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Opinions are mixed on future Tropical Cyclone (TC) impacts

High Confidence Low Confidence

1 Precipitation rates
™ Storm surge

? Overall frequency

? Storm genesis/landfall distributions
? Changes in certain ocean basins

MAverage intensity
1 Relative frequency of extreme events

* Two popular techniques: high-resolution global climate models
(GCMs) and statistical-dynamical downscaling (SDD) models

* How different are the results from using these techniques? Is there an
unequivocally “better” option?

* Objective: Compare landfalling TCs objectively-tracked storms in
HighResMIP GCMs and synthetic storms using the SDD TC model
described in Lin et al. (2023) against observations and reanalysis
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GCM vs SDD TC Example Using ERAS
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What we found = e

e GCMs:

* TC counts, intensity, proportions generally
underestimated

* Struggles with long-track storms
* Unrealistic relationships between

: a
genesis/landfall

« SDD: e v by
* Landfalls overrepresented (@ crw-cus-1)

* Latitude of maximum intensity, pressure ' '

accumulated cyclone energy, and intensity
all improved

* More convergence in solutions, but produces
unphysical behaviors

e Other tidbits:

* Resolution does not improve integrity of SDD
solutions
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GCM Climatological Statistics SDD
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GCM From Genesis to Landfall SDD

Higher variance in
landfall locations
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“Reversing the pipeline”
How can GCMs benefit SDD and how can SDD benefit GCMs?

6-hourly

Hazard-level
risk
assessment

Large-scale fields

High-level
risk
assessment

Full Physics Machine

Sl Models Learning

Hypothetical tracks
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Model comparison, evaluation and validation

1. Standardized metrics

ajb8224@psu.edu

Transparency, robustness, and
detailed documentation is key!

* Ability to compare models + modeling techniques to compare strengths and weaknesses

* Provide insights into model improvement

2. Process-oriented diagnostics

* Are we getting the right answer for the right reasons?
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Bolivar and Zarzycki genesis/landfall scatter show
SDD improvement with high-frequency wind data
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Carstens et al., shear-relative benchmarking of
reanalysis hurricanes against TC-RADAR data
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High-resolution storylines

* Leverage state-of-the-art DOE
modeling capabilities to provide km-
scale hazards

* Example: E3SM/SCREAM simulations
-> coastal inundation -> impact
models

* Tool development needed:

* Improved mesh generation

* Robust modelinitialization configuration
routines

* Improve model "connectivity" within DOE
portfolio (e.g., tools for easily
configuring/forcing DHSVM using E3SM
storylines)

e

.

Julian Rice, Paul Ullrich, Colin
Zarzycki — SCREAM simulation of
synthetic E3SM hurricane
landfalling near Philadelphia with
associated county-level power

outages
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Vortex removal example using ERAS5 (V850): 00Z 8 September 2009

Ophelia Maria Nate
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Manual seeding
* |Inlieu of random seeding, plant seeds at precise points in space and time

2005 storm sample: ERAS downscaled (6H, no vortex removal)

. g — Katrina
—  Wilma
—— Rita

— Emily

2005 storm sample: ERAS

LV
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