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Tropical cyclones (e.g. hurricanes) pose serious risks
Katrina, 2005 Harvey, 2017
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Understanding connections between
tropical cyclones and climate is
critical for coastal planning and flood
risk assessments



How will TCs change in the future?

Downscaling CMIP5 climate models shows increased
tropical cyclone activity over the 21st centur
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Although a theory of the climatology of tropical cyclone formation remains elusive,

high-resolution climate models can now simulate many aspects of tropical cyclone climate. 0 50 100 150 200 250 300 350

. . . . Walsh et al., 2015
The question is difficult to answer with global models due to coarse

resolution and lack of ocean-atmosphere coupling 3



Tropical cyclones play an active role in the climate system
through enhanced ocean mixing by extreme surface winds

* Tropical cyclones tend to cool the surface ocean (primarily by vertical ocean

mixing)

e  TC-induced mixing redistributes heat vertically in ocean column (surface cooling and
subsurface warming)
Hurricane Gert, 1999
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Short-term negative feedback
Surface cooling limits storm intensification (current and subsequent storms)

- days to weeks

Long-term positive feedback
Sub-surface warming provides additional energy for future storms

- months to years

Temperature (Celsius)
Sriver, 2013 — PNAS




On the global scale. TCs tend to cool the tropical oceans and
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What did we do?

We use high-resolution configurations of the Community Earth System Model
(CESM) to investigate the relationship between tropical cyclones, the upper ocean,
and Earth’s climate.

What is CESM?
ol Numerical, deterministic global climate
model that simulates the physics, dynamics,
and interactions between:

- atmosphere (25 km resolution)

- ocean (1 deg resolution)

- land surface

- glaciers

www.cesm.ucar.edu
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CESM scales well on Blue Waters to
~15,000 cores

- We are adapting the model from other
CESM projects — Susan Bates (NCAR)
and Don Wuebbles (UIUC)
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High Res CESM Experiment

3 multi-decadal pre-industrial control simulations using the 25 km
atmosphere:

- Coupled Pre-Industrial Control (generates TCs within model)

- Atmosphere-only with ocean boundary conditions from coupled run
- isolate effect of coupling on simulated TCs

- Ocean-only with atmosphere boundary conditions from coupled run
- isolate effect TCs on upper ocean
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TC climatologies in coupled CESM generally agree with observations
- spatial distribution, timing, intensity

0 30E 60E 90E 120E  150E 180 150W  120W  90W 60W 30w 0

Li and Sriver (2018) — Journal of Advances in Modeling Earth Systems 7



Major Challenges
?LEM%paual resolution (0.25 deg atm, ~1 deg

NS ocean)
o S \ - Coupling ocean and atmosphere (scale
25 km ATM i\t X mismatch) . o
-------- TN - Integration length (multi-decadal simulations)
w - High frequency IO (sub daily model outputs)
W N - Post-processing (analyzing and visualizing the
L e | results)
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Li and Sriver, 2016 - JGR-Oceans

- Blue Waters provides the capabilities to overcome these challenges
- Scalability; Large Allocations; Fantastic Researchers and Support
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Some recent results

- Both coupled and uncoupled versions of CESM simulate realistic spatial reasonably
captures key features of the annual cycle.
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Some recent results P I S R
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Coupled ocean-atmosphere interactions influence tropical cyclone

representation in CESM
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= Ocean-Atmosphere interactions can modulate TC intensity, evolution, activity and variability
- Models with fixed ocean conditions are missing these feedbacks

Li and Sriver (2018) — Journal of Advances in Modeling Earth Systems 11



We are working with the NCSA Data and Visualization Group to explore new ways to visualize
big climate data (with a focus on TC-ocean interactions

BLUE WATERS

SUSTAINED PETASCALE COMPUTING

David Bock and Rob Sisneros (NCSA)



Animations for visualizing TC-ocean interactions in CESM using Blue Waters

Produced by David Bock and Rob Sisneros I-U E WA'I'E
National Center for Supercomputing Applications (NCSA)

Data Analytics and Visualization

http://manabe.atmos.uiuc.edu/~rsriver/Bock_Climate_SC_revised.mp4

Li and Sriver, 2016 —JGR Oceans



Next Steps:

- 4xCO2 fully-coupled simulations branched from preindustrial control
- Currently Running on Blue Waters
- How do simulated TCs change with increased CO2?

Some Conclusions:

- We conducted a series of multi-decadal sensitivity experiments
highlighting the importance of coupled ocean-atmosphere
Interactions in simulating realistic TC characteristics and basin-scale
activity.

- Ocean-Atmosphere coupling significantly influences TC activity and
the feedbacks could be important for large-scale ocean and
atmosphere energy budgets and circulations.

- Results point to the importance of coupled interactions in
understanding the relationship between tropical cyclones and climate
and paves the way for coupled modeling approaches exploring how
tropical cyclone activity may change under anthropogenic global
warming.
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