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Hurricane Risks:

» Wind

2 Rain

» Storm Surge




The Global Hurricane Hazard

» About 10,000 deaths per year since 1971

» $700 Billion 2015 U.S. Dollars in Damages
Annually since 1971

» Global population exposed to hurricane
hazards has tripled since 1970

EM-DAT, 2016: The OFDA/CRED International Disaster Database
http://www.emdat.be/.



U. S. Hurricane Mortality (1970-1999)
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Windstorms Account for Bulk of

Other

Windstorm

Percentage Distribution of Global Insured Losses, 2006 (Munich Re)




Global Tropical Cyclone Damage, 1950-2017
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EM-DAT, 2018: The OFDA/CRED International Disaster Database
http://www.emdat.be/. GDP correction from Federal Reserve Bank
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Historical Records

Pre1943: Anecdotal accounts from coastal cities and shi

1943: Introduction of routine aircraft reconnaissance in
Atlantic, western North Pacific

1958: Inertial navigation permits direct measurement of
wind speed at flight level

1970: Complete global detection by satellites
1978: Introduction of satellite scatterometry

1987: Termination of airborne reconnaissance in westerr
North Pacific

2017 Introduction of CYGNSS scatterometry



Historical Records:
Prior to 1970, Many Storms Were Missed
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Major hurricanes in the North Atlanti¢8512016, smoothed using a 40

year running average. Shown in blue are storms that either passed through
the chain of Lesser Antilles or made landfall in the continental U.S.; all other
major hurricanes are shown in red. The dashed lines show the best fit trend
lines for each data set.



Trends in Global TC Frequency Over Threshold Intensities, fro
Historical TC Data, 198016. Trends Shown Onlynen p < 0.05.
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Distance Northward from Equator (km)

Distance Southward from Equator (km)
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Paleotempestology
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Map of the western North Pacific showing study area (open red square).
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identified by a, b, and c, respectively.

Woodruff et al.,Quatern Sci. Rey2009
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Potential Intensity Trend, 1979-2018, ERA 5 Reanalysis
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Projected Trend Over 215t Century: GFDL model
under RCP 8.5
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Inferences from Basic Theory:

o Potential intensity increases with global
warming

o Incidence of highntensity hurricanes should
Increase

o Increases in potential intensity should be
faster in subtropics

o Hurricanes will produce substantially more
rain: Clausiu€lapeyron yields ~7%
Increase In water vapor pePC warming



Probability density

Risk Assessment in a Changing Climate:
The Problem
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The Heart of the Problem:

o Societies are usually well adapted to frequent
events (> 1/10Qr)

o Societies are often poorly adapted to rare
events (< 1/10Qr)

o Robust estimates of the character of ~100
events require ~1,000 years of data

o We do not have ~1,000 years of
meteorological observations



How We Deal with This:

o For local events, accumulate statistics over
locations far enough apart to sample different
iIndividual events, but close enough to sample
the same overall climatology.

o Example: 500 mm of TC rain in metro Houston
may be a 10§ear event, but a 2@ear event over
coastal Texas

o Extrapolate welsampled events to rare
events using extreme value theory. Dicey!



How We COULD Deal with This:

o Bring physms to bear on natural hazard risk
FaaSaayYSyiaXx LINRoOofSY
to statisticians

o But several impediments:

o Academic stowgiping: Too applied for scientists; too
complicated for risk professionals

o Brute force modeling probably too expensive to be
practical for many applications



Using Physics to Estimate
Hurricane Risk



~ Why Not Use Global Climate Models to
> Simulate Hurricanes?
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Probl em: Todayos model s ar e
destructive hurricanes
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%0 Global models do not
simulate the storms that
cause destruction



How to deal with this?

» Bmbed highresolution, fastcoupled
oceanatmosphere hurricanemodelin
global climatermodel-or climate
reanalysiscdata

» CoupledrHurricane intensity prediction
Model (CHIRPS)-has-been-used for 18
yearsito ‘forecast real hurricanes in
near-real time



Risk Assessment Approach:

Step 1. Seed each ocean basin with a very large number
of weak, randomly located cyclones

Step 2: Cyclones are assumed to move with the large
scale atmospheric flow in which they are embedded, plus
a correction for tsphericigart ho:

Step 3: Run the CHIPS model for each cyclone, and note
how many achieve at least tropical storm strength

Step 4: Using the small fraction of surviving events,
determine storm statistics. Can easily generate 100,000
events

Details: Emanuel et al., Bull. Amer. Meteor. Soc, 2008



Calibration

» Absolute genesis frequency calibrated
to globe during the period 1980-2005
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Top 100 out of 2000 TCs Affecting Kyoto, 1981-2000
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Same, but with top 20 historical tracks

Kyoto_WP _ipslI5_20thcal




Kyoto WP _ipsi5_20th track number 271
September 1983
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