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Example of Hurricane Katrina

Tropical Storm Force Wind Speed Probabilities
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Observed Rainfall of Typhoon Morakot (2009)

From August 6 to 10, 2009, extraordinary rainfall was brought over
Taiwan by Typhoon Morakot, breaking 50 year’s precipitation record,
causing a loss of more than 700 people and estimated property damage
exceeding US$3.3 billion

(a) » | osen (b) _ * Objective analysis
~450 automatic stations

25°N

Accumulated rainfall:
(a) 96-h on August 6-10
(b) 24-h on August 8-9
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Typhoon Morakot (2009)
Max. 24-h gauge 1504 mm
Max. 96-h gauge 2874mm

at Chiayi County
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Question: What is the role of Taiwan topography in this extreme rainfall event?

Taiwan topography enhances and focuses the rainfall along the windward side of the mountain and thus
greatly amplifies the local rainfall extremes in the spatial distribution of rainfall, it plays a key role in making

Typhoon Morakot a record-breaking rainfall event.

With Taiwan topography Without Taiwan topography
* Intensive rainfall areas (>800 mm) well captured * Even rainfall distribution
« Extremes (>2500 mm) captured, with displacements | |* No obvious local rainfall enhancement
* Peak 3128 mm * Peak 616 mm, less than 20%
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Resolution makes difference for

IN NEST DOMAIN - M1.0:MM=1.D
2009 Trepical Cwclone Tracks

Storm: WRDS09 (MORAKOT)

Typhoon Morakot
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NHC TdrackForecast

- Best practice

(1) TC track prediction formula faxtlantic and East Pacific

OFCL=(1- a- b)* OFCl +a*TVCN+ b* (EMX....)

a ---aweighting for consensus b ---aveighting for norconsensus aid
OFCl-----Official NHC forecast
OFCGH---Previous cycle OFCL, adjusted (Interpolated)
TVCN---Average of at least 2 of GFSI, EGRI, NGPI, EMXI, HWFI, GFNI, GHMI (Consensus)

(2) TC track prediction formula faWest Pacific
JTWC=(1- a- b)* ITWI+a* CONW+ b* (ECM....)

a ---aeighting for consensus b ---weighting for norconsensus aid
JTWG--JTWC official forecast
JTWI--Previous cycle JTWC, interpolated
CONW---Consensus with AVNI, EGRI, ECMI, NGPI, JGSI, GFNI, MBATCLI,



Goerss Predicted Consensus Error (GPCE)
Goerss (2007), Mon. Wea. Reuv.

Estimates track error
based on the spread of

the members of the TVCN
track consensus

— Currently composed of:
GFS, ECMWF, UKMET,
NOGAPS, HWRF, GFDL,
GFDN

Designed so that verifying
TC position will be inside
the GPCE circle about 70%

of the time

Objective measure of confidence of the consensus track
forecast

Available to forecasters in real-time when making the forecast

Courtesy of M. Brennan




* Represents the probable track of the
of the tropical cyclone.

* Formed by connecting circles

centered on each forecast point (at
12, 24, 36 h, etc.)

* Size of the circles determined so that,
say, the actual storm position at 48 h
will be within the 48-h circle 67% of

the time.
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Forecast | 2009 Circle Radius (n mi) | 2010 Circle Radius (n mi)
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SHIPS Rapid Intensification Index

Kaplan et al. (2010), Wea. Forecasting

Statistical guidance for rapid intensification
Current version operational in 2008

Provides probability of 25, 30, and 35 kt intensity increase
in the next 24 hours

Based on eight predictors:

— Tropical Cyclone

* Previous 12-h intensity change

+ Difference between current intensity and MPI
— Atmospheric

+ 200-hPa divergence
» 850-200 hPa vertical wind shear
* 850-700 hPa relative humidity

— Oceanic
*» Upper-ocean heat content

— Satellite
» Standard deviation of IR brighthess temperature (convective symmetry)
* Coverage of tops with brightness temperatures < -30°C

Available to forecasters in real-time with other SHIPS output

Courtesy of M. Breﬁnan




Wind Speed and Intensity Probability Products
DeMaria et al. (2009), Wea. Forecasting

Depict location-specific probabilities of 34-kt, 50 kt, and
64-kt winds

Created using 1,000 Monte Carlo realizations created by
random sampling of NHC track and intensity forecast errors
from the previous 5 years

— Centered on official NHC forecast

— Errors are serially correlated

Uses climatology and persistence model for wind radii
Accounts for inland decay

Available to NHC forecasters after forecast is made but
prior to release of advisory

Steered EMs and other users toward these products in lieu
of the cone graphic since they provide information on
impacts
Courtesy of M. Brennan
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Probabilistic Storm Surge

@ Experimental Tropical Cyclone Storm Surge Probabilities ..v"'m“f;
u Chance of Storm Surge »>= 10 feet at Individual Locations m
Hurricare Tke {(Z008) Advisory 43 ey

* Run When hurricane watCh Or ¥alid from 05 PM EDT Thua Sep 11 to 10 PR EDT Sun Sep 14
warning in effect for the U.S. | _________________ __________________ ___________________ ________________ N y .....

* Qutput: -----------

— Probabilities of storm surge __________________ - - _____
exceeding thresholds from
2-25 ft

— Exceedence height for various W
prObab|||ty threshold (E.g., the — L: .............. ...... .................. ................ _ ................ ______________ ................ ................. ................. .....
surge height that has a 10% chance | s, L 054 Ieemm———

Frobability

Of bE| ng E}(CEEd Ed) ? Experimental Tropical Cyclone Sterm Surge Excesdance S,
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rricane The {(2008) fAdwvizory e

Hus 42
Valid from 11 AN FDT Thu Sep 11 to 04 PR EDT Sun Sep 14

* Available within about 30 )
minutes of advisory release time

* Difficult to verify, but preliminary . 2
comparisons with deterministic .
SLOSH runs underway .

|
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NOAA Hurricanes Seasonal Forecas

A NOAA Seasonal Forectthodology
I Assesstates of the ocean angtmosphere.

I Usemodel forecasts for El Nino/Atlant®STs ankhcorporate
any analog techniqueand dynamicamodel forecasts of Cs.

I Predictrange of overall activitgand probabilitiesof above,
near, andbelow averageeasons.

I Qualitative/Quantitative process.

I Noforecast of hurricane landfalls, judte total seasonal
activity for the entirebasin

A Seasonal Hurrican®utlooks

I NOAAdoes not issue a landfall forecast, because there is vel
little usefulskill.

I Overallskill is quite small in May, but significantly better than
climatology inAugust.

I 1 August update issued because ~90% of the remaining
seasonal activity is after that date.



T —

NOAA 2010 Atlantic Hurricane Season (0} ﬁooks

S

2010 Outlooks
August \Y B\
Activity Type Update _Normals
33%
Chance Near Normal 10% 10% 33%
Chance Below Normal 0% 5% 33%

There is a high likelihood (90% chance) that the 2010 season will be above normal.

This update reiterates the pre-season outlook issued in May.

Named Storms 14-20 14-23 11
Hurricanes L 8-14 6
Major Hurricanes 4-6 3-7 2
ACE (% Median) 170-260 155-270 100

21 The outlooks indicate a 70% probability for each range. All ranges remain
7 ™ above-normal. The ACE range indicates a continued high likelihood of a very
& active season (ACE > 175%o).

- 7 “."







Avallable Observations

A Reconnaissance
T H*WIind? WIind radi?
A Surface networks

I Automaticweather stations, rain gauge networks, tide
gauges, moored buoys, ship reports, etc.

A Radar

I Automatedradar ey€fix ¢ Yip and Wong (2004)

I SingleDopplermethod for eydix ¢ Lee and Marks (2000)
A Satellite

I Visible and infrared (IR) satellite imagery

A Best tracks
i AAdz0 2SOUACS SauaAYlGS 2F GK
Intensity at each 6 h and is identified by analysts at NHC

and other centers using all observations available at the
time of the analysis



The types of observations that have been used over the y:

to monitor tropical cyclones (Chu et al. 2002).

=Ship logs and land observatiorg

=Transmitted ship and land observatiofg

=Military aircraft reconnaissance=== -
=Research aircraft reconnaissange

=Satellite cloudtracked & watervapor-tracked wind

A
=SSM/I & QuikSCAT wind,
MODISA

=McIDAS and other interactive systems (AFOS, ATC
AWIPS and MIDAS, et®)

1900






TC ¥rification ¢ DeterministicForecasts

A Track and storm center verification

i .Sad 2y aoSad GNIXOl1é YR aF2NBO
A Intensity

I basedon max wind

I basedon central pressure

I otherrelated parameters such as radial extent of storm/hurricane
force winds

I Intensitytrends
I Intensityerror distribution
A Stormstructure

I Wind radii- the distance from the center of the cyclone to the
maximum extent of winds exceeding 34, 50, ankb4

I four quadrants surrounding the cyclone (NE, SE, SW, NW )
A Weatherhazards resulting frortand fallingTCs

I Precipitation

I Wind speed

I Storm surge



How to GetForecastPosition?

I 850and 700hPa

Could be many different ways to get forecast positio




Schematic Diagram for TS Positimror (general verification)
® +72hr

® —— Observation

@ Forecast

TS position error (absolute values)

O0UTC



Verificationfor deterministic TC forecast

A Examplec alongtrack and crossrack errors

T( NHC Official Track Errors
2004-8 Atlantic Basin
200 ! ! !
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M - ‘ w e Cross-Track \ /f
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Courtesy James Franklin, NHC






