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1. Upward mass flux hypothesis (Sugi et al., 2002, 2012)
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1. Direct simulation

SEETILOFERMNSEEE A ZHE (Broccoli and
Manabe, 1990; Murakami et al., 2012; Sugi et al., 2002;
Yamada et al., 2017...)

2. Downscaling

ERETILDFRERICAODRT—) T FEZXRAOTHYE
(Emanuel, 2013; Kanada et al., 2013; Knutson et al., 2015...)

3. Genesis index
VIal—LalBERORIERGMNEEHZTRIELS
(Emanuel and Nolan, 2004...)
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1. Direct simulation

SEETILOFERMNSEEE A ZHE (Broccoli and
Manabe, 1990; Murakami et al., 2012; Sugi et al., 2002;
Yamada et al., 2017...)

2. Downscaling
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(Emanuel, 2013;
Kanada et al., 2013; Knutson et al., 2015...)

3. Genesis index
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(Emanuel and Nolan, 2004...)




Dynamical downscaling (Emanuel et al., 2006)
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A STATISTICAL DETERMINISTIC
APPROACH TO HURRICANE
RISK ASSESSMENT

BY KERRY EMANUEL, SAI RAVELA, EMMANUEL VIVANT, AND CAMILLE Risi

In a novel approach to hurricane wind risk assessment, a coupled ocean—atmosphere
hurricane model is run along each of a large number of hurricane tracks
synthesized by two independent methods.
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Potential Intensity (PI)

1
T:)ut

PI* =

G (CAPE * -CAPEb)
CD

Bister and Emanuel (2002)

T, : temperatures at the sea surface

T, : temperatures at outflow regions in the upper troposphere

C. : exchange for enthalpy
C, : drag coefficient
CAPE : convective available potential energy

CAPE* : CAPE of air lifted from saturation at sea level in reference
to the environmental soundings

CAPED : CAPE of air in the boundary layer.
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Downscaling CMIP5 climate models shows increased
tropical cyclone activity over the 21st century

Kerry A. Emanuel’

Program in Atmospheres, Oceans, and Climate, Department of Earth, Atmospheric, and Planetary Sciences, Massachusetts Institute of Technology,
Cambridge, MA 02139

Edited by Benjamin D. Santer, E. O. Lawrence Livermore National Laboratory, Livermore, CA, and approved June 10, 2013 (received for review
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Emanuel et al. (2006)ZFHLMN = RO FFEZE 1L

« BRFEE(EBK) OIEM
H#CMIPSD H NIZEF

115} 7
Emanuel et al. (2013) 7]

110

Annual Frequency
£ 8 B
|
L TF
-
l
I

8

QEBQ I;

1

%

wé g@ﬁ

7Sk

1055 41965 1975 1985 1005 2005 2015 2025 2035 2045 2055 2065 2075 2085 2095
Year



Emanuel et al. (2006)ZFHLMN = RO FFEZE 1L

o BRGREDEM

# Power Dissipation Index[x10'2 m3s2]| CE &

45F e

T -
o _ H
+ _ —
35F E .
- D u

Power dissipation index
N
o w
e
iz
[ TH
T}

+ [] +
H_T]
]

Ny
- -
-

2 1 Emanuel et al. (2013)

1955 1065 1975 1985 1005 2005 2015 2025 2035 2045 2055 2065 2075 2085 2005
Year




Power Dissipation Index (Emanuel 2005)

nature Vol 436/4 August 2005|doi:10.1038/ nature03906
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Increasing destructiveness of tropical cyclones over
the past 30 years

Kerry Emanuel’
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2000) . ELED —3FE



Power Dissipation Index (Emanuel 2005)
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Direct simulation vs. Downscaling

J. Adv. Model. Earth Syst., Vol. 2, Art. #9, 9 pp.
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Direct simulation vs. Downscaling
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Direct simulation vs. Downscaling
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Direct simulation

(HH 773EDELY)
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~2013 224.1 146.1 78.1 159 66.2 37.3 26.7 26.7 48.2
28 ~2002 284.1 173.3 1109 19.2 69.5 54.7 299 41.0 658 4.1
14 ~1960 280.7 167.8 1129 149 674 549 30.6 489 61.1 29
56 ~2013 167.6 109.5 58.2 119 555 224 19.7 199 358 25
~2002 179.7 1135 66.2 11.7 49.6 314 20.8 259 37.7 26
14 ~1960 179.8 1115 684 6.8 476 324 247 31.1 354 1.9
56 ~2004 108.1 76.3 31.8 9.6 451 150 6.7 13.0 18.7 0.1
~1986 97.8 67.6 30.2 7.1 31.8 205 83 172 130 0.1
14 ~1959 856 61.0 246 3.1 274 177 128 16.7 7.8 0.1
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----- ~2016 83.9 588 251 49 25.2 163 124 15.7 93 0.1
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