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ABSTRACT. The Directorate of Meteorology is responsible tloe provisioning of weather services for safe
conduct of Indian Air Force (IAF) flying operationis the country. The Meteorological (Met) SectiatsIAF bases
closely monitor a Tropical Cyclone formation, intditation and movement and issue storm warningateguard its
valuable property that primarily includes Aircrafts also provides the weather services for all hieicopter/Aircraft
Rescue Operations that are taken up after thedfuttye cyclone experienced at a place. Generafioeab time forecast
from model studies is in the Research Stage in IAFmeso-scale model (MM5) studies of super cycloh®rissa were
carried out by IAF Met to generate forecast traoksthe Cyclone using Grell and Kain-Fritsch 2 (wihallow
convection) cumulus parameterization scheme. Tiedl &heme indicated the track slightly closehe &ctual track of
the storm. The KF2 scheme led to the generatiotheftrack that indicated the re-curvature of theteay in to West
Bengal and adjoining regions.
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1. Introduction future track and intensity. The tropical cyclonesition
) o ) ~and intensity is inferred from radar and weathdtetins

The chief objective of a Met. Section (Met. Sea.) i that are issued by IMD and satellite imageries. For

IAF is to issue Short—range weather forecast foatan. Operationa| forecasting' IAF is in the process of

IAF flying operations have unique requirement ofwe jmplementing numerical weather techniques at a#f th
short and accurate weather forecasts because ofau Met. Sections. Presently, number of in-house tngjrind

of the fighter aircraft. Tropical cyclones affechet  \workshops on NWP has been conducted. Few Met.
operations of IAF at the bases, which are localedgethe  officers have been sent to other national instingi for
coastal regions. The major concern of IAF Met. lig t participating in the workshops and training actist

safety of aircraft that are generally placed in tigen

tarmac or inside the hangers. These aircraft irofien or Recently, an advanced course on tropical cyclones
inside the hangers can not sustain the fury ofitedp using MM5 model at the Andhra University was
storms. Therefore, the aircrafts are needed tdified to conducted. Using the data supplied by the Andhra
a safe place located away from the fury of a tralpic University, MM5 studies on super cyclone of Orisgare
storm. Also the safety of the supporting groundigapent carried out by IAF showed some interesting resditse
and infrastructure needs attention in case of pidab subsequent paragraphs describe the studies.

storm fury. IAF Met. issues storm warning in tineesve

the equipment and the personnel or inhabitantsliresi

inside the base. Apart from this IAF Met. also catfr 2. Data

the operations that are taken up during the reswn,

after the landfall of the tropical storm at a pladgy The data is ‘fnldata’ from NCEP with one degree
gearing up the IAF airfields. Met. briefings arevegi to resolution for the period 25 - 30 October 1999.sTdhata
the IAF authorities covering the tropical storm ifios, was obtained from Andhra University.
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Fig. 1. Actual track of the Orissa super cyclone 1999

TABLE 1

The comparison of the positions of the center andhe lowest values of central pressure of the cyclone

Grell scheme KF2 scheme Actual position IMD
Movement Movement Movement
: Vector Central
Date Time . entral ) )
ForecastCentral = Distance error FO'€Cas j oo . Distance vector @ ion . . Distance
position pressureDirection (km) (km) in position Direction (km) error in Direction (km)
(Towards) ,,_ uré  (Towards),,_' KF2 (Towards), ,_
1°= 110 km Grell 1°=110 kmf t 1°= 110 km
forecast orecas

25 0Oct 990000 11.5° N/ 11.5° N, 12.5° N/
utC 995°E 1004 - 246 “g95op 1004 - - 246 “9750E T -
0000 14.0°N/ 13.5° N, 13.5° N/

26 Oct 99 UTC 96.0°E 999 305 473 123 96.0° E 999 299/4 443 110 95.0° E 291/2 296
0000 16.5° N/ 16.0° N, 15.5° N/

27 Oct 99 UTC 935°E 985 315/3 389 246 93.0°E 990 309/3 430 174 915°E 299/4 443
0000 17.0° N/ 18.5° N, 18.0° N/

28 Oct 99 UTC 88.0°F 960 275/5 607 123 910°E 960 321/3 352 280 88.5° E 309/3 430
0000 18.2° N/ 21.0° N, 20.0°N/

29 Oct 99 UTC 845°E 960 288/3 407 296 90.0°E 955 338/2 296 400 86.5° E 315/2 311
0000 19.2° N/ 25.00 N/ 20.5° N/

30 Oct 99 UTC 830°E 980 303/1 198 310 93.0° E 987 36/5 550 962 85 5° E 296/1 123
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Figs. 2(a-e).Forecast position on successive days (26 to 36b8c 1999) Grell scheme at 0000 UTC. (a) 24 Hos48 hrs, (c) 72 hrs,
(d) 96 hrs and (e) 120 hrs



138 MAUSAM7, 1 (January 2006)

PSLY on t=9 PSLV on t=17

[T

B4E BSE BBE 90E O2F 100E

PSLV on t=33
(d)
1015 1010
1010 1005
1005 1000
1000 995
995 990
930 985
985 980
980 975
975 970
970 965
965 960
960 855
PSLV on t=41
(€

1014

1011

1008

1005

1002

999

996

993

880

987

JBE BOE B2E BAE  BEE BEE 80E B2E 96E  BBE 100E

Figs. 3(a-e).Forecast position on successive days (26 to 3@ob@c 1999) Kain-Fritsch 2 cumulus parameterizatistheme
(a) 24 hrs, (b) 48 hrs, (c) 72 hrs, (d) 96 hrs @)d.20 hrs
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3. Methodology and adjoining regions. The forecast track diffeseric
both the schemes is mainly seen after 1200 UTC,
27 October 1999.

The MM5 was run with two domains having

resolutions 90 km for outer domain and 30 km farein

domain in the Bay of Bengal (area of cyclonic stprm

respectively. The aim of the study is to understémel

capabilities of the MM5 in generating forecast kaof a The forecast positions of the centre of the cyclone

tropical cyclone. For this the Grell and Kain-Fehs2 are depicted in the Fig. 2 and Fig. 3 for the Geaid

(with shallow convection) cumulus parameterization Kain-Fritsch 2 cumulus parameterization scheme

schemes were used separately to generate foreaekst respectively. The forecast tracks generated by Mbédbe

of the Orissa Super Cyclone 1999 between 0000 UTC,almost same up to 0000 UTC / 27 October 1999 fdin bo

25 October 1999 to 0000 UTC, 30 October 199Bhus, the schemes.

one single initial condition was integrated for 1Bfs.

Also lateral boundary conditions were also takemfithe

NCEP analysis interpolated to the boundaries of the

domain of integration. The forecast tracks withiraerval

of 0300 hr were generated and studied. The various The Grell scheme generated track, indicated lowest

physics used in the study are as follows. pressure fall at the centre of the super cyclo&éstPa on
0600 UTC / 28 October 1999. The landfall was intdida
on 1200 UTC / 29 October 1999. The landfall is ® R
south of the actual landfall track of the Orissgesu

Explicit moisture scheme : Simple ice cyclone.

Planetary boundary layer : MRF The KF2 scheme also indicated the lowest pressure
fall as 955 hPa 0600 UTC / 28 October 1999. Thdfi&h
was over West Bengal adjoining Bangladesh parte& Th
landfall track is totally different as per this sche, when

Atmospheric radiation : Cloud compared to actual track of the super cyclone.

No shallow convection
5. Conclusion

The correct cumulus parameterization scheme is to
be used for a reliable forecast through NWP. #itfitial
4. Results and inferences experiments by the IAF Met, it was found that theslG
cumulus parameterisation scheme could give thecéste
Using the above physics and methodology, it wastrack close to the actual track of a tropical cpeloOut of
found that when the cumulus parameterization sckemetwo schemes used, both the cumulus parameterization
are changed, the track generated by the MM5 mael i schemes indicated maximum intensity of the super
totally different. The actual track of the cycloiseshown cyclone on 0600 UTC / 29 October 1999. However,anor
in the Fig. 1. The some of the results of the MMidg experiments are needed to establish a correct cratitin
are shown in the Table 1. The positional differeatéhe of the schemes to get accurate forecast trackase of a
centre of the cyclonic storm as per the NCEP aisbysd tropical cyclone.
actual position as per IMD was 246 km. In Grellestie,
the vector difference (distance) increased 310 krareas
in KF2 scheme, the difference increased to 962 &ar a
120 hrs. The Grell scheme indicated the foreaastkt References
slightly close to the actual track of the storm.eTiKF2
scheme led to the generation of the forecast tthek Asnani, Tropical Meteorology Vol. Il on Cumulus pareterisation
indicated the re-curvature of the system in to VBesigal schemes.
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IAP 3202, Reference manual for Indian Air Force tMe Training notes of Advanced school on tropical cwel® Andhra
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