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A WARM-CORELOW/PRESSURE
WEATHERSYSHEM

-DEVELOPS | '_ER TROPICAL OR

SUBTROPICAL“OCEANS

-HAS ANIORGANIZED CIRCULATION OF
WINDS

ARE CLASSIFIED ACCORDING TO THE
SPEED OF ITS MAXIMUM SUSTAINED
WINDS
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CLASIFICATION OF TROPF@AV.L
CYCLONES IN WMO'RA IV &
HURRICANE COMMITTE

C()UNTRIES

Tropical Depressmn < 63 km/h
Tropical Storm 63 - 117:km/h
Hurricane >= 118 km/h



CLASSIFICATION SCALE F()R

HURRICANES IN WMO' RTA 1)
" THE SAFFIR-SIMPSON SCALE

Category Maximum Potential

Sustained Damage
Winds (km/h)

118-133 Minimal
154-177 Moderate
178-209 Extensive
210-250 Extreme

> 250 Catastrophic
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DATA INPUT
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The Hurricane Forecast Prﬁeﬁg,s
DATA ACQUISITION: - %

sSurface ebservations;(land; ships; buoys).
slUpper: airr ehservations (rAwinsendes,; aircrafts).
«Satellites (geostatlonary polar)

NUMER@AL GUIDANCE:

:Global Models &% - ;’_.j_
*Regional Models -~
i@ trackand |ntenS|ty Viedels

THE PROCESS OF DECISION MAKING

*Model Comparison; Prebabilities, Consensus.

THE WARNING PROCESS

*I[ssuance and Difusion of Warnings




A MAJOR SHORTCOMING FORHURRICANE
~_FORECASTING: THE LACK OFig.
OBSERVATIONS OVER THE OCEANSH,

Surface Obs. Upper Air Obs.

Look at the Gaps over the Oceans
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SATELLITES'DERIVED DATA COULD HELP TO
SOLVE THIS PROBLEM, BUT IT IS NOT"ENOUGH!

P

Datagaps between -
swathsilargest over: the
LrePICES

Sea\Winds on QuickScat

Satellite derived Winds
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AIRCRAFT RECONNAISANG%

Helps, in gatherng more
data...butit’s still'neteneughls

=
;-e—a 1. =
= -
- ”924’ A a\k
= T Y
g_:f 1&’}3‘,
+* o
g,‘" j s -
4 i 7=
Q.Q' i
4 .,.h
P
4
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FORECAST MODEL ERﬁe%s

INICTALIZATION

Deficient Observational networks and/data assimilation methods
*Initial observations not-available at every peint and cannot be
measured to an infinite degree offprecision.

*Errors are likely Iarggl in areashof sparse data.

INTE‘éRA‘TION

sInitial condltlon errors grow wnth integration time, most rapldly at
smaller scales. S
*Model resolution is insufficient.
‘Parameterizationirequired. Various parameterizations/physics
available.
*Model equations do not fully represent all processes.
sack of understanding of the processes themselves.
Lack of computational resources.




ERRORS ARE GREATER WHEN F@RE%%ST
RANGE INCREASES.....

FORECAST RANGE (hr); ERROR (km) TRACKFORECASTS ARE MUCH
~ MODEL 12 24 36 48 72 BETTER THAT INTENSITY

CLIPER 51 103 161 220 351

BAMS 61 114 168 | 222 336 FOREGASIS

_ FORECAST RANGE (hr); ERROR (km/h)
MODEL 12 24 36 48 72
SHIFOR 82 114 140 16.9 21.1

BAMN 49 91 133 177 268
BAMD 47 88 132 183 293

LBAR 41 75 111 |

42 69 98

56 %8 139
NOGAPS 57 81 107

UKMET 57 92 136 |

SHIPS 8.1 1.0 13.0 157 20.5
GFDI 9.3 116 139 16.6 19.0
44 70 9 CcT91CI 100 132 16.0 17.8 20.6

TRACKIEOREGASTIMODELST ~  INTENSITY. FOREGAST MODELS

HOWEVER, ERRORS ARE
DIMINISHING INFALL TIME
RANGES DUE TO
IMPROVEMENT IN'DATA
ASSIMILATION AND MODEL
PHISICS.
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OPTIONS TO REDUCE Fo‘R’EﬁST
UNCERTAINTY? ="

More accurate and numerous observations with
greater coverage.

e -—

e
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‘Improved analysis (data assmllatlon) methods.

L f

‘Faster computers and more complex models

*Probabilistic forecasting with ENSAMBLES and a
CONSENSUS FORECAST



Model Forecasting Definitions

. Deterministic - single forecast from a;single initialization

Ensemble - collection of forecasts verifying at the same time
and created from different:but equally viable initial conditions,

forecasting methods# ndIor rﬁ‘odels that (ideally) statlstlcally
represent nearly all to ecast po‘_ _ibllltles

'-'*'..h-'f ""-'

Consensus, average of multi| ple forecasts verlfymg at same
time : >

Laqgged Average - average of forecasts with different initial times
and all verifying at the same time

Superensemble - multiple models and multiple initializations,
adjusted for biases
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TRACK FORECAST MEAN ERRORS FOR THE
NORTHWESTERN PACIFIC, "™ %
TAKING A CONSENSUS OF'MODELS'
AND INDIVIDUAL MODELS

Forecast

Range (hrs) 24 48

CONSENSUS _ %
ERROR 128 =
(km)

INDIVIDUAL
MODELS

ERRORS 140 - 181 240 - 303 | 335-449 435-527 592 - 666
(km)

(Source: Davidson, N.E., 2003)



AN EXCELLENT EXAMPLE OF CONSENSUS: GFDL AND GFS 1.
MODELS TO THE RIGHT OF THE ACTUAL TRACK, U.K. MET AND I.
NOGAPS TO THE LEFT. ERRORS CANCEL ONE WITH THE OTHER. I.
THE OUTCOME: AN ALMOST PERFECT FORECAST.
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HURRICANE LILI
INITIAL TIME: 09/29/02 18 Z
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THE CHALLENGE OF ANIEARLY
WARNING IN/HURRICANES ™

MEAN 5-DAY.
TRACK FORECAST' &
ERRORS FORTHE I
ATLANTIC BASING I8

24 HR...:147 km
48/ HR....257 km
72 HR....388 km

96 HR....505 km
120 HR...688 km

Source: TCP/NHC



ERROR CONE'GRAPHIGS:
Forecast track + mean error. =_“Ris?%‘§agl

s
Forecasted mean track
in the middle of the

cone

Actual best track

(60 to 70 % of
actual tracks
willlbe inside
the'cone area)

-

Main Application in Early Warning:
To make users aware of the uncertainty of the forecast
track and to discourage users from focusing only on a
single forecast track, but at the same time ASSESSING
THAT THEY ARE IN AN AREA AT RISK.
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“WARNING” AND “EARLY WA:RWIWG” HAS
DIFFERENT MEANINGS ' WHEN DEALINGé?WITH
TROPICAL CYCIL.ONES

® Usually'means thatinmediatelaclions haveito be'takenito protect lives and
properties, generally/inia 24;__hrjj:ime Irames

;*%f : - :»._.L._
®* Means thatithereiis sorr?:é’:likelihood}that hurricane conditions might be
expected|in 3, 4 or. 5/ days and; becatise of.it, the level of information
and awareness should/be increased, without taking, for.the‘moment,
any further action. This information is.given with time enoughy so that
everyone could bewellfinfermed! :

® Heavily depends on a previous education and preparation of the users of
this information (i.e. Government, Civil Defense, the Media people, residents,
etc.).

® Increases awareness on the likelihood of the hurricane threat and prepares
everybody to take actions in the near future, if it becomes necessary.



Repeat atinext
Forecast
Cycle.

A Tropical Cyclone develops or moves into

the Atlantic or Caribbean . An Early Warning

Bulletin might be necessary.

Global Models
TC Track Models
TC Intensity Models
Synoptic Techniques

Comparison of earlier model
runs with actual Weather
situation.

Find the “Consensus” of the
models, draw the cone and
find if there is any area at
risk within 3 — 5 days.

Estimate probabilities, in
high, medium or low ranges,
taking into account the
synoptic changes that could
be foreseen.

METHODOLOGICAL

SCHEME FOR THE
ISSUANCE OF AN
EARLY. WARNING
AT CUBAN
NATIONAL
FORECASTING
CENTER.

Issue an Early Warning (=> 72 hr) or a
TC Advisory.



EXAMPLE OF AN EARLY WARNING BULLETIN

Havana, Thursday, November 1, 2001 2:30 pm
National Forecasting Center, Institute of Meteorology.

EARLY WARNING BULLETIN

Synopsis: Tropical Depression No. 15 was upgraded to Tropical Storm “Michelle”
last night and 1s now over water in the NW Caribbean Sea. The Tropical Storm 1is
located 490 km South of Cabo Corrientes, Pinar del Rio province. Maximum
Sustained Winds are 110 km/h, near Hurricane strengh. It is expected to become a
Hurricane this afternoon. It i1s moving Northnorthwest ay 11 km/h.

Outlook: Conditions favor further development of this tropical system. Within 72
hours, “Michelle” could already be a Major Hurricane over an area very near Cuba.
A Northnortheast or Northeast movement 1s likely to occur in 72 hours. That
movement would make “Michelle” cross directly over Cuba. The most threatened
areas are the Western and Central provinces. The greatest likelihood is for a hit from
Sunday to Monday. This will depend on the storm movement, for there could be
periods of stalling or slow movement before “Michelle” speeds up in a near
Northeast direction.

All interests should very carefully follow further information on “Michelle” issued
by the National Forecasting Center.
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APPROACH OF HURRICANE GEORGES
(1998)

RSP ( TIVAS
14S 72 HRS

% o;‘-lspeutwas para 72 hmzi's -
| POSILIOIIﬁS__ 2am

Lol
= .{ _.' T l-'J-_ -

T H | .J: =
A G el ;o th




CHFOAD DE LA HABAMA MIEALOLES 3 O£ SEPTIEMSAE OE 1553 AN 3L ) HURSERS 150
ARD DEL ARWEASEAIO 40 DE LAS BATALLAS DECHESMWAS 0F L& GBUEARA OFE LIBERALGION CIEARE: 1550 A W 20 CTWE.

1
|
[ |
|
|

DRGAMNMO OOFCLAL DEL COMITE CENTRAL DEL PARTIDD COMUONISTA DNE LB A

Toman meﬂmﬁ 1S @meaﬂg@nﬁﬁﬁ

W
i sé::;'-‘-" -]
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AN EXAMPLE OF‘HOW AN EARLY! WARﬂINGSﬂVlESSAGE IS
BROADCAST THROUGH CUBAN'T
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“Live” TV broadcast from the National Forecasting Center
Sept'9, 2004. Hurricane “Ivan™ affected Western Cuba
on Sept. 13, 2004
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LAST 9 YEARS OF ACTIVE'HURRICANE
SEASONS IN CUBA™ ",

YEAR EVACUATED ECONOMIC CASUALTIES
LOSSES
(miIIions USD)

LILI

MICHELLE 2001 783 400 1 866

4

CHARLEY 2004 224 449 923
IVAN 2004 5 2 266 068 1223 0

0 2/2817 O 393 15






