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Assessment of risk requires
skillful probabillistic forecasts

Are there verifiable changes in the number of
storms globally/regionally that allow an
assessment of future risk to be determined?

Are these changes cyclic, are they part of a trend
associated with global warming? (Holland-
Webster talk)

Are there techniques that allow the forecasting of
tropical storms on the decadal, interannual,
seasonal,10-30 day time scales, 1-10 day, that
allow the assessment of risk?
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

Georgialnstitute
off Technologyy




Area of the warmest water Is increasing In the tropics

(i) Area warm enough for
>26.5°C

tropical storms
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(i) Area warm enough for major tropical storms

to form

% Area Relative to Annual Cycleﬁw
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

to form
During last 80 years, area in which
hurricanes for has increased by 25%

During the same period, region where
major storms (cat 4&5) form has
increased by 60%.

Change in last 30 years is largest.



Change In global area where major storms can develop
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GLOBAL SURVEY OF TROPICAL STORMS
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Changes In sea-surface temperature: North Atlantic

(i) Area warm enough for hurricanes to form

DuickTime™ and a
ssed) decompressor
to see this picture.

(i) Area warm enough for major hurricanes to form




Changes hurricane SST threshold: North Atlantic
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Major hurricane SST threshold: North Atlantic




Changes in SST area > 28C during last 90 years




Changes in SST area > 28C during last 90 years
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Hurricane Development in NE-ATL

)

« Constrained to a narrow latitudinal band, with remarkably sharp cutoff at 10 N;
« Extends from Africa to the Windward Islands, less formation in eastern Caribbean

» Source of many major hurricanes that have effected the US
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Forecast starting 15 April: MJJAS Forecast starting 1st May: JJASO
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EUROSIP Operational Seasonal Forecast
Forecasts starting on 1st June 2006: JASON
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Assessment of predictions 2005-2006

e 1983-2005:
European climate model: Correlation 0.75
Gray empirical: Correlation 0.43
e 2005:

European forecast 22+ (27)

Gray empirical 15 (27)
e 2006:

European forecast 12 (9)

Gray empirical 17(9)




Atlantic Hurricane Forecast April 2007

CSU: 17 named storms (explains <20% variance last 24
years)

TSR: 16.1 tropical storms. 85% chance in top 1/3 of
years In terms of storm activity

IRI:  40% probability of higher than average tropical
cyclone activity (but also 30% chance of average,

30% chance of below average

EUROSIP: 12 named storms




ECMWE forecast of
SST In Central/East
Pacific Ocean
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How well do models simulate
hurricanes?

Do hurricanes simulate credible hurricane
characteristics

What is the impact of increasing the
resolution of the models?

IS It necessary to develop hybrid (numerical
model with statistical rendering)?

What would such a scheme look like?
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Impact of model resolution: storm tracks
Tropical storm tracks June-October 2005
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Impact of model resolution: storm tracks
Tropical storm tracks June-October 2005

G!

F. Vitart




High resolution simulations of tropical storms

Weather Research and Forecast Model (WRF)

* Tropical Channel (30 S-45 N) O Genesis 1000 hPa Winds
* 36 Km resolution

Category 4 Hurricane (~62 m/s)




High resolution simulation of tropical storms

Weather Research and Forecast Model (WRF)

O Genesis
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Product

Tool

Medium-Range
Forecasts

Day 1-15

|| Atmospheric model ||

T

|| Wave model ||

Seasonal
Forecasts

Monthly
Forecast

Day 10-32 Month 2-6

|| Atmospheric model ||

T

|| Wave model ||

A 1212

|| Ocean model ||




Summary and future work

 1-5 and maybe 1-10 day forecasts handled well with
ECMWEF operational forecasts. Most useful for
emergency planning.

 Significant skill (number, formation regions and general
tracks of storms) apparent on the 1-6 month range using
ECMWF climate model.

« How to handle the intermediate 10-30 day range? Most
useful for financial markets and longer term risk
minimization. Quite likely, success will come from hybrid
approach using statistical-numerical model mix.




What would a “hybrid” system look like?

« ECMWF 1-15 day probabilistic (15-30 day) outlooks

In conjunction with..........

* Forecasts of the genesis factors
« Empirical estimates of genesis factor

a few detalls........




-»> SST
=»> \Wind Shear

=» Stretching Deformation

=» Specific Humidity

Relative differences in
the background state
are used to estimate
hurricane genesis and
development risk

~

™ Hurricane Formation and Intensification

> Genesis and
development
risk

—> Easterly waves

—— Hurricane tracking




Easterly Waves Approximately two easterly waves per
week travel from Africa to North

America during hurricane season

detection
About 60% of the Atlantic tropical storms
19‘;3 and minor hurricanes (categories 1 and 2)
- originate from easterly waves.
- ERA 40 J Y
| 200 Nearly 85% of the intense hurricanes have
1 their origins as easterly waves.




Storms Affecting the Gulf

About 44% of these storms
About 28% of all tropical storms propagate into the Gulf from the
and hurricanes enter the Gulf Easterly Wave Region (ERW)

Average Max. Wind Speed of Storms starting in the EWR is 96 mph (Hurricane Cat. 2)

Average Max. Wind Speed of Storms starting elsewhere is-62-mph(Tropical Storm)—-



Some Examples




Automatic detection of easterly waves

One single Wave

Relative Vorticity

Automatic detection allows objective historical and real time

tracking of every easterly wave



1-15 day Risk Assessment

Probability of an African easterly wave to
become a tropical storm, hurricane, and major
hurricane.

<H Average speed |47

+ Relative vorticity
anomaly

A

~ Easterly waves that became hurricanes
seem to have:

v

slower velocity of propagation

v

strong relative vorticity anomaly.




Analysis of historical atmospheric and
oceanic conditions of regions in the
easterly wave propagation path

~_— Predictors

- Moister atmosphere

Easterly waves that develop into TS > Lower Wind Shear

and Hurricanes enter to an —_
environment characterized by —> Higher SST

—> Negative stretching def.

Relative differences in the background state are us  ed to estimate the probability of
an easterly wave to become a hurricane:

Estimation of Probability Density Functions-RBH




Real Time tracking of an easterly wave

Combined analysis of the ECMWF
ensemble forecasts and the current state
of the ocean and atmosphere with the
historical Background state PDFs

Estimation of tropical storm and hurricane
development probability from easterly wave
activity




