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lkjlkjlkjlkj & ns’k esa Hkkjrh; ok;qlsuk ¼vkbZ- ,- ,Q-½ dh lqjf{kr mM+kuksa ds fy, ekSle lsok,¡ miyC/k djkus 

dk mRrjnkf;Ro ekSle foKku foHkkx ds funs’kky; dk gSA Hkkjrh; ok;qlsuk ds csl ij fLFkr ekSle ¼esV½ 
dk;kZy; m".kdfVca/kh; pØokrksa ds cuus] rhoz gksus vkSj mudh xfr dk lw{e :Ik ls ekWuhVju djrs gSa rFkk 
ok;qlsuk dh cgqewY; lEifRr] eq[; :Ik ls gokbZ&tgktksa dh lqj{kk ds fy, psrkouh tkjh djrs gSaA pØokr 
ds izdksi ls izHkkfor fdlh Hkh LFkku ij cpko dk;ksaZ esa yxs gsyhdkWIVjksa@ok;q;kuksa ds fy, Hkh ;g dk;kZy; 
ekSle lsok,¡ miyC/k djkrs gSaA ekWMy ij fd, x, v/;;uksa ds vk/kkj ij okLrfod le; iwokZuqeku ds fy, 
Hkkjrh; ok;qlsuk }kjk 'kks/k dk;Z fd;k tk jgk gSA xzsy vkSj dSu&fÝ’k 2 ¼lrgh laogu lfgr½ diklh 
izpkyhdj.k ;kstuk dk mi;ksx djds pØokr ds ekxZ ds iwokZuqeku ds fy, Hkkjrh; ok;qlsuk ds ekSle vuqHkkx 
}kjk mM+hlk ds egkpØokr ds eslksLdsy fun’kZ ,e- ,e- 5 ds vk/kkj ij v/;;u fd;k x;k gSA xzsy ;kstuk 
ls rwQku ds okLrfod ekxZ ls yxHkx fudV ds ekxZ dk irk pyk gSA dSu&fÝ’k 2 ;kstuk ls irk pys ekxZ  
ls if’pe caxky vkSj mlds vkl&ikl ds {ks=ksa esa pØokr ds izfrorZu dk irk pyk gSA 

 
ABSTRACT.  The Directorate of Meteorology is responsible for the provisioning of weather services for safe 

conduct of Indian Air Force (IAF) flying operations in the country. The Meteorological (Met) Sections at IAF bases 
closely monitor a Tropical Cyclone formation, intensification and movement and issue storm warning to safeguard its 
valuable property that primarily includes Aircrafts. It also provides the weather services for all the helicopter/Aircraft 
Rescue Operations that are taken up after the fury of the cyclone experienced at a place. Generation of real time forecast 
from model studies is in the Research Stage in IAF.  A meso-scale model (MM5) studies of super cyclone of Orissa were 
carried out by IAF Met to generate forecast tracks of the Cyclone using Grell and Kain-Fritsch 2 (with shallow 
convection) cumulus parameterization scheme.  The Grell scheme indicated the track slightly close to the actual track of 
the storm. The KF2 scheme led to the generation of the track that indicated the re-curvature of the system in to West 
Bengal and adjoining regions.  
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1. Introduction  
 

The chief objective of a Met. Section (Met. Sec.) in 
IAF is to issue short-range weather forecast for aviation. 
IAF flying operations have unique requirement of very 
short and accurate weather forecasts because of endurance 
of the fighter aircraft. Tropical cyclones affect the 
operations of IAF at the bases, which are located along the 
coastal regions. The major concern of IAF Met. is the 
safety of aircraft that are generally placed in the open 
tarmac or inside the hangers. These aircraft in the open or 
inside the hangers can not sustain the fury of tropical 
storms. Therefore, the aircrafts are needed to be shifted to 
a safe place located away from the fury of a tropical 
storm. Also the safety of the supporting ground equipment 
and infrastructure needs attention in case of a tropical 
storm fury. IAF Met. issues storm warning in time to save 
the equipment and the personnel or inhabitants residing 
inside the base. Apart from this IAF Met. also caters for 
the operations that are taken up during the rescue work, 
after the landfall of the tropical storm at a place, by 
gearing up the IAF airfields. Met. briefings are given to 
the IAF authorities covering the tropical storm position, 

future track and intensity. The tropical cyclone position 
and intensity is inferred from radar and weather bulletins 
that are issued by IMD and satellite imageries. For 
operational forecasting, IAF is in the process of 
implementing numerical weather techniques at all the 
Met. Sections. Presently, number of in-house training and 
workshops on NWP has been conducted. Few Met. 
officers have been sent to other national institutions for 
participating in the workshops and training activities. 

 
Recently, an advanced course on tropical cyclones 

using MM5 model at the Andhra University was 
conducted. Using the data supplied by the Andhra 
University, MM5 studies on super cyclone of Orissa were 
carried out by IAF showed some interesting results. The 
subsequent paragraphs describe the studies. 
 
 
2. Data 
 

The data is ‘fnldata’ from NCEP with one degree 
resolution for the period 25 - 30 October 1999. This data 
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 and the lowest values of central pressure of the cyclone  
 

Grell scheme KF2 scheme Actual position IMD 

Movement Movement Movement 

Date Time Forecast 
position 

Central 
pressure Direction 

(Towards) 

Distance 
(km)         

1°≈ 110 km 

Vector 
error 

(km) in 
Grell 

forecast 

Forecast 
position 

Central 
press-
ure 

Direction 
(Towards) 

Distance 
(km)        

1°≈110 km 

Vector 
error in 

KF2 
forecast 

Position Direction 
(Towards) 

Distance 
(km)          

1°≈ 110 km 

25 Oct 99 0000 
UTC 

11.5° N / 
99.5° E 

1004 --- -- 246 
11.5° N / 
99.5° E 

1004 --- -- 246 
12.5° N / 
97.5° E 

---- -- 

26 Oct 99 
0000 
UTC 

14.0° N / 
96.0° E 

999 305 473 123 
13.5° N / 
96.0° E 

999 299/4 443 110 
13.5° N / 
95.0° E 

291/2 296 

27 Oct 99 
0000 
UTC 

16.5° N / 
93.5° E 

985 315/3 389 246 
16.0° N / 
93.0° E 

990 309/3 430 174 
15.5° N / 
91.5° E 

299/4 443 

28 Oct 99 
0000 
UTC 

17.0° N / 
88.0° E 

960 275/5 607 123 
18.5° N / 
91.0° E 

960 321/3 352 280 
18.0° N / 
88.5° E 

309/3 430 

29 Oct 99 
0000 
UTC 

18.2° N / 
84.5° E 

960 288/3 407 296 
21.0° N / 
90.0°E 

955 338/2 296 400 
20.0° N / 
86.5° E 

315/2 311 

30 Oct 99 
0000 
UTC 

19.2° N / 
83.0° E 

980 303/1 198 310 
25.0° N / 
93.0° E 

987 36/5 550 962 
20.5° N / 
85.5° E 

296/1 123 
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Figs. 2(a-e).  Forecast position on successive days (26 to 30 October 1999) Grell scheme at 0000 UTC. (a) 24 hrs, (b) 48 hrs, (c) 72 hrs,  
(d) 96 hrs and (e) 120 hrs 

  

  

 

(a) (b) 

(c) (d) 

(e) 
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Figs. 3(a-e).  Forecast position on successive days (26 to 30 October 1999) Kain-Fritsch 2 cumulus parameterization scheme                         
(a) 24 hrs, (b) 48 hrs, (c) 72 hrs, (d) 96 hrs and (e) 120 hrs 

  

  

 

(a) (b) 

(c) (d) 

(e) 
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3. Methodology 
 
 

The MM5 was run with two domains having 
resolutions 90 km for outer domain and 30 km for inner 
domain in the Bay of Bengal (area of cyclonic storm) 
respectively. The aim of the study is to understand the 
capabilities of the MM5 in generating forecast tracks of a 
tropical cyclone. For this the Grell and Kain-Fritsch 2 
(with shallow convection) cumulus parameterization 
schemes were used separately to generate forecast tracks 
of the Orissa Super Cyclone 1999 between 0000 UTC,         
25 October 1999 to   0000 UTC, 30 October 1999.    Thus, 
one single initial condition was integrated for 120 hrs.  
Also lateral boundary conditions were also taken from the 
NCEP analysis interpolated to the boundaries of the 
domain of integration. The forecast tracks with an interval 
of 0300 hr were generated and studied. The various 
physics used in the study are as follows. 

 
 
 
Explicit moisture scheme : Simple ice 
 
 
 
Planetary boundary layer : MRF 
 
 
 
Atmospheric radiation : Cloud 
 
 
 
No shallow convection 
 
 
 
 

4. Results and inferences 
 

Using the above physics and methodology, it was 
found that when the cumulus parameterization schemes 
are changed, the track generated by the MM5 model is 
totally different. The actual track of the cyclone is shown 
in the Fig. 1. The some of the results of the MM5 study 
are shown in the Table 1. The positional difference of the 
centre of the cyclonic storm as per the NCEP analysis and 
actual position as per IMD was 246 km. In Grell scheme, 
the vector difference (distance) increased 310 km whereas 
in KF2 scheme, the difference increased to 962 km after 
120 hrs.  The Grell scheme indicated the forecast track 
slightly close to the actual track of the storm. The KF2 
scheme led to the generation of the forecast track that 
indicated the re-curvature of the system in to West Bengal 

and adjoining regions. The forecast track difference in 
both the schemes is mainly seen after 1200 UTC,             
27 October 1999.  

 
 
 
 
The forecast positions of the centre of the cyclone 

are depicted in the Fig. 2 and Fig. 3 for the Grell and 
Kain-Fritsch 2 cumulus parameterization scheme 
respectively. The forecast tracks generated by MM5 were 
almost same up to 0000 UTC / 27 October 1999 for both 
the schemes. 

 
 
 
 
The Grell scheme generated track, indicated lowest 

pressure fall at the centre of the super cyclones 955 hPa on 
0600 UTC / 28 October 1999. The landfall was indicated 
on 1200 UTC / 29 October 1999. The landfall is > 250 km 
south of the actual landfall track of the Orissa super 
cyclone. 

 
 
 
The KF2 scheme also indicated the lowest pressure 

fall as 955 hPa 0600 UTC / 28 October 1999. The landfall 
was over West Bengal adjoining Bangladesh parts. The 
landfall track is totally different as per this scheme, when 
compared to actual track of the super cyclone.  

 
 
 
 

5. Conclusion 
 
The correct cumulus parameterization scheme is to 

be used for a reliable forecast through NWP.  In the initial 
experiments by the IAF Met, it was found that the Grell 
cumulus parameterisation scheme could give the forecast 
track close to the actual track of a tropical cyclone. Out of 
two schemes used, both the cumulus parameterization 
schemes indicated maximum intensity of the super 
cyclone on 0600 UTC / 29 October 1999. However, more 
experiments are needed to establish a correct combination 
of the schemes to get accurate forecast tracks in case of a 
tropical cyclone. 
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