Tornadoes

1950-2023 Last Updated 02/29/2024
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Pennsylvania Tornado Density
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National Weather Service Severe
Weather Forecast Outlooks



National Weather Service Provides Seven-Day
Probabilistic Severe Thunderstorm Outlooks

SPC Severe Weather Outlooks At A Glance
Last Updated: 02 September 2025 @ 07:38 AM CDT

Wednesday (9/3)

Tuesday (9/2)

7

1: MARGINAL

Thursday (9/4)

2: SLIGHT
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Saturday (9/6)
| | |
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I L \
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www.spc.noaa.gov/products/outlook

https://www.spc.noaa.qgov/public/swodyoverview.html
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National Weather Service has Many Advanced

Warning Products for Hazardous Weather

U.S. Day 3-7 Hazards Outlook

NOTE: These products are only created Monday through Friday.
Please exercise caution using this outlook during the weekend.

Precipitation
Temperature
Wildfires
Soils

Flooding

Valid September 04, 2025 - September 08, 2025

=

Phoenix
Los'Angeles

Created September 01, 2025

Legend
|:| Flooding Likely |:| Hazardous Heat
|:| Flooding Oecurring or Imminent |:| Hazardous Cold
|:| Flooding Possible |:| Frost/Freeze
[[] Freezing Rain [] igh winds
|:| Heavy Precipitation |:| Significant Waves
] Heavy Rain [ Critical Widfire Risk
[] Heavy Snaw [] severe Wesather
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Map data @ OpenStreetMap contributors, CC-BY-SA =l

https://www.wpc.ncep.noaa.gov/threats/threats.php

U.S. Week-2 Hazards Outlook

N . . Rapid Onset
‘Type and Period ‘ Temperature ‘ Precipitation ‘ Snow ‘ Wind ‘ Drought
Composite Days 8-14 Map No Hazards No Hazards No Hazards No Hazards | No Hazards
Probabilistic Days §-14 Map No Hazards No Hazards
+
Ottawa
Toronto
New York
Washington
Los Angeles
¥ The Baham
o La Habana®
Cak - -
:j: "“;:‘\: \ Map data © OpenStreethap I:om:nbutmsr CC—BY—SA =]
Extreme Heat Much Above Normal Temperatures Heavy Precipitation = Composite
B High Risk I High Risk [ High Risk Flooding Possible
- Moderate Risk - Moderate Risk Cl Moderate Risk Rapid Onset Drought
I slight Risk [ slight Risk Slight Risk
Much Below Normal Temperatures  High Winds Heavy Snow
B High Risk I Moderate Risk I High Risk
Moderate Risk I:] Slight Risk I:' Moderate Risk
[ slight Risk [ slight Risk

https://www.cpc.ncep.noaa.gov/products/predictions/threats/threats.php
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National Weather
ervice Provides
Seven-Day
Probabilistic
Winter Storm
everity Outlooks

This display shows the WSSIP for a period of 24 hours. Each time-step forward is 6 hours starting at 24 hours and

. . extending to 768 hours. As you move forward in time using the slider bar you can see how the WSSI-P iz changing

The Winter Storm Severity Index o nours out to the end of the end of day 7 (168 hours). Select the tab with the element name of inferest and then
[ salect the impact level radio button you are interested in.

WS S I The Probabilistic Winter Storm Severity Index

Snow Amount Snow Rate Snow Load Ice Accumulation Blowing Snow

Select WSSI-P Impact Level: Minor @ Moderate () Major (_) Exireme Keyboard HotKeys for slider: > next < previous

Drag the slider or click the arrow buttons to display the probability forecast of moderate impacts from Overall Winter Storm Impacts

-

Forecast Inifialized: 12Z Tue 02 Sep, 2025 | ForecasiHR: 24 | 24 HR Forecast Valid at 3 AM EDT Wednesday, September 3, 2025 [12Z 9/3/2025]

Print Map
WSSI-P Last Updated: 09:15Z Tue, 02 Sep 2025

— Click image to enlarge
+ Potential Winter Storm Impacts
_ Minor Impacts

Expect a few inconvenences to daily life.
+ Winlar drning conditions. Use cauticn while driving,

Moderate Impacts
Expect disruptions to daily life.
* Hazardous driving condiions. Use extra caution while
driving.
+ Cloaures and diruplions o infrasinuciure may occur

Major Impacts
Expect considerable disruptions to daily life.
* Dangeecus of impessible diving conditions, Avold travel if
Mew York poasible.
* Widespread clasures. and dsrupions 1o infrastnechurs may
oogur.

Extreme Impacts
Expect substantisl disruptions 1o daily lite,
+ Extremaly dangercus of impassibés driving conditians.
Travel is not advised.
- + Extandive and widedpiesd clodises and diaruptions 1o
1 infrstnschure may ooour.
+ Life-sanving actions may be needed

W5 5I-P Resources:
WSSI-P User Guide

Product Description Document
Infographic

Download Latest WS 5I-P in GI5 Format:
Download Data in SHP

MAP DATA @ OPENSTREETMAP CONTRIBUTOR... L=+~ Download Data in KML
'CI'IEI'IQE image EIJEC“)‘: 70% WSSl Product Suite:
The Winter Stonm Severity Index (WSSI)
N - Map Overlays
lee"ho‘Jd Of ImpaCt MNWS County Warning Area Boundaries River Forecast Center Boundaries
FEMA Boundaries Counties Boundaries
<5% 5% 10% 20% 30% 40% 50% B0% TO0% 80% 90% =95%

State Boundaries MHWS Public Forecast Zones
Urban Areas ARTCCIFIR

https://www.wpc.ncep.noaa.qgov/wwd/wssi/prob wssi.php
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Trends In Forecast Accuracy



Weather forecast accuracy has
improved steadily, albeit slowly

» Better observations (better data - better forecasts)
* |Improved understanding of atmosphere

* |mprovements in computer models

« Faster computers

Forecasts are correct a lot more than perceived ...
the most difficult forecasts tend to be the ones
involving active weather (which people notice)



Weather forecast accuracy has
improved steadily, albeit slowly

Annual WPC Mean Absolute Errors
Maximum Temperatures
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Weather forecast accuracy has
improved steadily, albeit slowly

NHC Official Annual Average Track Errors
Atlantic Basin Tropical Storms and Hurricanes
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Weather forecast accuracy has
improved steadily, albeit slowly

Anomaly Correlation Coefficient - GOO4/Northern Hemisphere 20N-80N
500 hPa Geopotential Height (gpm)
valid 1984-2024 valid 00Z, Forecast Day 5 (Hour 120)
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Challenges remain with forecasts of highly
disruptive weather

Tornadoes

» Tornado warning false alarm rate: ~70%
» Tornadoes without warning **: ~35%

* Average warning lead time: ~13 minutes

** Nearly all unwarned tornadoes are weak and short-lived May 6, 2025, Bangor (Northampton CT)

credit: Caroline Kline



Challenges remain with forecasts of highly
disruptive weather
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() () 0

1
50% overlap

(@ 0.33

Threat Score

0.50

0.40

0.30

0.20

0.10

0.00

WPC QPF Threat Scores: 2.00"
Mar 2024 - Mar 2025

I

L A
A /N

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Month

-=-Day 1 Day2 = Day3

https://www.nhc.noaa.gov/verification/



https://www.nhc.noaa.gov/verification/

The Kingpin of
Electrical Distribution Disruptors



The most significant thunderstorm-related disrupters are large clusters
called mesoscale convective systems (MCS) that last several hours.

Squall lines (shown below) are the most common type of MCS.
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Some squall lines develop “bows”: Bow echoes
The bowing segments indicate strong outflowing winds

0313 UTC 12 June 2001

m-ﬂ-ﬁl* O ﬁ 1:’?'

250 UTC 24 October 2001

b ] % & =




Derecho

Generic term for a
thunderstorm-
generated
windstorm that
produces
widespread
damage
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June 29, 2012 Derecho
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April 29, 2025 ...
almost a derecho

SPC Storm Reports for 04/29/25

bap updated at 20402 on 05/06/25
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Modern Forecasting Tools



Computer models solve (on supercomputers) the equations that govern how
important weather variables (such as pressure, wind, humidity) evolve.
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They provide guidance, not gospel, but they are essential in modern forecasting.


https://mapwall.met.psu.edu/ewall/#models
https://mapwall.met.psu.edu/ewall/

« Some modern weather computer models are “convection-
allowing”, meaning they are capable of simulating (approximately)
squall lines and even, in some cases, individual thunderstorms

HRRR 1km AGL Reflectivity (dBZ) and MSLP (mb; 0.5-degree smoothed) NAM-3km Near-Surface Reflectivity (dBZ) and MSLP (mb; 0.5-degree smoothed)
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HREF Run: Wed 2025-08-20 12:00 UTC
Composite reflectivity >40 dBZ, ensemble paintball Valid: Fri 2025-08-22 04:00 UTC

Ia NOAA/NWS/Storm Prediction Center

—_ ' —— "\_\
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SPC 7:00 DY2 Categorical (valid 21/12z-22/12z) Y & vt O K A _‘a

HRRR -6h NAM Nest -12h
I HRRR B HRW NSSL B HRW ARW I NAM Nest

https://cams.nssl.noaa.gov/?model=mpasht nssl&product=cref uh075&sector=spc conus&postage stamp=false

Such models are
even run multiple
times with slightly
different starting
values

This creates an
ensemble of
solutions

Gives a sense for the
variety of possible
forecasts and their
associated probability.


https://cams.nssl.noaa.gov/?model=mpasht_nssl&product=cref_uh075&sector=spc_conus&postage_stamp=false

SSCRAM+HRRR Severe Weather Guidance
Four-hour probability of severe storms, based on RAPHRRR forecast and SSCRAM Technique
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Read more about the Statistical Severe
3 », Convective Risk Assessment Model .
- (SSCRAM), and the production of these —
Wﬁ_ % ] guidance products. .

https://www.spc.noaa.qov/exper/hrrr/sscram/

NWS working on
experimental
hybrid techniques
involving statistics
and modeling to
provide very
short-term (next
few hours)
forecasts of
severe hail and
winds.


https://www.spc.noaa.gov/exper/hrrr/sscram/
https://www.spc.noaa.gov/exper/hrrr/sscram/

Al and Weather Forecasting
Al (Artificial Intelligence) models are “trained” on datasets derived from past
events — because they are statistical in nature, they don’t need supercomputers.

If a dataset does not contain examples of an event, then an Al model cannot
predict that event.

Weather Al models have been able to, in many cases, match (or even slightly
exceed) the accuracy of “regular’ models.

Real test comes when the weather is extreme or disruptive (rare events), and |

have yet to see any evidence that an Al model routinely outperforms a “regular”
model in such situations.

Al models will not replace “regular” model, they will become another tool.



Final Thoughts

* No evidence of a consistent trend in severe weather frequency (that
would disrupt electrical distribution) in recent years/decades in
Pennsylvania ... lots of year-to-year variability

» Forecast accuracy improvements have been steady but generally
slow ... plethora of forecast products available on time scales of
hours to 7+ days.

 Modern computer models are capable of simulating thunderstorm-
scale phenomena, and will only get better with time.



Challenges in Forecasting Disruptive
Weather

Jon Nese
Penn State Meteorology and Atmospheric Science

Pennsylvania PUC Annual Safety Seminar
State College, PA
September 3, 2025
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Average Annual Number of Tornadoes
1995 - 2024
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Annual Average Severe Thunderstorm Watches per Year
20 Year Average (2005 - 2024)
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Pennsylvania Tornadoes

by Ratl ng Last updated 02/29/2024

stormsellweather.com
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Pennsylvania Avera,
June-August

Figure 1: PA Generation Mix (million megawatt hours)
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My name is Brent Killian | am a supervisor within the PA PUC’s in the electrical safety division. We oversee and regulate the electric
distribution companies in the Commonwealth. We are responsible for investigating accidents, fatalities, property damage, customer safety
complaints as well as routine daily inspections of electric distribution facilities

Given the increased frequency of severe weather and the impacts it can and does have on the Commonwealths electric distribution
network could you direct me to one or more of your colleagues that may speak on forecasting and prediction. Have there been any new
models or ways of thought to help better predict our weather here in PA as apposed to the traditional methods? | may not be articulating
this well enough | would be happy to have a short phone call to clear up any confusion. | am able to adjust

The audience would be PA PUC staff, Electric Distribution Companies ( PECO, First Energy, PPL Duquesne Light, UGI Electric) and other
interested parties.

Climatology of severe storms in PA
Climo of derechos - they are the big ones - Paul's stuff
Climatology of lightning

Bring lots of graphics, climo maps

Speak to modeling - 3 km vs 1 km experimental.
Successes & failures
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NWS Local Storm Reports for State of Pennsylvania

Local Storm Reports (LSRs): One Inch and Larger Hail
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Microbursts / Downbursts

* Localized (few mile wide) region of rapidly sinking air
associated with a thunderstorm

* Not as well simulated as larger features ... can identify general
area where likely, but not pinpoint specific locations.
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Downbursts/microbursts are particularly dangerous for airplanes on
final approach




Airports with Terminal Doppler Weather Radars (TDWRs)
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Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

2025 Annual Preliminary Report Summary

https:
ar=2

Storm Reports Legend
Tornadoes 22
¥ AR 15.... 22
W Possible EF2 1
Severe Wind. . 559
2 Wind Damage... 519
u Meas. Gusts.. .. 36
W Meas. Gusts =T 4 ¥, e
Severe Hail....... e A3 o a £ J
@ Hail 1.00-1.24 in : 27 : s o - oF;
% Hail 1.25-1.991in......c.c00ne0s 15 = ST
& Hail 2004 N0 veeieiier 1 ) e 3 &
100
21
Z| s
[«
nj| 25 I_
oc o il I
Jan Feb IMar Apr May Jun Jul Aug

Preliminary Severe Weather Report Database
PA 2025 - All Severe Reports

) Divs Fesilistn Supius 01 Jan, 2025 - 20 Aug, 2025
Norman, Okiahom



Pennsylvania Average Temperature 1896-2025 Trend
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NOAA Advance Warning

. https://www.cpc.ncep.noaa.gov/products/predictions/threats/extremesTool.php
. https://www.cpc.ncep.noaa.gov/products/predictions/threats/threats.php
. https://www.wpc.ncep.noaa.gov/threats/threats.php

. https://satable.ncep.noaa.gov/naefs/
. https://www.wpc.ncep.noaa.gov/gpf/excessive rainfall outlook ero.php

https://www.weather.qgov/

Winter @
https://www.wpc.ncep.noaa.gov/wwd/wssi/prob_wssi.php V
Day 2 Excessive Rainfall Outlook Y . Lo
Vel 122 Thd Juld1:2025 Risk of rainfall exceeding flash flood guidance Yo
;LZLHEL?§QE%§WE%1J%{I]23[5] 2025 within 25 miles of a point to the right%f aline . ]
Severe Forecaster: MULLINAX HIGH: At Least 70% SLGT: At Least 15 S .
DOC/NOAANWS/NCEP/WPC MDT: At Least 40% MRGL: At Least 5% |t = (]

https://www.spc.noaa.gov/public/swodyoverview.html

. SHORT RANGE

. https://www2.mmm.ucar.edu/projects/ncar_ensemble/camviewer/

. https://cams.nssl.noaa.gov/?model=mpasht_nssl&product=cref uh075&sector=spc_conus&postage stamp=false
. Experimental SSCRAM: https://www.spc.noaa.gov/exper/hrrr/sscram/ (good use it!)
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https://mesonet.agron.iastate.edu/plotting/auto/

« Some modern weather computer models are “convection-
allowing”, meaning they are capable of simulating (approximately)
squall lines and even, in some cases, individual thunderstorms

HRRR 1km AGL Reflectivity (dBZ) and MSLP {mb; 0.5-degree smoothed) NAM-3km Near-Surface Reflectivity (dBZ) and MSLP (mb; 0.5-degree smoothed)
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