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— Cﬁanges (treﬂa§=ef—em/|ronmental factors that are
~ known:to-influence TC activity:

— Tropospheric atmospheric temperature

— Sea surface temperature

— Tropospheric water vapor -
— Atmospheric circulation

" |ssues:

Sensitivity.te,changes -
nteractio

S ]
— |nteractions with climate modes: ENSO, AMO, AMM
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- No comprehensrve theory o] troplcal

‘_—_'—--

cycloene genesis yet.

" Marsupial paradigm: formation and development of a
proto-vortex within a tropical wave (Dunkerton et al. 2008).

" No clear guidance TC frequency with
climate change

elo IS inalc@_. —

e frequency to large-scale conditions
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~ = Potential intensity (P]) theory of hurricanes
— (Emanuel-1985) - analogous to a Carnot cycle.
= Alternative PIl: Holland (1997).

= Under high CO, conditions: increased Potential
Intensity and future TC intensities (Emanuel 1987).

" Criticisms of details of Emanuel’s Pl theory:
jersmg and Montgomery (2003); thermodynamlc -

SSumpLio TT——
y ana'\Vog 3): momentum budget

on the boundary layer

— Bryan and Rotunno, in press (2009): balanced flow
assumptions.
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ierced by climatelegies of diiferent global model scenaros
under increased CO,,

Hurricane Intensity Simulations: Aggregate results

Wind speed sensitivity

CATEGORY 5 CATEGORY 4 CATEGORY 3 .
to warming:
(3—E)Control (mean = 934.11) , iy 33% pel’ degl’ee CeIS|US
High CQ, (mean = 923.68)
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‘Nolan and Rappin (

Model TCs have higher
sensitivity to vertical shear
under warmer SST
conditions.

2008):
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Time (Days)

10m Maximum Wind Speed (ms'1)



— |dealized models
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e Ideahzed se‘tT“ ng-‘(e .g. |deaI|zed boundary

.-f_"

forcing, radiative equilibrium, uniform flow)
could miss some important effects of CC.

" No ocean coupling
" Effects of CC on freqguency — not properly

ldered. - -s*‘
ﬁmnmm -

condition.
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- Detect and T—ackvortlces With propertles
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similar to observed TCs.
" First study by Manabe et al. (1970).

" Global models used Iin seasonal forecasts of
TC activity: ECMWE, IRI.

ﬁfstud_ analyzing TC actiyi ,chaﬁgeﬁa—i"
ﬂﬁﬁﬁMS using

global models: Bengtsson et al. 1996
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Wind Speed (m/s)

- Bengtsson et al. 2007
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di et al 2008:

Fully ocean-atmosphere

coupled model
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= Future climate change forcing scenarios
£—-

= Magnitude of climate change in various fields
" Model physics

" Different regional responses in the models (e.g.
SST)

ifferent m_del sensitivities to. CC
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~ = Definition of TCs vary among groups, which makes
comparison difficult.

— TCMIP project: model intercomparison project for TCs in climate
models. =

" Error in model TC climatology and interannual variability
e.g. tracks, intensity.

ﬁel biaseswill affect TC activity il
= ! VIO=TC relationship well™

Model resolution

anges con
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EEH CTL experiment
[_16xCO, experiment

Stowasser et al 2007.

Downscaling over the
Western North Pacific

Number ~ constant,
but regional changes

Increase in intensity
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= Similar issues as global models
i —

" RCM climatologies and sensitivites can be
different from forcing global model

*= Domalin choice can affect result of
simulation (Landman, Seth and Camargo 2005).

Js SKill does not automatically, [EASE =i
WMM@H% al. 2007). -
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—n Developed by#(—eTryEmanuels group
.-:_"

" |nfers TC activity from large-scale circulation
of models and reanalysis.

" Mixture of statistical models:
— Random seeding for TC genesis

irkoy.model for TC tracks (based on historical =
-.C trac T——

al model: -
— Hurricane model for TC intensity
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- B"s‘t‘feature Uf'dﬂ‘ﬁ’dfﬁ*mﬂdeb Iarge scale
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= Use environmental variables that are known to
affect TC activity to infer future TC activity. —

= Possible variables:
— SST and relative SST

" OR a combination of variables -~
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Power dissipation index anomaly (1011 m? 572

Power dissipation index anomaly (1022 m? 572)

Atlantic tropical cyclone power dissipation index anomalies

Based on Absolute 55T
= Annual cbserved PDI (1946-2007)
 Five-year observed PDI (1946-2007)
s Five-year PDI based on observed absolute 55T (1946<2007k r = 079
Statistical 5-year PDI downscaling of global dlimate models (1946-2100)
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= Gray (1979) — 1= index for genesis based on

e

~ large-scale quantities related to TC activity.
" Application of Genesis index to TC — CC
problem:
— Usage of a SST threshold (Gray) Is a problem

ﬂlany alternative indices, preposed __,_._**"

j@ . Ve precipitation

— Applications to CC problem for various models
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Emanuel's GPI:

R Eroduce_——mﬁt—'ﬁl cllmatology

. Reproduces C response to ENSO (camargo
et al. 2007)

" Can reproduce well the MJO moedulation of
TC activity (Camargo et al. 2009)
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Issues — large-scale variaoles

S Tﬁly&s ofTh_—_wonment only notof TC

—
act|V|ty PEI" SE.

" |Interactions and feedbacks between various
variables

" Detalled regional patterns ane important and

E




Surnrmery

. Varlous metht)ds-are used to mfer future TC -
~activity.

" All methods have positive aspects and
some drawbacks. .

" Ultimately a combination of these methods
with robust S|gn|f|c:ant results — best option.

"= Standard s fo d a*m

[aples should impreve
comparisons.
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