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ABSTRACT. Tropical cyclones pose a serious and growing thieanany coastal areas world over; there is
increasing demand for better accuracy as wellagelorange for tropical cyclone forecasts. Whike titaditional tool for
dynamical forecasting of tropical cyclones has hgerited Area Models (LAM), there are reasons ttidwe that use of
Global Circulation Models (GCM) may result in impeal representation of cyclone dynamics. Over BaBeasigal, for
example, while some cyclones develagsitu, many result from intensification of low presssgsestem that travel from
the east, implying need for consideration of a dadpmain. We show here that a relatively new clafs&lobal
Circulation Models (GCM), combining the advantagéd AMs and GCMs, can provide both longer range astter
accuracy for such critical parameters like tract emensity. For seven cyclones representing diffefocations, seasons,
years and strength, simulated tracks and landefeditions show, with initial condition more thardays ahead and only
monthly climatology of sea surface temperature (S8frors comparable to those from current opematiforecast 48
hours in advance.

Key words —Track forecasting, Global circulation models, B&pengal cyclones, Variable resolution GCM.

1. Introduction domain. While a LAM can afford very high resolution
over a domain of interest, not yet feasible in GAOM,
While there has been considerable progress inrequires artificial lateral boundary conditions atihave
modeling and forecasting of cyclones over the pastto be supplied externally and which can greatlyitliits
decades, there is also a growing expectation anthadé performance. Besides, LAM cannot incorporate ttiects
for longer range and higher accuracy (Bengtssorl200 of larger (than domain) scale circulations excépough
The most widely used tool for dynamical forecastofg  the lateral boundary conditions. Leaving asideiskae of
tropical cyclones is the so called LAMs or mesolsca required resolution, there are reasons to beliénad &
models: three dimensional models of the atmosphereglobal model would provide a better platform fawgical
defined over a domain much smaller than the globalcyclone simulation and forecasting, especialpddress
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TABLE 1 3ON 11y N

Description of the experiments ¢

Label Type Genesis  Duration Initial Zoom b n &
location state centre i3 g
20N t 2
M97 VSCS  9.0,905 1520May  15May 15,90 3 5
s97 SCS 155,825  23-27 Sep 22Sep 15,90 ; - i
J98 VSCS  11.0,69.0  4-10Jun 4Jun 15,65 *
N98 VSCS 135865 19-22Nov  17Nov 15,90 10N s
M99  VSCS 145705 16-22May  15May 15,65 L e EER
099 VSCS  13.0,950  25-29 Oct 200ct 15,90 ,
NOO VSCS  10.0,90.0 26-30Nov  25Nov 15,90 I
™N N
EQ | ARNK(|
70E 80E 90E 100E 110E
issues like growing demand for longer lead (AMS g 1 structure of a variable resolution grid with tentre of the
Council, 2000) and interaction of a cyclone withigka zoom over 15° N, 90° E. The highest resolution rtkar
scale circulation. A tropical cyclone is a smallt lan centre of the zoom is about 50 km x 40 km in |cumndst

intense part of the global circulation, affectingamy and latitude, respectively

scales of motion; there is growing evidence thatléige
scale circulation features have considerable effecthe
smaller scale circulation (Tanguag,al. 1995). For issues
like response of genesis and intensification olayes to
large scale systems like El Nino or an altered a&tana
global model is certainly a better candidate (\itand
Anderson 2001).

such as global dynamics, will result in improved
simulation. The purpose of the present work isxXplae

the success of this approach in a number of cabes o
observed cyclone.

To design our experiments, we note that tropical
cyclone formation has a strong seasonality thatesar
from one basin to another. For the Bay of Bengal th
occurrence of tropical cyclones has a secondarymanr
in May and a primary maximum in the October-Novembe

In case of the Bay of Bengal cyclones, while some
developin situ others intensify from low-pressure systems
that migrate from the east, (Vitagt al. 2002) thus
implying need for considering dynamics over a rathe

wide domain. There have been attempts and somessaicc pﬁriod (Frapk,l 1d987d)_.ﬁHere we report j_?fven sirrmm;g
in simulating tropical cyclones using GCM (Vitarhca ~ GNOSen to include different seasons, difierent geam

Anderson 2001 ; Bengtssoet al. 1995 : Zhang and different regions. Table 1 provides a quick summefy

Krishanamurti, 1997); these studies demonstrate thethe various experiments; here VSCS stands for Very

power and potential of GCM in studying tropical koye. Severe Cyclonic Storm.
However, to qualify as a forecasting tool a GCM tnus )
also possess sufficient forecasting skill at resmir 2- Modeland the experiments

resolution. )
We have adopted the version LMDZ 3.3 of the

A relatively new class of GCM that combines the variable-resolution GCM developed at the Laboratory

advantages of a GCM and a LAM to a large extentlaze Dynamic Meteorology, Paris. The basic features haf t

so called Variable Resolution GCM which allows ghier ~ Mmodel have been described in a number of works
resolution (zoom) over a specified domain. In a ptex (Sadourny and Laval, 1984 and Sharma and Sadourny,

system like a GCM, there is a close interplay betwe 1986). Fig. 1 shows a part of the model grid arotirel
numeric and physics; it has been shown that modelc€ntre of the zoom over the Bay of Bengal. The ¢sgh

performance is quite sensitive to model resolu(@oyle,  resolution (near the centre of the zoom) is abo&t &
1993). Introduction of a zoom, for example, changed ~ 0-4° in longitude and latitude, which merges untfty to
can allow more realistic scale interaction. In thepics, 2  in longitude and 1.25° in latitude away from tum.
and in the case of intense convective systems dike

tropical cyclone, a zoom can significantly altee timodel The number of vertical levels used is 19. The prese

dynamics. While the resolution attained in a vddab version includes a land-surface model and a diwyele.
resolution GCM may still be coarse compared to that The convection parameterization scheme is thatiadker

an LAM, we expect that the other advantages®@€C, (Tiedtke, 1993).
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Fig. 2. Comparison of wind structure in vertical crosstsm view.
Top panel is from MM5 simulation (Frank and RighR001)
and Bottom panel is from GCM simulation (at 66 Hour

To examine the forecast potential

e [ I TR R S A B FE NN

Prediction, USA (NCEP) Reanalysis, interpolatedthe
model grid. However, we shall present one casestiper
cyclone that hit Orissa in November, 1999, usingjah
condition and SST from a different datasét,, European
Centre for Medium Range Weather Forecasts (ECMWF)
daily analysis available on 1° x Htid to examine the
robustness of the procedure.

We first present, in Fig. 2, a comparison of the
longitude-height structure of simulated wind fididm a
meso-scale model (MM5), adopted from (Frank and
Ritchie, 2001) and the VR-GCM (Bottom panel). The
MM5 simulations were carried out using a 3-nest gri
with the highest resolution in the inner most gyfcabout
5 km; the VR-GCM simulations, as mentioned above, has
resolution of about 50 km x 40 km in longitude and
latitude near the centre of the zoom. The simutetihave
similarities as well as differences. The meso-scale
simulation shows a more detail vertical structueamthe
centre but very little structure off-centre; the KC
simulation, on the other hand, shows a richer &iracof
the dynamical fields. Overall, however, both the
simulations capture the typical structure of a ogel quite
well.

3. Results

A huge amount of diagnostics is possible with model
fields available over a global domain. Our focusehis
simulation of tracks and intensity, the most difficyet
the most useful parameters in tropical cyclonedaséing.
However, we shall show the evolution of the spatial
structure of two important dynamical fields for twases,
each representing one of the basins. Furthergthes
cyclones represent two different categories of ayes in
the north Indian Ocean in terms of genesis: white o
developedin-situ, the other intensified from a low-
pressure system that traveled from the east.

Fig. 3 shows the simulated fields of surface pressu

and low-level vector winds for the cyclone that Gitijrat

in May 1999 (M99). The genesis of the system as a
loosely organized low-pressure system around 70° E,
14° N is seen on 19 May. Apart from the clear nosid
movement of the cyclone, a very interesting featsiréne
formation of two other systems during the period220
May 1999, both of which subsequently decayed, wihiée
original system intensified to a cyclone. It is Weahown

that out of a number of low-pressure systems orfigva

the intensify to cyclonic strength. The regional climiagy of

methodology, we use only monthly climatological SST cyclones over the north Indian Ocean shows that sinl

from Atmospheric Model Intercomparison

Project out of average 16 disturbances per year intensify t

(AMIP). The initial states as well as the surface tropical storms and less than half of these stamesisify
temperature fields were prescribped from daily datato cyclones. The sufficiency conditions that govern
available from National Center for Environmental this selection are still an outstanding problartropical
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Fig. 3. Simulated fields of surface pressure and veciadvior the May 1999 Gujarat cyclone, with initiedndition from NCEP analysis for
16 May, 1999
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Fig. 4. Simulated fields of surface pressure and veciodvor the October 1999 Orissa Super Cyclone, wittial condition from ECMWF
analysis for 20 October 1999
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Fig. 5. Track forecast error in terms of (absolute) ddfece
between longitudes and latitudes of minimum seatlev
pressure from model forecasts and the location hef t Dy o
centre of the cyclone from observation (IMD) at @ty B
intervals. The somewhat large error in the initiale is

5N 5N
essentially a result of identification problem ahgrithe BOE B5E 70E 75E 80E B5E 20E 95E 100E
formative stage of the cyclones, when several mystmay
co-exist Fig. 6. Comparison of simulated track (green) and obskifved,

IMD) for 7 cyclone cases

cyclone dynamics. While the dynamics and the

thermodynamics that led to the genesis of multiple The simulated fields of surface pressure and loxetle
systems and the subsequent selective intensificatim vector winds are presented in Fig. 4.

be unraveled only through a systematic study inagha

large number of sensitivity experiments, the madel’ The simulation shows the disturbance travellingrfro
ability to generate such features is encouragtigwever, the east and moving in the north-west-north dioecas it
this needs to be evaluated statistically. intensified. Fig. 5 examines the performance ofrtizalel

in forecasting the track in terms of errors intlate and

The M99 cyclone was an example of a cyclone thatlongitude as function of forecast time. The reigly
developedin situ. We next consider a system that larger errors in the genesis stage of the track hmse
apparently travelled from the east and intensifietthe contribution from ambiguity in identifying the sgsh at
super cyclone that hit Orissa in October, 1999. Thevery early (weak) stage, when multiple, weak system
simulated results for this cyclone presented beloawvith may coexist.
initial conditions from ECMWF analysis for 20 Octab
1999. The results with initial conditions from NCEP The average errors in land-fall locations in our
analysis for this cyclone are discussed later is Work. simulation is 1.35° in longitude and 1.1° in latitu
The comparison of simulated and the observed tracksHowever, for a strict comparison, our simulatioatistics
(Fig. 6) show very good agreementin most efdghses.  have to be considerably enlarged.
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Fig. 7. Time evolution of maximum wind (m/s) (left panahd minimum surface pressure (hPa) (right paoeljie super cyclone of Orissa with
ECMWF (green line) and NCEP (red line) initial cdiah; the black line indicates observation (IMD)

TABLE 2

Comparison of observation and simulation

A Pc Max wind Land-fall*
Case Obs Sim Obs Sim Obs Sim
(hPa) (hPa) (m/s) (m/s) Lat., Long. Lat., Long.

M97 35 40 66 42 22.5,92.0 22.0,92.0
S97 16 13 18 24 22.0,91.0 23.0,91.0
Jo8 38 18 52 26 21.5,69.0 21.0,67.0
N98 16 14 25 20 21.0,89.0 18.0,84.0
M99 54 28 54 30 24.0,67.5 23.5,66.5
099 82 61 70 54 20.0,86.0 19.5,86.0
NOO 22 14 54 20 11.5,80.0 12.5,80.0

* Latitude in degree north, Longitude in degreeteas
A Pc denotes the difference between environmeritalual000 km away from the position
of lowest surface pressure) and the lowest sugeessures in hectapascal (hPa)

4.  Statistical evaluation We present here a limited sample analysis by cenisig

seven cyclones that occurred over in north Indizead

While the ability of the model to simulate many in different years and in different seasons (MaydDer).

aspects of two cyclones over different locations is As the parameter for evaluation, we consider thektand
encouraging, a statistical evaluation of the maddl is the intensity, the most challenging tasks in trapic

imperative to asses reliability and the marginseobr. cyclone forecasting track. This, along with the dimnd
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the location of the landfall, are also the most ant@nt
guantities for efficient management of cyclonetegta
hazard.

Table 2 lists the seven cases considered in théy st

117

able to generate correct dynamics with an initiztes
away from the genesis. The consistent performahtieeo
model for different conditions with only climatolizgl
SST makes it an attractive tool for tropical cyeon
forecasting. In an actual application one couldegate
multiple forecasts, each for an ocean basin, witlrid
that has been critically evaluated for the basiartter

along with a comparison of observed and simulatedimprovement through higher resolution, better choit

parameters like central pressure drop,
landfall location. Fig. 6 compares the simulatedckr
(green) with the corresponding observed (red, IM@)
the seven cyclones. For the M97 case, there isoasgr
departure in the middle of the simulation, althotiggre is
very good agreement for the landfall location. Hiet
particular case of November 1998 is not includdd t
average error for the six cases is 1.1° in longitaehd
0.45° in latitude with a lead time of about morarth 50
hours. It is worth mentioning that the case of Nuober
1998 cyclone considered here is a rather specitlvess
preceded by a cyclone in the same locality. In canispn,
the error in the National Hurricane Center Tracie@ast
is 1.5° for a 24-hour forecast and nearly twicet floa a
48-hour forecast (AMS, 2000 and Bengtsson, 2001).

5. Impact of initial state

It is well known that, at least for short-term
forecasts, initial state plays a dominant role.dbtain a
first glimpse of this effect, we had carried oute th
simulation of the October 1999 Orissa super cyclalse
with initial conditions from NCEP analysis. The
simulation is done with initial condition of 250ctober,
1999 with the same setup mentioned earlier.
comparison is shown in Fig. 7; it is very evidehaitt

maximum wind and minimum surface pressure are

simulated better with ECMWF initial conditions. Sian
conclusions also hold for errors in track foregasgtiin
particular, error in landfall with NCEP initial cdition is
much larger than corresponding error with ECMW ahi
condition (Fig. 5).

6. Conclusions

Two strong points of the present simulations are

considerably longer lead and relative low errortrick
and land-fall forecast. Indeed, in our case eriorg day
simulations i.e., initial conditions 7 days before landfall)

were often smaller than 5 days simulations. This is

attributed to error in the (low-resolution) initiabndition
closer to the time of genesis which can contamitiage
simulation. On the other hand, the model appearseto

The

intensityl an schemes etc. is possible and is under investigation
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