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Questions to be discussed 

Has the frequency of North Atlantic hurricanes increased? 

Do hurricanes come in clusters? 

What are the risk management implications of the above? 
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Normalised Economic Losses of the 50 Costliest N.A. Hurricanes since 1900 

(graph since 1950) 

Å Based on Weinkle J et al (2018) 

Å Historical losses approximately 

adjusted for both inflation and 

exposure 

 

Å Increasing Trend 

Å In the last few decades 

hurricane losses are driven by 

both  

ï the single very big 

hurricane and 

ï higher frequency of 

several costly hurricanes 

Å Frequency has become more 

material 

 

Å Economic Loss different from 

Insured  

Å Limitations in data/methodology 
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How is this different from other work? 

ÅClimatologists focus more on 
the physics of hurricanes 
ÅUse of different measures such as 

Power Dissipation Index (PDI) 

ÅUpdated work of academics 

ÅWe focus on insurance related 
issues 
ÅMajor hurricanes 

ÅHigh level validation 

ÅImpact 

What do we cover? 

ÅGroups of major hurricanes 
ÅClimatology and Features 

ÅChange in frequency and 
volatility over time 
ÅActual vs Modelled 

ÅUS Landfalls 

ÅImplications  
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Tropical Storms, Hurricanes, Major Hurricanes 
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Tropical cyclone categories (Saffir-Simpson) 

ÅTropical Depression (<34kn or <63km/h) 

ÅTropical Storm / named storm ( 34 ï 63kn or 63-

118 km/h) 

ÅHurricane:  

 Cat 1 (64-82kn or 119-153 km/h) and  

 Cat 2 (83-95kn or 154-177 km/h) 

ÅMajor Hurricane:  

 Cat 3 (96-112kn or 178-208km/h),  

 Cat 4 (113-136kn or 209-251km/h),  

 Cat 5 (>136kn or >252kmh) 

 

ÅAn efficient heat engine (see Emanuel K. (2006)) 



Our Research 

Å Examines the trends in the annual number of major hurricanes in the North 

Atlantic 

 

ï Major hurricane: hurricane of category 3 or higher on the Shaffir-

Simpson scale (>95knots) at some point in their life-time. (Basin-

wide) 

ï When we are considering landfalls  

Åwe consider landfalls at Continental US. This means landfalls at 

latitudes higher than 24 degrees north (which includes Bermuda) 

ÅWe consider all landfalls of hurricanes which became major at some 

points in their lives. These hurricanes they did not necessarily make 

landfall as major hurricanes. 

 

Å Looks into the risk implications for insurers 
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Focus on number of major hurricanes, but 
 

Focus on frequency (numbers), but frequency NOT the only factor: 
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ÅHurricane Sandy (2012) made landfall in NJ, NY and CT as 
a tropical storm, but exposures were high, size was huge, 
tide was high and surge 

Location and 
Exposures 

Intensity at Landfall 

ÅThe majority of fatalities are caused by flooding and surge 

ÅFlooding is not covered for residential properties  

Rainfall, Surge and                          
Flooding 

ÅThe larger the hurricane, the larger the affected area and the 
longer it takes to pass through an area  Size of hurricane 

ÅThe forward speed of the hurricane adds to its anti- clockwise 
wind speed. Slow down increase rain damage 

Forward speed of 
hurricane 

Other 



Major Hurricanes Frequency follows  

North Atlantic Sea Surface Temperature Trend? 

Å Atlantic Multi-decadal Oscillation (AMO), sulphate aerosols in atmosphere  

Å Solid Lines are smoothing curves 
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Issues with the Data 

Hurricane data (HURDAT) 

ÅAircraft Reconnaissance in the 40s 

ÅSatellite imaging in the 60s 

Åmicro wave and  GPS waves 

ÅPossible missing hurricanes before 50s 

Sea Surface Temperature data (NOAA SST) 

ÅShips: wooden buckets or engine room 

ÅSatellites: radiation  

ÅFloats and drifts complimenting each other 

ÅDifferent sea depths  

Records for only three peaks of SST cycle 

ÅScientist use indirect methods to extend the period over which have information 
on SST and hurricanes (paleotempestology) 

We analyse Major Hurricanes after 1950 
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Hurricane Groups and their Climatology 
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Hurricane Groups 

Different statistical clustering 

methods give different groups of 

hurricanes 

 

Hurricane Groups were created by 

statistical cluster analysis by 

Professor Suzanna Camargo 

http://www.ldeo.columbia.edu/~suza

na/ 

and Dr James Kossin 

http://www.ssec.wisc.edu/~kossin/ 

updating their 2010 paper to include 

hurricanes up to and including 2017 

https://journals.ametsoc.org/doi/10.1

175/2010JCLI3497.1 
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Group 1 

Further from the Equator,  

usually not very strong, 

curve up, few landfalls 

 

 

Group 4 

Near the equator and west 

straight paths  

towards Florida and  Gulf 

 

Example: Andrew, Irma, Maria 

Climatology of Hurricane Groups 
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Group 3 

Near the equator and east  

time to gather energy,  

curve up  

 

Example: Hugo, Florence 
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Gulf, no time to gather energy 

High probability of landfall 

 

Example: Katrina, Harvey 
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Hurricane Groups 

ÅClimatology (location, SST, energy, etc.) 

ÅAreas of landfall and intensity 

ÅProbabilities of landfall 

ÅDifferent groups are affected by different factors 

Grouping of hurricanes helps analysis and understanding 

ÅGrouping not unique, it depends on the statistical clustering 
method and parameters 

Statistical Cluster Analysis 
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Has the Frequency of Major Hurricanes Increased?  

16 



Numbers and Volatility of major HU have been increasing (groups 3 &4) 

Group 3: 

Periodic pattern?  

Poisson 

 

 

 

Group 4: 

Statistically 

Significant increase  

Volatility higher than 

Poisson 
 

Shadows: 95% C.I. 
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Discussion on Findings (1) 

Å The data is limited 

ï Yes, in the future we may want to combine statistical models with 

atmospheric models  

ï BUT, what we see in the data can not be ignored and it can be tested 

statistically 

Å Group 4 (1950 ï 2017): Variance is ~50% higher than mean 

ï Poisson fixed mean: About 1% probability of this happening by chance! 

ï Probability is significantly lower if we consider period 1980 ï 2017 

Å Group 4 (1950 ï 2017): three years with 4 major hurricanes 

ï Poisson fixed mean: about 2% probability of this happening by chance! 

Å Group 4 (1950 ï 1979):  

ï No obvious over-dispersion.  

ï All is happening after 1980! 
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Discussion on Findings (2) 

Small amount of data: you remove a point, you get a different model 

Å Yes, BUT 

ï Group 4: Point with highest leverage is year 2017 

ï Remove 2017 (1950ï2016)->Group 4: variance 35% higher than mean.  

   Poisson fixed mean: 3% probability of this happening by chance.  

   Therefore over-dispersion is still there! 

 

 

 

 

 

Å Yes, BUT 

ï Small amount of data does not necessarily mean unstable model 

ï Remove any point from Group 3 and the model does not change much 

ï Remove some points from Group 4 and the model changes: 

ÅOver-dispersion 

ÅRapid unpredictable changes in model and mean ï this is even 

worse! 
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Probability of multiple continental US landfalls 

of major hurricanes in a year 
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Actual Continental US Landfalls since 1950 

Not many years with multiple events 
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Observed Major* Hurricanes US Landfalls 1950 - 2017 

Regional 

Groups 

Number of Years Return Periods 

2+ major 

hurricanes 

3+ major 

hurricanes 

2+ major 

hurricanes 

3+ major 

hurricanes 

Group 1 0 0 

Group 2 2 0 1 in 34 

Group 3 2 0 1 in 34 

Group 4 6 1 1 in 11 1 in 68 

All Groups 18 5 1 in 4 1 in 14 

* Major at 

some point in its 

lifetime 



Regional 

Group 

2 or more major* hurricanes 

making landfall in the US 

3 or more major* hurricanes 

making landfall in the US 

Current Fitted 

(2018) 

Observed Current Fitted 

(2018) 

Observed 

Group 1 1 in 400 <1 in 500 

Group 2 1 in 25 1 in 34 1 in 250 

Group 3 1 in 20 1 in 34 1 in 180 

Group 4 1 in 7 1 in 11 1 in 30  1 in 68 

All Groups 
1 in 2.5 1 in 4 1 in 7 1 in 14 
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Assumptions: 

ÅProbability of landfall constant over time. We will revisit 

ÅGroup frequency assumed independent 

ÅNegative Binomial for Group 4, Poisson for the other Groups  

* Major at 

some point in its 

lifetime 

Current fitted probabilities of multiple events higher than 

observed since 1950 



Recent Trends: Higher Number and Volatility 
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ÅGroup 3 and  4 hurricanes can hit areas with high exposures 

Increased expected numbers of major hurricanes (groups 3 &4) 

ÅGiving rise to years with multiple major hurricanes (clustering) 

Higher volatility in the number of Florida/Gulf hurricanes  

ÅParameterisation of cat models 

ÅRisk management 

Implications (discussion at the end) 



Have we observed similar trends for US landfalls data? 

Å Definition of landfall? 

ï Landfall as major hurricane? How about Ike? 

ï Landfall as hurricane? How about Sandy? 

ï Any landfall?  

 

 

Under most definitions, we observe over-dispersion for landfalls as well 

 

Å There is not necessarily an equally obvious increasing trend in the number of 

landfalls 

Å There is not necessarily an obvious trend in the probability of landfalls of 

major hurricanes over time, given that the hurricane occurred 

Å Smaller numbers, higher statistical uncertainty 
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Late Hurricanes 
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Hurricane season extended in high frequency years 

Time of the Year 

that Hurricanes 

Occur 

 

In high frequency 

years group 4 

hurricanes likely 

to also occur in 

October 
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Late major Hurricanes usually in Caribbean  

Most of the late Major HU 

start in the Caribbean 

(group 4) and  

have paths which tend to go 

north and east 

with  lower probability of 

hitting the US 

 

However,  

they could hit Florida or Gulf 

They can intensify very 

quickly. 

 

Be ware of the late 

hurricanes 

Wilma 2005, Michael 2018 

27 

-20

0

20

40

60

-100 -75 -50 -25 0

Longitude West

L
a
tit

u
d
e

Group

1

2

3

4

Major hurricanes' genesis location in October or later

-20

0

20

40

60

-100 -75 -50 -25 0

Longitude

La
tit

ud
e

Paths of Late Major Hurricanes

-20

0

20

40

60

-100 -75 -50 -25 0

Longitude West

L
a
tit

u
d
e

Group

1

2

3

4

Major hurricanes' genesis location in September

September 

genesis 
October 

genesis 

October 

paths 



Trends 

Over dispersion and Increasing Trend of Group 4 hurricanes 

Over dispersion of US Landfalls 

ÅInverse relation between SST and vertical wind shear near the US?  (e.g. 
Kossin (2017)) 

Mother Nature protects the US east coast? 

Åmost of them wonder off to the North Atlantic and do not hit the US, but they 
can strengthen very rapidly 

In high frequency years we observe October major hurricanes 

ÅThere is a slight negative correlation between the number of Group 3 and 4 
major hurricanes in a year recently 

There is some evidence (not strong) of some ñcrowding outò  
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Implications 
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