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Topics to be addressed

To what extent:

- are hurricane activity records representative of the past?

- can we make skillful multi-year predictions of hurricane activity?
- Internal climate variability (e.g, El Nifo, Atlantic Multidecadal Variation)

» Forced climate change (e.g, CO,, soot, dust & other aerosols. ..)

- Key sources of uncertainty



Recorded basin-wide North Atlantic hurricane counts
have exhibrted variability and a trend. Is this real?
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Ship tracks have changed in density and location over time

80°W 60°W 40°W 20°wW 0° B80°W 60°W 40°W 20°W o>
50°N I I | N Y E 1 1 1 _ | ! 50°N 5
[2)1966-2006 Stormsh4: 2
- IO 2 200 ©
. 3ok (ID
40°N D 40°N 1 50 ..%.
()}
100 2
30°N 30°N 75 =
%l RS,
150 =
Y
209N 20 | | 45 OQ
— 40 ~
@
1 l M 35 o
0°N 0°N
N
— 30 =
o Tropical Storm o
«Cat. 1-2 Hurricane & 25 £
+Cat.3-5 Hurricane =
T T T | Q
50°N L L 50°N 20 o
wv
15 <
.8
H10 @
40°N 40°N E
— 9 %
8 O
30°N o ] 7 -g
=
— 6 G
5 : ]
20°N 2ov |l g v
Ne)
14 e
=2
10°N feN 3 %
()}
L2 ©
[¢]
| >
&l 1 <

80°w 60°wW 40°W 80°w 60°wW 40°W 20°w 0°

Source: Vecchi and Knutson , J. Climate, 2008.



Normalized Tropical Atlantic Indices
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Long-term changes Iin hurricane activity spatially
heterogeneous: nominal decrease in West Atlantic,
including “deep well” in 1970s-1980s

| 878-2008 trend in hurricane -days
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Climate-induced changes Iin hurricane activity

- Forced climate change:

« greenhouse gases: forcing changes slowly, global impact better constrained than

regional impact, incremental impact over next decade may be smaller than variability.
Sea level rise

« aerosols: could be influential, can change rapidly (i.e, uncertain),
impacts not yet fully understood, spatially heterogeneous.

- Internal climate variability

o Interannual and decadal “modes” of variation: El Nino, AMO, ...

- Ongoing efforts to build basis for multi-year prediction of climate and
its iImpacts —predictability depends on region and phenomenon.

- Random, unpredictable “weather’ can impact even multi-year changes.



EBeice with solar radiation,
structure of continents and
atmospheric composition (e.g.,, CO,)

Models have land, ocean,
atmosphere and ice components.

Each encapsulates our best
understanding of underlying
processes controlling its evolution.

In each grid cell:

xconserve momentun
(F=m )
xaccount for changes

IN Mass and
composition

x*CONServe energy
(radiation, latent, etc...)



GCM Projections of 2|t Century Changes in Large-Scale Environment
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But, current computing power limits ability of
coupled global climate models to represent hurricanes

X e Hurricane Rita (2005):
|t S orange grid is
[FRars A P rcpresentative of most
current coupled global
climate model resolution.

Size of grid limrted by
power of computers.
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“Downscale” Climate Model Projections With High-Resolution or
Statistical Models
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latitude

latitude

Response of TC frequency in single 50km global atmospheric

model forced by four climate projections for 2 |st century
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Regional increase/decrease much larger than global-mean.
Pattern depends on details of ocean temperature change.

Sensitivity of response seen in many studies
e.g., Emanuel et al 2008, Knutson et al 2008, Sugi et al. 2010, Villarini et al. 2011, setc



Strongest cyclones projected with double downscaling

Y .
2) Regional model projécts

change in hurricane colints
from climate model Sutput.
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Adapted from
Bender et al (2010, Science)

Global Climate Models -> Hi-Res Model -> Hurricane model
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Overall frequency decrease projected for North Atlantic,
but strongest storms may become more frequent

Projected Changes in Atlantic Hurricane Frequency over 21st Century

bars indicate best estimate, dots indicate alternative estimates.
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Use homogenized data and high-res models to build statistical
models for exploration and projections

Projections of North Atlantic TS Count Trends
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Key sources of uncertainty for decadal hurricane activity projections
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Sources of uncertainty (after Hawkins and Sutton, 2009)

* Variability: independent of radiative forcing changes

* Response:“how will climate respond to changing GHGs?”
* Forcing:“how will GHGs change in the future?”



Key sources of uncertainty for decadal hurricane activity projections

Fraction of total variance
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Partitioning for North Atlantic SST  Even though Atlantic SST a predictor,

resemble that for other regional partitioning for NA Tropical Storms
temperatures: distinct:

* Short term:Variability * Short term:Variability

* Medium term: Response * Medium term: Response & Variability

* Long term: Forcing & Response ¢ Long term: Response & Variability



Temperature
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Can we predict the
trajectory of Atlantic
temperatures over the
next several decades?

Individual ensemble members

How about hurricane
activity?
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Decadal prediction: New efforts focused on multi-year/
decadal predictions: a mixed inrtial/boundary value problem

Sources of & Limitations on climate predictability

"« Climatology
(what happens typically, including randomness)
need good observations

- Evolution of inrtial conditions
— (e.g., weather or El Nifo forecast)
need good observations, models, initialization schemes

hours to a year

—

years to decade

- Climate response to forcing
(€ @@ Facresolst Sl tolediics )
need good models and estimates of forcing

i@ centlibles

Many decades



Merge multiple tools and understanding to build experimental long-lead
hurricane forecast system: skill from as early as October of year before

April & onward

forecasts fed to Hrlr-wsss g?ecrg/ln Jln Build statistical model Use initialized coupled
NOAA Seasonal / of the response of mnode :
Outlook Team hurricanes in HIRAM
Initialized January: r=0.66
— Observed — Ensemble-mean < Ensemble member del t
~ | 90% range 75% range 50% range model to

Predicted
SST
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HYHUFS

Make Prediction

Seasonal Number of Atlantic Hurricanes

http://gfdl.noaa.gov/hyhufs
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Vecchi et al. (2011)



Apply HyHUFS to multi-year climate model forecasts

- Part of CMIP5 experiment suite

- Multiple climate models running initialized + forced experiments
| 960-present

- Experiments aim at assessing retrospective prediction skill up to 10
j=lis OUL.



5-Year Averaged North Atlantic Hurricanes per Year

Experimental decadal predictions

Hybrid system: statistical hurricanes, dynamical decadal climate forecasts
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Retrospective predictions encouraging.

However; small sample size limits confidence
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5-Year Averaged North Atlantic Hurricanes per Year

Experimental decadal predictions

Hybrid system: statistical hurricanes, dynamical decadal climate forecasts
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Experimental decadal predictions

Hybrid system: statistical hurricanes, dynamical decadal climate forecasts
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5-Year Averaged North Atlantic Hurricanes per Year

Retrospective skill dependent on improvements In
North Atlantic from inrtialization
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Change-point in 1994-1995 crucial for retrospective skill,
particularly on decadal scales: limitation on future skill?
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Topics addressed

- Recorded century-scale increase in Atlantic hurricane frequency
consistent with observing system changes.
Historical probability of extreme years (e.g, 2005) higher than in raw data
Issues with intensity records remain.
It Is premature to conclude we have seen hurricane change due to CO,

- Statistical and dynamical models allow estimates of future activity:

Next couple of decades: internal variability dominant player
(some may be predictable, some not)

NA Hurr. Response to GHG: likely fewer; probably stronger.

- Aerosol forcing and response a key uncertainty.

- Encouraging results from long-lead (multi-year) experimental

forecasts using hybrid system, but research must continue:
“bast performance no guarantee of future returns’. ..
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