
Hurricane, Typhoon and Hurricane, Typhoon and 
European Windstorm Activity: European Windstorm Activity: 

the Next 10 Yearsthe Next 10 Years
Dr Adam Lea andDr Adam Lea and

Professor Mark SaundersProfessor Mark Saunders

Department of Space and Climate Physics Department of Space and Climate Physics 
Benfield UCL Hazard Research CentreBenfield UCL Hazard Research Centre

University College London, U.K.University College London, U.K.

IUMI Copenhagen IUMI Copenhagen 
September 13 2007September 13 2007



Slide 2

BackgroundBackground
Climate change is a very emotive issue.Climate change is a very emotive issue.

Interest in tropical cyclones and climate change Interest in tropical cyclones and climate change 
fuelled by:fuelled by:

a)a) 10 tropical cyclones striking Japan in 2004.10 tropical cyclones striking Japan in 2004.

b)b) The The extremely active extremely active 2004 and 2005 North   2004 and 2005 North   
Atlantic hurricane seasons.Atlantic hurricane seasons.

c)c) Publication of recent Publication of recent influential research papers influential research papers 
(eg (eg Emanuel, 2005; Webster et al., 2005Emanuel, 2005; Webster et al., 2005) and ) and climate climate 
change reports change reports (Lloyds, 2006; WMO, 2006; IPCC, (Lloyds, 2006; WMO, 2006; IPCC, 
2007).2007).
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Talk StructureTalk Structure

1.1. Introduction/impacts.Introduction/impacts.

2.2. How unusual were 2004 & 2005 for Florida How unusual were 2004 & 2005 for Florida 
and Gulf hurricanes.and Gulf hurricanes.

3.3. Recent trends in frequency/activity. Recent trends in frequency/activity. 

4.4. Outlooks for the next 10 years. Outlooks for the next 10 years. 

Focus on Focus on Atlantic hurricanesAtlantic hurricanes, Northwest , Northwest Pacific Pacific 
typhoonstyphoons andand European windstormsEuropean windstorms..
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Tropical Cyclone Tracks Tropical Cyclone Tracks 
and Intensitiesand Intensities

Tropical Cyclone Tracks for a 10Tropical Cyclone Tracks for a 10--Year PeriodYear Period

(Source: Earth Observatory)(Source: Earth Observatory)

TyphoonsTyphoons HurricanesHurricanes
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InflationInflation--Adjusted U.S. Insured CAT Adjusted U.S. Insured CAT 
Losses by Cause of Loss, Losses by Cause of Loss, 19861986--20052005¹¹

11 Catastrophes are events causing a direct insured loss to properCatastrophes are events causing a direct insured loss to property of at least ty of at least 
US $25 million in 2005 US $. Threshold changed from $5 million tUS $25 million in 2005 US $. Threshold changed from $5 million to $25 million o $25 million 
in 1997. Source: in 1997. Source: Insurance Services Office (ISO).Insurance Services Office (ISO).

Insured losses totalled Insured losses totalled 
$289 billion (2005 US $) $289 billion (2005 US $) 
for the period 1986for the period 1986--2005.  2005.  
Tropical cyclones Tropical cyclones 
caused 47.5% of all CAT caused 47.5% of all CAT 
losses. This is up from losses. This is up from 
27.1% for the period 27.1% for the period 
19841984--2003.2003.



European WindstormsEuropean Windstorms

Porthleven, Cornwall: 4 Jan 1998 (Courtesy, Simon Burt)Porthleven, Cornwall: 4 Jan 1998 (Courtesy, Simon Burt)

Responsible (since 1970) forResponsible (since 1970) for
7575--80% of all European80% of all European
catastrophe insured losses. catastrophe insured losses. 
Account for 10 of the 14 mostAccount for 10 of the 14 most
costly European insured losscostly European insured loss
events.events.
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2)2) How unusual were 2004 andHow unusual were 2004 and
2005 for Florida and Gulf 2005 for Florida and Gulf 
hurricanes? hurricanes? 



Slide 8

Number of Florida Hurricane Number of Florida Hurricane 
Landfalls in 2 YearsLandfalls in 2 Years

SevenSeven hurricanes hurricanes 
struck Florida in struck Florida in 
2004 2004 and and 20052005. . 

Model (negative Model (negative 
binomial)binomial)
probability probability of at of at 
least seven least seven 
hurricane landfalls hurricane landfalls 
on Florida in 2 yrs on Florida in 2 yrs 
isis 1 in 7001 in 700..

2004 and 
2005 total



Slide 9

Major Gulf Hurricanes in 2004/5Major Gulf Hurricanes in 2004/5
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Number of Major Hurricane Number of Major Hurricane 
Gulf Landfalls in 2 YearsGulf Landfalls in 2 Years

TwoTwo occurrences occurrences 
of four intense of four intense 
hurricane landfalls hurricane landfalls 
in consecutive in consecutive 
years. These areyears. These are
2004/52004/5 andand 1915/61915/6..

Model (Poisson)Model (Poisson)
probability probability of fourof four
or more intense or more intense 
hurricane landfalls hurricane landfalls 
in 2 yrs isin 2 yrs is 1 in 2001 in 200..

2004 and 
2005 total
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Number of Gulf Major Number of Gulf Major 
Hurricanes in 1 YearHurricanes in 1 Year

20052005 hadhad fivefive
intense hurricanes intense hurricanes 
in the Gulf of in the Gulf of 
Mexico. Mexico. 

Model (Poisson)Model (Poisson)
probability probability of five of five 
or more Gulf or more Gulf 
intense hurricanes intense hurricanes 
in same year isin same year is
1 in 10001 in 1000. . 

2005 total
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SummarySummary

•• Chance of seven hurricanes striking Florida  Chance of seven hurricanes striking Florida  
in two years is ~ in two years is ~ 1 in 7001 in 700..

•• Chance of four intense hurricanes affecting Chance of four intense hurricanes affecting 
Gulf offshore industry in two years is just         Gulf offshore industry in two years is just         
1 in 2001 in 200..

•• A kneeA knee--jerk reaction to the high losses of jerk reaction to the high losses of 
2004/5 should be avoided. 2004/5 should be avoided. 
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2.2. Recent Trends Recent Trends 
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North Atlantic ACE index North Atlantic ACE index 
19501950--20062006
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Atlantic Multidecadal OscillationAtlantic Multidecadal Oscillation

Goldenberg et al., Goldenberg et al., 
ScienceScience, 2001., 2001.

Sutton and Hodson, Sutton and Hodson, 
ScienceScience, 2005., 2005.

AMO time seriesAMO time series

AMO link to U.S. AMO link to U.S. 
hurricane landfallshurricane landfalls
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Major Hurricane (Cat 3+) US Major Hurricane (Cat 3+) US 
Landfall NumbersLandfall Numbers
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US Hurricane Economic LossesUS Hurricane Economic Losses

Loss Data Source:Loss Data Source: Pielke et al. (2007)Pielke et al. (2007)
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NW Pacific ACE index NW Pacific ACE index 
19651965--20062006
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European Winter Windspeed European Winter Windspeed 
Anomaly of 1995/6Anomaly of 1995/6--2006/7 mean2006/7 mean
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SummarySummary
Hurricanes:Hurricanes: Sharp upswingSharp upswing in frequency and in frequency and 
overall activity (basin and U.S. landfalling) . overall activity (basin and U.S. landfalling) . 

NW Pacific typhoonsNW Pacific typhoons: Frequency and overall : Frequency and overall 
activity are activity are fairly steadyfairly steady..

European windstorms:European windstorms: DownswingDownswing in frequency in frequency 
of North Atlantic extraof North Atlantic extra--tropical cyclones.tropical cyclones.

US tornadoesUS tornadoes: No long: No long--term trends apparent. term trends apparent. 

Windstorm catastrophes worldwide:Windstorm catastrophes worldwide: NOTNOT out of out of 
control. control. 
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3.3. Outlooks for Next 10 Years Outlooks for Next 10 Years 
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Hurricane Activity: Key FieldsHurricane Activity: Key Fields

MDR SSTMDR SST

uuTWTW
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Factors Influencing Atlantic Factors Influencing Atlantic 
Hurricane 10Hurricane 10--Year OutlookYear Outlook

Enhancing factorsEnhancing factors
1.1. Warm phase of AMO expected to last a further Warm phase of AMO expected to last a further 

1010--20 years.20 years.
2.2. Global warming. Global warming. 

Suppressing factorsSuppressing factors
1.1. El Nino El Nino -- expected in ~20% of years. expected in ~20% of years. 
2.2. +ve North Atlantic Oscillation. (Unlikely). +ve North Atlantic Oscillation. (Unlikely). 

SummarySummary
Current enhanced hurricane activityCurrent enhanced hurricane activity to continue to continue 
through to 2016. through to 2016. 
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ENSO Link to NW Pacific ACE indexENSO Link to NW Pacific ACE index

Significance Significance 
of Augof Aug--Sep Sep 
SST link to SST link to 
NW Pacific NW Pacific 
ACE index ACE index 
19651965--2005.2005.

Above average (below average) ENSO SSTs are associated Above average (below average) ENSO SSTs are associated 
with weaker (stronger) trade winds. These in turn lead to with weaker (stronger) trade winds. These in turn lead to 
enhanced (reduced) cyclonic vorticity over the Northwest enhanced (reduced) cyclonic vorticity over the Northwest 
Pacific region where intense typhoons form.Pacific region where intense typhoons form.

Intense typhoon Intense typhoon 
formation regionformation region
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ExtraExtra--Tropical Cyclone VariabilityTropical Cyclone Variability

ExtraExtra--tropical tropical 
cyclones cyclones gain their gain their 
energyenergy from latitudinal from latitudinal 
temperature contrasts temperature contrasts 
between between coldcold, polar , polar 
air masses and air masses and warmwarm, , 
subtropical air subtropical air 
masses. masses. 

Since this temperature Since this temperature 
gradient is greatest in gradient is greatest in 
winter, the winter, the frequency frequency 
and intensityand intensity of extraof extra--
tropical cyclones tropical cyclones 
peaks in peaks in winterwinter. . 



26

Winter NAO 1950/1Winter NAO 1950/1--2005/6 2005/6 
(10yr running mean)(10yr running mean)

More storms More storms 
than normthan norm

Less storms Less storms 
than normthan norm

Interannual Interannual 
variability in variability in 
North Atlantic North Atlantic 
extraextra--tropical tropical 
cyclone cyclone 
occurrence is occurrence is 
linked strongly linked strongly 
to yearto year--toto--year year 
variability in variability in 
the the winter winter 
North Atlantic North Atlantic 
Oscillation Oscillation 
(NAO).(NAO).
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SummarySummary
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2007 Outlook2007 Outlook
Hurricanes: Hurricanes: Activity expected to be ~40% above Activity expected to be ~40% above 
19501950--2006 norm.2006 norm.
U.S. Hurricanes:  U.S. Hurricanes:  Activity expected to be ~20% Activity expected to be ~20% 
above 1950above 1950--2006 norm.2006 norm.

NW Pacific typhoonsNW Pacific typhoons: Activity expected to be : Activity expected to be 
close to the 1965close to the 1965--2006 norm.2006 norm.

Winter NAO: Winter NAO: Expected to be slightly belowExpected to be slightly below--norm. norm. 
European winter storminess expected to be      European winter storminess expected to be      
1010--20% below20% below--norm. norm. 
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