The Next Season’s
Jrricanes

(Gabriel Vecchi
NOAA/GFDL

Image: NASA.



Days Between Major Hurricane (Cat 3, 4, 5) Landfalls
in Florida:
1 January 1900 to 1 June 2015
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Seasonal hurricane counts
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Sources of & Limitations on Climate Predictability

-

Months to decades

\

—

Many decades

hours to
a month

to centuries

—

Evolution of initial state of ocean/atmosphere.
Need good models and observations of
present and past

—

Climate response to forcing
(e.g., CO,, soot/dust, sun, volcanoes, land use)
need good models and estimates of forcing

| A

Predictability has inherent limits: need to be probabllistic.



From Global Warming: basin-wide North Atlantic frequency decrease
& Intensity increase, so strongest storms may become more frequent

Projected Changes in Atlantic Hurricane Frequency over 21 Century

bars indicate “best” estimate, dots indicate alternative estimates.
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“lements of Climate Prediction System of Systems

Global climate observing system:
Sparse observations of many
quantities across globe.

Dynamical modeling system:
Allows forward integration from
present state, including expected
changes In radiative forcing.

Image sources: NOAA/PMEL and
Argo.ucsd.edu

Data assimilation system:

Combines sparse observations with
model, to estimate present state.
Usually based on dynamical model.

Analysis and dissemination system:
_ Take output from predictions and
& 7 produce “useful” information,

¥ = communicate predictions.




Forecast 5-Year Hurricane Count (per year)
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Although there are some
initial encouraging results
for basin-wide frequency,
they need to IDeRie diEs
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Vecchi et al. (201 3)



Seasonal Predictions of Hurricane Freguency in Atlantic have
been getting more precise and accurate

Past Performance N. Atlantic Basinwide Freq. Predictions
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Fach bar is a different North Atlantic hurricane prediction system



Correct predictions of basin-wide active 2010 but not of U.S. landfall absence

Predicted and Observed Annual Number of North Atlantic Hurricanes
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(B) Observed Atlantic tropical storm tracks 2010
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Can we reliably predict statistics of storms
more regionally than “basin-wide” number?

Vecchi and Villarini (2014)
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Systems under development show promise at regional scales
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Anomalous TC density

Actual 2014
Storms

Source: wikipedia

Forecasts of 2014 TC density anomaly with GFDL-FLOR-HAD | 3
initialized [-April-2014 and [-July 2014.

Contour: all values

Shade: locations with significant retrospective correlation

(based on Vecchi et al. 2014, . Clim.)
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Most impactful hurricanes tend to be strongest.

Need prediction models that can capture them. New prototype model
@ERBIEEFILORY, first run May 2014) able to simulael@assse

Global Tropical Storms normalized histograms of max wind
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New prototype NOAA-GFDL predicti
recover history of Cat. 4-3s...exper
underway...

lon model Is able to
imental predictions
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Because of "Buttertly Effect” forecasts
should always be in terms of probabillities
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- Climate system Is chaotic: even (A

ISEREEsST o rediction system
concelvable will not be able to
precisely predict upcoming
season.
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- |t predictions are reliable, even
things deemed unlikely will
sometimes happen.
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average

- Most useful way to
communicate predictions
depends on application.
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Predicted and Observed Annual Number of North Atlantic Hurricanes
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Summary

« We understand more than we did

« We have better tools than we did

- Our predictions are better than they used to be — and will
probably continue to get “better” (more regional, more
reliably probabillistic)

- [ here will always be lIimits on predictability and prediction skill




