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What is Convective Initiation? | @ Near
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Convective initiation is when SRt Anvil

Stratosphere (~12 km)
thunderstorms are able to grow RIS A

and form in the atmosphere.

Severe turbulence
Towering stage

Requires “SLIM”

e Shear

o Lift

e Instability WA A N

e Moisture Updrafts = V1 W\ 2 o8 YW Downdrafts
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The Problem with Convective Initiation...

... is that it flips weather

forecasting on its head.

Typical Weather:

e Slow-moving, large-scale
features.

e Upper-atmospheric waves
known as Rossby waves.

e Jetstreams
Cyclones

e Highly predictable through
numerical weather models
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The Problem with Convective Initiation...

... is that it flips weather

forecasting on its head.

Convective Initiation:
e Inherently an unstable process
e Caused by individual cells of
rising air punching through the

atmosphere and forming storms.
e Highly localized and fast moving.

e Difficult for any model to predict
with accurate timing and
locations.
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SPC DAY 1 CATEGDRICAL OUTLOOK
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Objective

Evaluate a model that nowcasts GOES satellite imagery

to predict convective initiation.

Why GOES Satellite Imagery?

e GOES satellites continuously monitor the
western hemisphere.

e The sensors on-board has 16 channels: 2
visible, 4 near-infrared, and 10 infrared.

e Continental US data is available with a 5
minute temporal resolution, and a spatial
resolution of at least 2 km.
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Image Source: NOAA/NASA



Machine Learning Architecture

l

16 GOES channels

Solar radiation

WxFormer
(Schreck et al. 2025)

Elevation
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16 GOES bands




Case Study Selection

Identify a representative sample of
convective environments.

e |Initiation over Dakotas
o August 28, 2024
o  Two confirmed tornadoes
o 35 wind reports

e Mid-latitude cyclone over the lower
plains

o  April 26,2024
o 43 wind reports
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Large-Scale Features

At 3 hours, the model still
shows skill modeling
broad-scale dynamics.

e Appropriate movement of
cloud patterns

e “Learned” how to model
cyclone rotation without
explicit programming

e Creates features from
off-map
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Model GOES-16 Ch. 8 (Upper WV) & HRRR 500 hPa Heights/Wind
20:00 UTC April 26, 2024, model rollout 3 hours
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Example of Learned Dynamics

April 26, 2024 — GOES-16 Channel 8 (Upper WV)
Valid: 17:00 UTC 26 Apr 2024
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Init: 17:00 UTC 26 Apr 2024




Case Study: Northern Plains Supercell & 2 NCAR
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case Fqcts HRRR | MLCAPE & MLCIN | Valid: 2024-08-28 21:00 UTC
e Initiation over the Dakotas. 200
e August 28,2024 2pm - August 29, 2024
12am -175

e Two confirmed tornadoes
e Baseball sized hail
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Meteorological Environment

SBCIN (J/kg)

-100

Significant energy for storms
Upper-level trough

Cold front progressing eastward
Shear supporting discrete
thunderstorms
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I Case Study: Northern Plains Supercell @ ‘2 NCAR

Northern Plains Supercell — GOES-16 Channel 13 (Clean IR)
case FOCts Valid: 20:02 UTC 28 Aug 2024

e Initiation over the Dakotas.
August 28, 2024 2pm — August 29, 2024
12am

e Two confirmed tornadoes

e Baseball sized hail
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Model Output During Initiation | @ Near

August 28, 2024 — GOES-16 Channel 13 (Clean IR)
Valid: 21:30 UTC 28 Aug 2024 | Init: 21:30 UTC 28 Aug 2024

Observed Model
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Brightness Temperature (K)
— Higher Cloud Tops
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Brightness Temp. Comparisons to Observations & | 2 NCAR
Ch13 Clean IR — ND-SD Supercell
Composite through 2024-08-29 01:00Z
Model Min Brightness Temperature
Model runs during initiation fail to
meaningfully deepen the storm.
Model run during initial deepening < !
failed to capture maximum strength | & 2401 !
=
and prematurely weaken storm. S 530 \\
~
. . 220 A Other inits \\\
Model runs during maturation —e— Init 20002 ™\
’ 2 210 4 Init 2130Z \ »
capture the storm’s magnitude —e— Init 23007 NS | T e LhL Laeis
relatively well. 200 1{== Tutn a5
o®° 2 o° 10 0 o° 0
Time (UTC)

12 GOES Nowcasting for Convective Initiation




Comparison of Model & Observations Extent & 2 NCAR
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Cold-cloud area (Chl1l3 Clean IR)

Area where BT < 240 K
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Conclusions & Future Work

& 2 NCAR
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Conclusions

e The model shows general skill in terms of
handling broad-scale dynamics.

e Convective initiation is still a major
problem for the model.

e Additionally, spatial extent and

premature decay of existing storms is
often exhibited.
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Future Work & Next Steps

Re-training the model using a multistep
approach to reduce errors.

Incorporating more meteorological
variables to add context to the model.

Resample the training data to include
more examples of convective initiation.



Questions?

Contact Information

Email: ecampb34@charlotte.edu

LinkedIn Poster
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