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Summary

The 2005 hurricane seasonwas the most active and destructive on record. Numerous
seasonal,monthly and single storm records were set. The TSR probabilistic forecasts
successfullypredicted theabove-averageactivity to high probability from December2004.
The 7th July and 5th August forecastupdatespredicted that basin hurricane activity in
2005would bein the top onethird of yearshistorically to 97% and 100% probability, and
U.S. landfalling hurricane activity would be in the highestonethird of yearshistorically
to 82% and 85% probability.

TheTropical StormRisk (TSR) consortiumpresentsa summaryof the record-breaking2005
North Atlantic hurricane seasonand a validation of their seasonalprobabilistic and
deterministicforecastsfor this activity. Theseforecastswere issuedmonthly from the 10th
December2004to the5th August2005.Theyincludeseparatepredictionsfor tropicalstorms,
hurricanes,intensehurricanesandtheACE (AccumulatedCycloneEnergy)index,eachgiven
for the following regions:North Atlantic basin,tropical North Atlantic, U.S. landfalling,and
CaribbeanLesserAntilles landfalling.Thetercileprobabilityforecastsall provedhighly skillful
anticipatingtheabove-averageactivity to high probabilityat all leads.TheTSRdeterministic
forecastswerealsoall skillful (i.e.predictingactivitywell abovethelongtermnorm).However,
with theexceptionof theearlyAugustforecastthesegreatlyunderestimatedtheextremevalues
for overall basin and U.S. landfalling hurricane activity.

Records Set by the 2005 Atlantic Hurricane Season

a) Seasonal records:

• Most tropical storms: 27. Previous record was 21 set in 1933.

• Most hurricanes: 15. Previous record was 12 set in 1969.

• Most category5 hurricanes:4 (Emily, Katrina,Rita andWilma). Previousrecordwas2 set
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in 1960 and 1961.

• Most major (Cat3 or greater)hurricanesto strike theU.S.:4. Previousrecordwas3 setin
1893, 1909, 1933, 1954 and 2004.

• Most U.S. insureddamagein a hurricaneseason:US $ 50 billion. Previousrecordwas
approx US $ 29 billion (normalised to 2005 dollars) set in 1992 and 2004.

• Latest end to a hurricane season: January 6. Previous record was January 5 set in 1954/5.

b) Notable near seasonal records:

• Secondhighestnumberof tropicalstormsto strike theU.S.:7. Therecordis 8 setin 1916
and 2004.

• Secondhighestnumberof hurricanesto kill 1000+people:2 (KatrinaandStan).Therecord
is 3 set in 1780.

• Second most major (Cat 3 or greater) hurricanes: 7. The record is 8 set in 1950.

c) Monthly records:

• Most named tropical storms forming in July: 5.

• Most major hurricanes forming in July: 2.

• Most named tropical storms forming in November: 3.

d) Single storm records:

• Most damaging hurricane (and U.S. natural disaster) ever: Katrina - insured loss of approx
US$ 38billion. Previousrecordfor ahurricaneinsuredlossis US$ 29billion (normalised
to 2005 dollars) set by hurricane Andrew in 1992.

• Greatest storm surge from an Atlantic hurricane: 28-30 feet from Katrina in Gulfport, Mis-
sissippi. Previous record was 24.6 feet set by hurricane Camille in 1969.

• Most intense hurricane ever: Wilma had a central pressure of 882 mb. Previous record is
888 mb set by hurricane Gilbert in 1988.

• DennisandEmily becamethemostintensehurricanesonrecordbeforeAugustwith central
pressures of 930 mb and 929 mb respectively.

• Vincewasthefurthestnorthandeastthata tropicalcyclonehasever formedin theAtlantic.
Vince was also the first tropical cyclone on record to strike the Iberian Peninsula.
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*Insurance Information Institute (http://www.iii.org)

Indi vidual Storm and US Insured Loss Summary 2005

No.   Name Dates Peak
Wind
(kts)

Minimum
Pressure

(mb)

Hurricane
Category

Category
at US

Landfall

Estimated
InsuredLoss
(US $ bn)*

1 Arlene 8-13 Jun 60 989 - TS -

2 Bret 28-30 Jun 35 1002 - - -

3 Cindy 3-7 Jul 65 992 1 TS -

4 Dennis 5-13 Jul 130 930 4 3 1.1

5 Emily 11-21 Jul 140 929 5 - -

6 Franklin 21-29 Jul 60 997 - - -

7 Gert 23-25 Jul 40 1005 - - -

8 Harvey 2-8 Aug 55 994 - - -

9 Irene 4-18 Aug 90 975 2 - -

10 Jose 22-23 Aug 45 1001 - - -

11 Katrina 23-31 Aug 150 902 5 3 38.1

12 Lee 28 Aug - 2 Sep 35 1007 - - -

13 Maria 1-10 Sep 100 960 3 - -

14 Nate 5-10 Sep 80 979 1 - -

15 Ophelia 6-18 Sep 75 979 1 - 0.8

16 Philippe 17-24 Sep 70 985 1 - -

17 Rita 18-26 Sep 155 897 5 3 4.7

18 Stan 1-5 Oct 70 979 1 - -

19 Tammy 5-6 Oct 45 1001 - TS -

20 Vince 9-11 Oct 65 987 1 - -

21 Wilma 15-25 Oct 160 882 5 3 6.1

22 Alpha 22-24 Oct 45 998 - - -

23 Beta 27-31 Oct 100 960 3 - -

24 Gamma 18-21 Nov 45 1004 - - -

25 Delta 23-28 Nov 60 980 - - -

26 Epsilon 29 Nov - 8 Dec 75 979 1 - -

27 Zeta 30 Dec - 6 Jan 55 994 - - -
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Verification of Forecasts

1. North Atlantic Hurricane Activity

(a) Deterministic Forecasts: North Atlantic Hurricane Acti vity 2005

ACE
Index

(x104kts2)

 Intense
Hurricanes

Hurricanes Named
Tropical
Storms

Average Number (±SD) (1950-2004) 98 (±57) 2.6 (±1.8) 6.0 (±2.4) 9.9 (±3.3)

Actual Number 2005 250 7 15 27

TSR Forecasts (±SD)

5 Aug 2005 249 (±36) 6.6 (±1.2) 11.4 (±1.5) 22.1 (±2.3)

7 Jul 2005 190 (±42) 4.1 (±1.5) 8.8 (±1.9) 15.3 (±2.4)

7 Jun 2005 159 (±42) 3.5 (±1.4) 7.8 (±1.9) 13.8 (±2.2)

5 May 2005 158 (±44) 3.6 (±1.4) 7.8 (±2.1) 13.9 (±2.6)

5 Apr 2005 155 (±50) 3.6 (±1.5) 7.8 (±2.1) 13.9 (±2.9)

7 Mar 2005 156 (±52) 3.6 (±1.6) 7.9 (±2.3) 14.0 (±3.2)

9 Feb 2005 151 (±53) 3.5 (±1.6) 7.7 (±2.3) 13.6 (±3.3)

5 Jan 2005 157 (±56) 3.6 (±1.6) 7.8 (±2.4) 13.9 (±3.5)

10 Dec 2004 145 (±56) 3.4 (±1.6) 7.5 (±2.5) 13.4 (±3.6)

Gray Forecasts

5 Aug 2005 - 6 10 20

31 May 2005 - 4 8 15

1 Apr 2005 - 3 7 13

3 Dec 2004 - 3 6 11

NOAA Forecasts
2 Aug 2005 158-236 5-7 9-11 18-21

16 May 2005 105-166 3-5 7-9 12-15

Meteorological Insti-
tute, Cuba Forecasts

1 Aug 2005 - - 9 20

2 May 2005 - - 7 13

(b) Probabilistic Forecasts: North Atlantic Total ACE Index 2005

Tercile Probabilities
RPSS

below normal above
Actual 2005 0 0 100 1

Climatology 1950-2004 33.3 33.3 33.3 0

TSR Forecasts

5 Aug 2005 0 0 100 1

7 Jul 2005 0 3 97 0.997

7 Jun 2005 2 12 86 0.948

5 May 2005 2 13 85 0.940

5 Apr 2005 4 16 80 0.899

7 Mar 2005 4 16 80 0.899

9 Feb 2005 6 18 76 0.860

5 Jan 2005 6 16 78 0.884

10 Dec 2004 8 20 72 0.813

NOAA Forecasts
2 Aug 2005 0 2.5 97.5 0.998

16 May 2005 10 20 70 0.790
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2. MDR, Caribbean and Gulf of Mexico Hurricane Activity

TheAtlanticMainDevelopmentRegion(MDR)is theregion10oN- 20oN,20oW- 60oWbetween
the CapeVerdeIslandsand the Caribbean.A stormis definedas havingformedwithin this
region if it reachedat leasttropical depressionstatuswhile in thearea.Mostof the infamous
Atlantic basin hurricanes formed within the MDR,Caribbean Sea and Gulf of Mexico.

TSRsuccessfullypredictedthattropicalstormactivity in theAtlantic would bewell abovethe
long termaverageat all leads.TheTSRAugustforecastperformedbestoverall,althoughthe
ACE indexwasslightly overpredicted.TheAugustforecastoutperformedall othercompeting
forecastsand the Decemberand April forecastsoutperformedGray’s Decemberand April
forecasts. For more details on Gray’s forecasts see http://typhoon.atmos.colostate.edu/
forecasts/.

In termsof the rank probability skill score(RPSS) all TSR forecastsoutperformedNOAA’s

(a) Deterministic Forecasts: MDR, Caribbean and Gulf Hurricane Activity 2005

ACE
Index

(x104kts2)

Intense
Hurricanes

Hurricanes Named
Tropical
Storms

Average Number (±SD) (1950-2004) 76 (±58) 2.3 (±1.8) 4.2 (±2.4) 6.9 (±3.2)

Actual Number 2005 141 5 9 16

TSR Forecasts (±SD)

5 Aug 2005 227 (±40) 6.5 (±1.1) 9.9 (±1.7) 18.1 (±2.1)

7 Jul 2005 172 (±44) 4.0 (±1.4) 7.0 (±1.8) 11.5 (±2.2)

7 Jun 2005 141 (±43) 3.4 (±1.3) 6.0 (±1.9) 10.0 (±2.3)

5 May 2005 140 (±45) 3.5 (±1.3) 6.0 (±2.0) 10.1 (±2.7)

5 Apr 2005 138 (±51) 3.5 (±1.5) 6.0 (±2.2) 10.1 (±3.1)

7 Mar 2005 138 (±55) 3.5 (±1.5) 6.1 (±2.4) 10.2 (±3.5)

9 Feb 2005 133 (±56) 3.4 (±1.5) 5.9 (±2.4) 9.8 (±3.6)

5 Jan 2005 139 (±59) 3.5 (±1.6) 6.0 (±2.5) 10.1 (±3.7)

10 Dec 2004 128 (±59) 3.3 (±1.6) 5.7 (±2.6) 9.6 (±3.8)

(b) Probabilistic Forecasts: MDR, Caribbean and Gulf ACE Index 2005

Tercile Probabilities
RPSS

below normal above
Actual 2005 0 0 100 1

Climatology 1950-2004 33.3 33.3 33.3 0

TSR Forecasts

5 Aug 2005 0 0 100 1

7 Jul 2005 0 3 97 0.997

7 Jun 2005 1 11 88 0.960

5 May 2005 1 13 86 0.945

5 Apr 2005 2 16 82 0.912

7 Mar 2005 3 16 81 0.906

9 Feb 2005 4 18 78 0.876

5 Jan 2005 4 17 79 0.888

10 Dec 2004 6 20 74 0.833
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May forecast.All of theTSRforecastshadveryhighskill with aRPSSof atleast0.8atall leads.
The Augustforecastperformedbestoverall andhadperfectskill. The July forecasthadnear
perfect skill and was comparable to NOAA’s August forecast skill.

All probabilisticforecastsshowedhighpositiveskill with theAugustforecastshowingperfect
skill andtheJuly forecastshowingnearperfectskill. Forall leadstheRPSSwasabove0.8and
from March onwards it was above 0.9.

3. US Landfalling Hurricane Activity

a) Deterministic Forecasts

b) Probabilistic Forecasts

US Landfalling Hurricane Acti vity 2005

ACE
Index

(x104kt2)

Hurricanes Named
Tropical
Storms

Average Number (±SD) (1950-2004) 2.3 (±2.1) 1.5 (±1.3) 3.1 (±2.0)

Actual Number 2005 5.0 4 7

TSR Forecasts (±SD)

5 Aug 2005 4.4 (±1.7) 3.4 (±1.5) 7.4 (±2.3)

7 Jul 2005 4.3 (±1.9) 2.2 (±1.5) 5.7 (±2.1)

7 Jun 2005 3.6 (±1.9) 2.0 (±1.6) 4.2 (±2.1)

5 May 2005 3.6 (±1.8) 2.0 (±1.5) 4.2 (±2.0)

5 Apr 2005 3.6 (±1.8) 2.0 (±1.6) 4.3 (±2.0)

7 Mar 2005 3.6 (±1.9) 2.0 (±1.6) 4.3 (±2.1)

9 Feb 2005 3.5 (±1.9) 2.0 (±1.6) 4.2 (±2.2)

5 Jan 2005 3.6 (±2.0) 2.0 (±1.7) 4.3 (±1.9)

10 Dec 2004 3.4 (±2.0) 1.9 (±1.7) 4.1 (±2.2)

US Landfalling ACE Index 2005

Tercile Probabilities
RPSS

below normal above
Actual 2005 0 0 100 1

Climatology 1950-2004 33.3 33.3 33.3 0

TSR Forecasts

5 Aug 2005 0 15 85 0.933

7 Jul 2005 4 14 82 0.920

7 Jun 2005 9 21 70 0.787

5 May 2005 8 21 71 0.798

5 Apr 2005 9 21 70 0.787

7 Mar 2005 9 20 71 0.802

9 Feb 2005 11 22 67 0.746

5 Jan 2005 10 20 70 0.790

10 Dec 2004 13 22 65 0.718
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The2005seasonwasanotherveryactiveyearfor USlandfallingtropicalstorms.Sevenstorms
andfour hurricanesstrucktheU.S..All thehurricaneswhich impactedtheU.S.wereintense
setting a new record. In addition, hurricaneOphelia passedjust 15 miles from the North
Carolinacoastlinebringinghurricaneforcewindsonshore.TheUSACE indexof 5.8is thefifth
highestsince1950.All thehurricanesmadelandfallalongtheUSGulf coast,severelyaffecting
oil andgasproduction.TheTSRforecastsall predictedaboveaveragelandfallingactivity but
underpredictedthemagnitude.TheAugustforecast(SaundersandLea,2005)performedbest
overall correctly predicting the number of tropical storm landfalls.

All probabilisticforecastsshowedsignificantpositiveskill with anRPSSskill scoreof at least
0.7. The July and August landfalling forecasts performed best overall with aRPSS above 0.9.

4. Lesser Antilles Landfalling Numbers

Despitetheoverallunprecedentedactivity, landfallingactivity in theLesserAntilles wasonly
average.Onehurricane,Emily, madelandfallnearGrenada,theislanddevestatedby hurricane
Ivan in 2004. The lower than expectedLesserAntilles landfalling activity was due to the
relatively low MDR activity for such an active year and becausemost hurricanesdid not
developuntil theyhadtrackedbeyondor well awayfrom theLesserAntilles. TheTSRAugust
forecast correctly predicted the number of hurricanesat all leads except August, but
overpredicted the ACE index. In general forecasts at earlier lead times performed best overall.

Environmental Factors in 2005

1. Contemporaneous Influences

The basictenetof soundseasonalhurricaneforecastingis to forecastthe key environmental
conditionsat theheightof theAtlantic hurricaneseasonin AugustandSeptember.TSR’stwo
predictorsaretheforecastJuly-September2005tradewind speedover theCaribbeanSeaand
tropicalNorthAtlantic, andtheforecastAugust-September2005seasurfacetemperaturein the
hurricanemaindevelopmentregion.Theformerinfluencescyclonicvorticity (thespinningup
of storms)in the main hurricanetrack region,while the latter providesheatandmoistureto

Lesser Antilles Landfalling Hurricane Activity 2005

ACE
Index

(x104kts2)

Intense
Hurricanes

Hurricanes Named
Tropical
Storms

Average Number (±±SD) (1950-2004) 1.4 (±2.1) 0.3 (±0.5) 0.5 (±0.7) 1.4 (±2.1)

Actual Number 2005 1.3 0 1 1

TSR Forecasts (±SD)

5 Aug 2005 5.4 (±1.9) 0.6 (±0.4) 2.0 (±0.6) 3.2 (±0.7)

7 Jul 2005 3.5 (±2.1) 0.5 (±0.4) 0.9 (±0.6) 2.1 (±0.9)

7 Jun 2005 2.9 (±2.0) 0.4 (±0.4) 0.8 (±0.6) 1.8 (±0.9)

5 May 2005 2.8 (±2.2) 0.4 (±0.4) 0.8 (±0.6) 1.8 (±0.9)

5 Apr 2005 2.8 (±2.3) 0.4 (±0.4) 0.8 (±0.6) 1.8 (±1.0)

7 Mar 2005 2.8 (±2.4) 0.4 (±0.4) 0.8 (±0.6) 1.8 (±1.0)

9 Feb 2005 2.7 (±2.4) 0.4 (±0.4) 0.7 (±0.6) 1.8 (±1.0)

5 Jan 2005 2.8 (±2.4) 0.4 (±0.4) 0.8 (±0.6) 1.8 (±1.0)

10 Dec 2004 2.6 (±2.4) 0.4 (±0.4) 0.7 (±0.6) 1.7 (±1.0)
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power incipient storms in the main track region. The specific predictor values and regions are:

1.  Jul-Sep Caribbean 925hPa U-Winds [7.5oN-17.5oN, 30oW-100oW] (CAR U).
2.  Aug-Sep SSTs in the Main Development Region [10oN-20oN, 10oW-60oW] (MDR SST).

Theclimatologyfor CAR U is -6.4ms-1 (with the-ve signindicatinganeasterlywind). When
thetradewindspeedis lighterthanaverage(+veu-windanomaly),cyclonicvorticity within and
to the immediatenorth of the CAR U region is enhanced.The primary factor controlling
anomaliesin summertradewind speed(CAR U) is the anomalyin the zonal SST gradient
between the east Pacific (ENSO region) and the Caribbean Sea.

2. Predictor Verification

All the TSR forecastsfor CAR U and MDR SST showedpositive skill and anticipatedthe
correctanomalysign.TheearlyJuly forecastsprovedthemostskillful for bothpredictorswith
theearlyAugustforecastoverpredictingthetradewind anomaly.TheMDR SSTanomalythis
yearwasthehighestsincereliablerecordsbeganin 1950;afactorbehindwhy themagnitudeof
the SSTanomalywasunderpredictedespeciallyat earlier leads.Despitethe very favourable
predictorstheMDR activity thisyearwasonly averageandmajorstormstendedto form further
westin theCaribbean,Gulf of Mexicoor Bahamasregion.As aresult,theMDR, Caribbeanand
Gulf activity waswell predictedat longerleadsdespitetheSSTandtradewind anomaliesbeing
underpredicted.

Definitions and Verification Data

Theverificationis madeusingtrackandintensitydataobtainedfrom theUSNationalHurricane
Center(http://www.nhc.noaa.gov)and from the Unisys Weather(http://weather.unisys.com)
websites. Position and maximum windspeedsare suppliedat 6-hour time intervals. We
interpolate these to 1 hour intervals for deducing the landfalling ACE indices.

Rank Probability Skill Score

The probabilisticskill measureemployed is the rank probability skill score(RPSS) (Epstein
1969;Wilks 1995;Goddardetal 2003).Computationof RPSSbeginswith therankprobability

Predictor Verification 2005

JASCARU
(ms-1)

AS MDR
SST (o¡C)

Actual Value 2005 (1975-2004 Anomaly) 0.93 0.73

TSR Forecasts (±SD)

5 Aug 2005 1.44 (±0.41) 0.57 (±0.13)

7 Jul 2005 0.83 (±0.54) 0.60 (±0.17)

7 Jun 2005 0.52 (±0.53) 0.43 (±0.22)

5 May 2005 0.56 (±0.60) 0.35 (±0.24)

5 Apr 2005 0.62 (±0.68) 0.24 (±0.25)

7 Mar 2005 0.66 (±0.75) 0.20 (±0.26)

9 Feb 2005 0.54 (±0.74) 0.26 (±0.27)

5 Jan 2005 0.62 (±0.79) 0.27 (±0.28)

10 Dec 2004 0.49 (±0.79) 0.24 (±0.28)
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score (RPS) which is defined as:

whereNcat = 3 for tercile forecasts.ThevectorCPFm representsthecumulative probabilityof
theforecastup to category m, andCPOm is thecumulative observedprobabilityup to category
m. Theprobabilitydistribution of theobservation is 100%for thecategory thatwasobserved
andis zerofor theothertwo categories.For a perfectforecastRPS= 0. TheRPSis referenced
to climatology to give theRPSS which is defined as:

whereRPSfcst is the RPSof the forecastandRPSref (=RPScl) is the RPSof the climatology
forecast. The maximumRPSS is 1; a negativeRPSS indicates skill worse than climatology.

Total ACE Index = AccumulatedCycloneEnergy Index = Sumof theSquaresof
6-hourlyMaximumSustainedWind Speeds(in unitsof knots)
for all Systems while they are at least Tropical Storm
Strength. ACE Unit = x104 knots2.

US ACE Index = Sum of the Squaresof hourly Maximum Sustained Wind
Speeds(in units of knots) for all Systemswhile they are at
least Tropical Storm Strengthand over the USA Mainland
(reduced by a factor of 6). ACE Unit = x104 knots2.

Lesser Antilles ACE Index = Sum of the Squaresof hourly Maximum Sustained Wind
Speeds(in units of knots) for all Systemswhile they are at
least Tropical Storm Strengthand within the boxed region
(10oN-18oN,60oW-63oW) (reducedby a factor of 6). ACE
Unit = x104 knots2.

Intense Hurricane = 1 minute sustained winds > 95kts (110mph).
Hurricane = 1 minute sustained winds > 63kts (73mph).
Tropical Storm = 1 minute sustained winds > 33kts (38mph).
SD = Standard Deviation.
Terciles = Datagroupingsof equal(33.3%)probabilitycorrespondingto

the upper, middle and lower one-thirdof valueshistorically
(1950-2004).

USA Mainland = Brownsville (Texas) to Maine.
Lesser Antilles = Island Arc from Anguilla to Trinidad Inclusive.
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Tropical Storm Risk.com (TSR)

Tropical StormRisk.com(TSR) is a venturewhich hasdevelopedfrom the UK government-
supportedTSUNAMI initiative project on seasonaltropical cyclone prediction. The TSR
consortiumcomprisesexpertsoninsurance,risk managementandseasonalclimateforecasting.
The TSR industry expertiseis drawn from Benfield, the leading independentreinsurance
intermediary, Royal & SunAlliance, the global insurancegroup, and from Crawford &
Company, aglobalclaimsmanagementsolutionscompany. TheTSRscientificgroupingbrings
together climate physicists, meteorologistsand statisticiansat UCL (University College
London) and theMet Office. TSR forecasts are available from http://tropicalstormrisk.com.
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