Global Warming:

Hurricanes




Temperature (°C)

Holocene Paleoclimate
Central Greenland: GISP2

'25 [
1 Late Pleistocene | Holocene Epoch
1 < | >
-30 |
| I
] |
-35 - !
1 |
-40- .
) I
i I
45 _] :
| L/N.
-50 U\j
f T Younger Dryas
: Last Glacial Maximum
-55 T T I T | I I T I l T T I T | I I T I I T I I T
25000 20000 15000 10000 5000 0

Years Befo e Prese nt After: Alley, 2000 (Quaternary Science Reviews v.19)



What 1s a tropical cyclone?
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Image: Dr. Michael Pidwirny, University of British Columbia

Hurricane FAQ: http://www.aoml.noaa.gov/hrd/tcfag/tcfagHED.html




Understanding and attributing hurricane variability
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Graphic Design By RL Shepherd



Tropical Cyclone History

Data from 1949 in the Pacific, from 1851 in the Atlantic
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This map shows the tracks of all known North Atlantic and Eastern North Pacific
tropical cyclones, covering the penoad from 1851-2008 in the Noeth Atlantic and from
19492008 in the Eastern North Pacific

Extratropical, Remnant Low, Wave

Tropical Cyclone 3



Atlantic Hurricane Database since 1851

North Atlantic Tropical Storms and Observing Techniques
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------- Ship Logs and Landfalls
....... Ships with Radio
------- Aircraft Observations
------- Radar Tracking

------- Satellite Tracking
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Is recent variability due to GCC.......
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Emanuel, 2005 (Nature v.436) :
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L =

Return Period In Years
For Category 3 Hurricanes

Table 7. Average number of tropical cyclones* which reached storm, hurricane and major
hurricane status. Updated from Blake et al. (2005).

Number of Average number of Average number of Average number of
PERIOD Years Tropical Storms Hurricanes Major Hurricanes

1851 - 2006 8.7 ) .
1944* - 2006 63 10.6 6.1 27
1957 - 2006 50 10.7 6.0 24
1966° - 2006 41 1.1 6.2 23
1977 - 2006 30 1.4 6.3 25
1987 - 2006 20 12.6 6.8 2.9
1997 - 2006 145

*Includes subtropical storms after 1967
*Start of aircraft reconnaissance
*Start of geostationary satellite coverage

Category 3 (years)

® 9-22

® 24-32
33-44

® 46-74

® 79-370

Landfall Return Periods: The frequency at which a
certain category of hurricane is expected within 75 nm
(86 miles) of a given location.

Source: National Hurricane Center



Assessment of Hurricane Risk

Fire. $6.6 . 2.2% Civil Disorders, $1.1

, 0.4% Water Damage, $0.4
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4°
6.4% Tornadoes, $77.3

Winter Storms, 26.0%
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All Troplcal Inflation-Adjusted U.S. Insured
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Impacts of Landfalling Storms

eStrong winds
eCoastal flooding
eLarge waves and swells

eStorm surge

e|nland flooding
eHeavy precipitation
eSevere thunderstorms

eTornados
M ’eye(
wind-driven SUrge m— pressure
surge

Image: NASA Earth Observa tory

Wright & Sullivan, 1980




ecords of coastal flooding

Rhode Island South Shore (Google Earth)




Overwash of barrier beaches

EAST BEACH BARRIER
September 1938 Hurricane
3 Days After
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Overwash of barrier beaches

LSU Paleotempestology Group



Shallow Water Coring

Fixed piston push core

Geologi@iexcited to find storm-deposits



ldentification of storm deposits

o Marsh Core Pond Core

» \Iagoon mud (silt & clay)
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Sedimentary record of hurricane strikes

Image RGB Bulk density (gcm') Susc. (SI) Mean grain size (um) % Coq
40 60 80 100 120 14 15 16 1.7 202 46 82030 25 50 75 100 125 0 5 10
T T T 1 T T T T T 7 F| T T T T 1 ! T 1
R p——0 L . .,,?‘.
% &
B L
— ——e "?I;c
f g »
= T ¢*
=~
% o
— 1:,
. ’
<= = .;2
- {» — N .!-'""}
< = e

LPG12 mean grain size (um)

50 100 150 200

—» Ocean
LPG3 mean grain size (um) LPG4 mean grain size (um) LPG12 mean grain size (um)
0 100 200 300 0 50 100 150 200 250 O 200 400 600 800 1,000 o
0 p=T T T T T T 1 r T T I: T r T... T T T 1 R 0
- — » . .
> > -
[ 5 > Es
100 000yrEP b e
[ 107 g e o
z > O 1o} peak
5 [ > (~1963)
%_200— IS k
g8 | > 2,500 yr BP 15
>
300+ g 20
5,000 yr 8P ?
400 >

2000
1
1989 990
(Hugo) 1980
1970
>
1956 1960 §
(Betsy) {1950 Z
1940
1928 1930
(San Felipe) 1920
1910
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1. Overwash layers identified
physical properties (density, color)
grain size
organic carbon content
microfossils

2. Layers correlated between
cores

3. Sediments are dated
radiocarbon
210Pb, 137Cs

4. Record compared to period of
instrumental and historical
overlap




Atlantic hurricanes and climate over the past 1,500 years

Annual tropical cyclone counts

1850 1900 1950 2000
Year AD

Annual tropical cyclone counts

500 1000 1500 2000
Year AD

Mann et al. (2009)



Relative Frequency

Achieved Storm Intensity
Under Idealized Conditions
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