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INTRODUCTION 

 
Regional Specialized Meteorological Centre (RSMC) - Tropical Cyclones, 

New Delhi, which is co-located with Cyclone Warning Division has the responsibility 
of issuing Tropical Weather Outlook and Tropical Cyclone Advisories for the benefit 
of the countries in the World Meteorological Organization (WMO)/ Economic and 
Social Co-operation for Asia and the Pacific (ESCAP) Panel region bordering the 
Bay of Bengal and the Arabian Sea, namely, Bangladesh, Pakistan, Maldives, 
Myanmar, Sultanate of Oman, Sri Lanka and Thailand. It has also the responsibilities 
as a Tropical Cyclone Advisory Centre (TCAC) to provide Tropical Cyclone 
Advisories to the designated International Airports as per requirement of 
International Civil Aviation Organization (ICAO). 
 

The broad functions of RSMC- Tropical Cyclones, New Delhi are as follows: 
 

ǒ Round the clock watch on weather situations over the entire north Indian 
Ocean. 

ǒ Analysis and processing of global meteorological data for diagnostic and 
prediction purposes. 

ǒ Detection, tracking and prediction of cyclonic disturbances in the Bay of 
Bengal and the Arabian Sea.  

ǒ Running of numerical weather prediction models for tropical cyclone track and 
storm surge predictions. 

ǒ Interaction with National Disaster Management Authority and National 
Disaster Management, Ministry of Home Affairs, Govt. of India to provide 
timely information and warnings for emergency support services. RSMC-New 
Delhi also coordinates with National Institute of Disaster Management (NIDM) 
for sharing the information related to cyclone warning. 

ǒ Implementation of the Regional Cyclone Operational Plan of WMO/ESCAP 
Panel. 

ǒ Issue of Tropical Weather Outlook and Tropical Cyclone Advisories to the 
Panel countries in general. 

ǒ Issue of Tropical Cyclone advisories to International airports in the 
neighbouring countries for International aviation. 

ǒ Collection, processing and archival of all data pertaining to cyclonic 
disturbances viz. wind, storm surge, pressure, rainfall, damage report, 
satellite and Radar derived information etc. and their exchange with Panel 
member countries. 

ǒ Preparation of comprehensive annual reports on cyclonic disturbances 
formed over North Indian Ocean every year. 

ǒ        Preparation of annual review report on various activities including 
meteorological, hydrological and disaster preparedness and prevention 
activities of panel member countries. 

ǒ Research on storm surge, track and intensity prediction techniques. 
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CHAPTER- I 
 

ACTIVITIES OF REGIONAL SPECIALIZED METEOROLOGICAL 
CENTRE ï TROPICAL CYCLONES, NEW DELHI 

 
1.1 AREA OF RESPONSIBILITY 
 

The area of responsibility of RSMC- New Delhi covers Sea areas of north 
Indian Ocean north of equator between 450 E and 1000 E and includes the 
member countries of WMO/ESCAP Panel on Tropical Cyclones viz, Bangladesh, 
India, Maldives, Myanmar, Pakistan, Sri Lanka, Sultanate of Oman and Thailand 
as shown in Fig. 1.1.  

 
 

 
 

Fig. 1.1   Area of responsibility of RSMC- Tropical Cyclone, New Delhi 
 
 

1.2 Naming of tropical cyclones over north Indian Ocean: 
 

The WMO/ESCAP Panel on Tropical Cyclones at its twenty-seventh 
Session held in 2000 in Muscat, Sultanate of Oman agreed in principle to assign 
names to the tropical cyclones in the Bay of Bengal and Arabian Sea. After long 
deliberations among the member countries, the naming of the tropical cyclones 
over north Indian Ocean commenced from September 2004. RSMC New Delhi is 
continuing the naming of Tropical Cyclones formed over North Indian Ocean 
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since October 2004. The first name was óONILô which developed over the Arabian 
Sea (30 September to 03 October, 2004). According to approved principle, a list 
of 64 names in eight columns has been prepared. The name has been 
contributed by Panel members. The RSMC tropical cyclones New Delhi gives a 
tropical cyclone an identification name from the above name list. The Panel 
memberôs name is listed alphabetically country wise in each column. The names 
are used sequentially column wise. The first name starts from the first row of 
column one and continues sequentially to the last row in column eight. The 
identification system covers both the Arabian Sea and the Bay of Bengal. These 
lists are used sequentially, and they are not rotated every few years as are the 
Atlantic and Eastern Pacific lists. Out of 64 approved names, 21 names have 
been utilized till the end of year 2009. 

 
 

1.3  OBSERVATIONAL SYSTEM 
 

A brief description of different types of observational network of IMD and 
observations collected from networks are given below.  
 
1.3.1  Surface Observatories 
 

IMD has a good network of surface observatories satisfying the 
requirement of World Meteorological Organization. There are 559 surface 
observatories in IMD. The data from these stations are used on real time basis 
for operational forecasting. Recently a number of moored ocean buoys including 
Meteorological Buoy (MB), Shallow Water (SW), Deep Sea (DS) and Ocean 
Thermal (OT) buoys have been deployed over the Indian Sea, under the National 
Data Buoy Programme (NDBP) of the Ministry of Earth Sciences, Government of 
India. A number of Automated Weather Stations (AWS) are also in operation 
along the coast and provide surface observations on hourly basis which are 
utilized in cyclone monitoring and forecasting.  

 

1.3.2. Upper Air Observatories  
 

There are at present 62 Pilot Balloon Observatories, 39 Radiosonde/ 
Radiowind observatories and 01 Radiosonde Observatory. The upper air 
meteorological data has been collected all over the country are used on real time 
basis for operational forecasting.  

A Wind Profiler/Radio Acoustics Sounding System has been installed at 
Pashan, Pune in collaboration with M/S SAMEER, Mumbai and IITM, Pune. The 
instrument is capable of recording upper air temperature up to 3 Km and upper 
wind up to 9 km above Sea level. The performance of the instrument is being 
monitored. 
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1.3.3. Radar 
 
1.3.3.1  Cyclone Detection Radars 

  There are 11 S-band radars for Cyclone Detection located at Kolkata, 
Chennai, Visakhapatnam, Machilipatnam, Sriharikota, Paradip, Karakikal, Kochi, 
Goa, Mumbai and Bhuj (Fig.1.2) Out of these 11 stations, 6 stations (except 
Kolkata, Chennai, Visakhapatnam, Machilipatnam, Sriharikota) are using 
conventional S-band radars. Four numbers of S-band Doppler Weather Radars 
(Meteor 1500 S) imported from M/s Gematronik. Germany were installed, 
commissioned and made operational at Chennai, Kolkata, Machilipatnam and 
Visakhapatnam respectively with effect from 22.02.2002, 29.01.2003, 08.12.2004 
and 27.07.2006 respectively. One indigenous Doppler Weather Radar developed 
by Indian Space Research Organization (ISRO) under IMD-ISRO collaboration 
has  also been installed and made operational at SHAR Centre, Sriharikota 
(Andhra Pradesh) with effect from 9 April, 2004.Old conventional Radar at 
Kolkata was dismantled and was re-installed at Goa. As the radars at Goa, 
Mumbai, Paradip, Karaikal, Bhuj and Kochi have become old/obsolete, these 
radars are under the process of written off. In these places new radars procured 
from M/s Beijing Metstar, China will be installed. Rest of these radars are 
expected to be installed/commissioned by the end of December, 2010. 

             Doppler Weather Radars Provide vital information on radial velocity and 
spectral width, in addition to reflectivity which is also available from conventional 
(analog type) of radars.  Reflectivity estimates obtained from these radars are 
more accurate in comparison to those from conventional radars as the Doppler 
Weather Radars have capability for correcting the values for clutters, partial 
beam filling, beam blockage and bright band.  The Doppler Weather Radars 
generate various derived products in addition to primary PPI and RHI displays.  
Surface Rainfall Intensity (second level product derived from reflectivity) and 
other hydrological products like Precipitation Accumulation (PAC), Vertical 
Integrated Liquid (VIL) are very important for issuing warnings for heavy rain, 
fresh flood and hail.  The algorithms for generation of these products employ 
some adaptable parameters which depend on drop size distribution (DSD) 
present in the precipitation (DSD is different for different season, geographical 
location and type of precipitation).  
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Fig. 1.2. S-band Cyclone Detection Radar Network 
 
1.3.3.2 Storm Detection Radars  

There are at present 9 X-band radars working on 3 cm wavelength for the 
purpose of storm detection. These are located at Kolkata, Chennai, Guwahati, 
Ranchi, Delhi (Palam), Lucknow, Mumbai, Nagpur and Agartala airports (Fig 1.3). 
Out of these BEL Make X-band radars installed at Mumbai, Delhi (Palam), 
Lucknow, Agartala, Patiala,  Chennai and Nagpur have become old/obsolete and 
are under replacement with DWR's procured from M/s Beijing Metstar, China. 
Two radars located at Sriganganagar and Jaisalmer which operate in S-Band 
frequency are also used for storm detection and warning. One conventional S-
band radar installed at Mausam Bhawan, New Delhi which was used for testing 
and training purpose is under process of replacement with C-band dual 
polarisation radar. 
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1.3.3.3  Multi-Met Radars 

17 X-band radars of IMD's radar network which operate in 3 cm frequency 
range are used for both storm detection and wind finding purpose.(fig 1.3). 7 X 
band radars installed at Ahmedabad, Goa, Mangalore, Visakhapatnam, 
Bhubaneshwar, Mohanbari and Bangalore are latest digital technology based 
EEC radars. These radars have the facility of computer controlled operation with 
presentation of wind profile and display of reflectivity of clouds. Out of these 
radars at Mohanbari and Goa have become old/obsolete and are under  
replacement with new DWR procured from M/s Beijing Metstar, China. Process 
for their write off has already been initiated.  The remaining 10 radars located at 
Patna, Bhopal, Patiala, Machilipatnam, Karaikal, Hyderabad, Chennai, 
Thruvanthapuram, Delhi and Srinagar are conventional analog radars. Out of 
these, the radar at Srinagar has been dismantled and process of write off of this 
radar has already been initiated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  1.3. Storm Detection and Multi-Met Radar network 
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Future Plan  

              IMD is modernizing its observational network in the phased maner. In 
the first phase, Supply order for the supply of 12 DWRs has been placed on M/s 
Beijing Metstar, China. Four conventional radars located at Paradip,Karaikal, 
Goa and Mumbai will be replaced by the end of December,2010. The other eight 
radars will replace X-band radars located at Delhi (Palam), Patiala, Lucknow, 
Nagpur, Hyderabad, Mohanbari, Agartala and Patna. Radar at Bhopal will be 
stand by replacement in case of difficulties in Hyderabad. The tentative schedule 
for their installation/commissioning is given below:-  

1. Delhi , Palam Installaton : January,2010 , Comm. : February,2010 

2. Hyderabad* Installaton :February, 2010, Comm. : March, 2010 

3. Goa Installaton :April, 2010, Comm. : May, 2010 

4. Mumbai Installation & Commissioning will be done after the 
approval of MOD / MEA. 

5. Agartala Installaton : April, 2010,  Comm. :  May , 2010 

6. Patna Installaton : March, 2010, Comm. : April,  2010 

7. Mohanbari Installaton :May,2010,Comm. :  June, 2010 

8. Lucknow Installaton :May,2010, Comm. :  June, 2010 

9. Patiala Installaton : July, 2010,  Comm. :  August, 2010 

10. Nagpur Installaton : June, 2010,Comm. :   July,  2010 

11. Karaikal Installaton : June, 2010, Comm. :  July, 2010 

12. Paradip Installaton :September, 2010,Comm. :  October, 2010 

13. Bhopal* Installaton : October,2010,  Comm. :  November, 2010 

              * Radar at Bhopal is stand by of Hyderabad radar in case the building is 
not ready.                                                                   

             IMD is also procuring two S-band DWR's from M/s BEL, Bangalore which 
will replace Cyclone Detection Radars at CDR Bhuj and CDR Kochi. They are 
expected to be installed/commissioned by March,2010 and September,2010 
respectively. Two C-band dual polarimetric DWR's are also to be installed at 
Jaipur and Delhi for Common Wealth Games.  

             IMD plans to install 20 DWR's (7 C- band & 13 S-band) in 2nd Phase of 
modernisation scheme of IMD Weather Radar network by 2012.  
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1.3.4 Satellite Monitoring 

1.3.4.1 Current status:  

At present IMD is receiving and processing meteorological data from two 
Indian satellites namely Kalpana-1 and INSAT-3A.  Kalpana-1 was launched on 
12th September, 2002 and is located at 740 E.  INSAT-3A was launched on 10 
April, 2003 and is located at 93.50 E. Kalpana-1 and INSAT-3A both have three 
channel Very High Resolution Radiometer (VHRR) for imaging the Earth in 
Visible (0.55-0.75 um), Infra-Red (10.5-12.5um) and Water vapour (5.7-7.1um) 
channels having resolution of 2X2 km. In visible and 8X8 km. in Water vapour 
(WV) and Infra red (IR) channels.  In addition the INSAT-3A has a three channel 
Charge Coupled Device (CCD) payload for imaging the earth in Visible (0.62-
0.69um), Near IR (0.77-0.86um) and Short Wave IR (1.55-1.77um) bands of 
Spectrum. The Resolution of CCD payload in all the three channels is 1KmX 1 
Km. at Present about 48 nos. of satellite images are taken daily from Kalpana-1 
which is the main operational satellite and 9 images are taken from INSAT-3A. 
Imaging from CCD is done 5 times during daytime only. All the received data 
from the satellite are processed and archived in National Satellite Data Centre 
(NSDC), New Delhi.  

Indian Meteorological Data Processing System (IMDPS) is processing 
meteorological data from INSAT VHRR and CCD data and supports all 
operational activities of the Satellite Meteorology Division on round the clock 
basis. Cloud Imagery Data are processed and transmitted to forecasting offices 
of the IMD as well as to the other users in India and foreign countries.  

Apart from generating half hourly cloud imagery, IMDPS produces Satellite 
Data derived products from the processed data as follows:  

¶ Cloud Motion Vectors (CMV) are derived using three consecutive half 
hourly images from the operational Kalpana-I Satellite. CMV are 
generated at 00, 03,06,09,12,15 & 18 UTC using IR imagery daily.  

¶ Water Vapour Winds (WVWs) are derived using three consecutive half 
hourly images from the operational Kalpana-I Satellite. CMV are 
generated at 00, 03, 06, 09,12,15 & 18 UTC using water vapour imageries 
data.  

¶ Sea Surface Temperatures (SST) are computed at 10 x 10   grid intervals 
from all Kalpana-I data on half hourly /daily /weekly/monthly basis.  

¶ Outgoing Longwave Radiation (OLR) are computed at 0.250 x 0.250   grid 
intervals from all Kalpana-I data on half hourly /daily /weekly/monthly 
basis.  

¶ Quantitative Precipitation Estimation (QPE) is generated at 10 x 10   Grid 
from Kalpana-1 imagery on half hourly/daily/weekly/monthly basis.   
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¶ At present Dvorak technique is widely used but manually applied. Recently 
efforts have been made for atomization of this technique. Automated 
Dvorak technique is running in experimental mode at Synoptic Application 
Unit, Satellite Meteorology Division.  

Satellite Application Unit is issues three hourly bulletins in general and 
hourly and half hourly bulletins in case of tropical cyclones. The unit has 
modified these bulletins and included the forecast part also in 2009.  

The Satellite Meteorology Division updates twelve images on the IMD 
website every half hour from the VHRR payload. It also updates images of 
various geophysical products as and when available. 

 With the Web Archival System- A system developed at IMD 
KALPANA/INSAT3A data products and imageries are being archival since 
January 2009. The automatic script is being used to keep and update the 
images/products on the website upto 2 months.  These are available to all 
users. 

On 23rd Sept 09, polar orbiting satellite OCEANSATïII has been launched 
by ISRO which will carry a ku band pencil beam scatterometer to provide 
ocean surface winds at 10 m ht for early detection of Tropical cyclones.  

 1.3.4.2.    Digital Meteorological Data Dissemination: 
 
 IMD transmits processed imagery, meteorological and facsimile weather 
charts to field forecasting offices distributed over the country using the Digital 
Meteorological Data Dissemination (DMDD) facility, through INSAT in broadcast 
mode. The bulletins providing description of the cloud organization and coverage 
are also sent as advisory to forecasting offices every synoptic hour. When 
cyclones are detected in satellite imagery, these bulletins are sent every hour. 
Such advisories are also transmitted to the neighbouring countries. 

Processed satellite imagery, analyzed weather charts and conventional 
synoptic data are up-linked to the satellite in C-band. Satellite broadcasts these 
data to DMDD receiving stations in S-band. DMDD receiving stations analyze 
weather imagery and other data to generate required forecast. There are 37 no. 
of DMDD stations  installed in India. Three DMDD receiving stations are also 
operating in neighbouring SAARC countries at Sri Lanka, Nepal and Maldives. 
These stations are receiving direct broadcast of cloud imagery, weather facsimile 
charts and meteorological data on an operational basis. The frequency of 
transmission from ground to satellite (uplink) is 5886 MHz and that of downlink is 
2586 MHz. 
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1.3.4.3 Future Plan: 
 
              Under INSAT-3D programme, a new Geostationary Meteorological 
Satellite INSAT-3D is being designed by ISRO.  It will have an advanced imager 
with six imagery channels (VIS, SWIR, MIR, TIR-1, TIR-2, & WV) and a nineteen 
channel sounder (18 IR &1 Visible) for derivation of atmospheric temperature and 
moisture profiles.  It will provide 1 km. resolution imagery in visible band, 4 km 
resolution in IR band and 8 km in water vapour channel. This new satellite is 
scheduled for launch in 2010 and will provide much improved capabilities to the 
meteorological community and users. In preparation for the reception and 
processing of this data, SAC-ISRO has installed a data reception and processing 
system to process the data from the INSAT 3A and Kalpana 1 satellites. After full 
commissioning, the system will be able to receive and process the data from all 
the above three satellites on real time mode and produce the following products: 
 

1. Outgoing Long wave Radiation (OLR) 
2. Quantitative Precipitation Estimation ( QPE) 
3. Sea Surface Temperature (SST)  
4. Snow Cover 
5. Snow Depth 
6. Fire 
7. Smoke 
8. Aerosol 
9. Cloud Motion Vector (CMV) 
10. Water Vapor Wind  (WVW) 
11. Upper Tropospheric  Humidity (UTH) 
12. Temperature, Humidity profile & Total ozone  
13. Value added parameters from sounder products 

a) Geo-potential Height  
b) Layer Perceptible Water  
c) Total Perceptible Water  
d) Lifted Index  
e) Dry Microburst Index  
f) Maximum Vertical Theta-E Differential  
g) Wind Index  

14. Fog 
15. Normalized Difference  Vegetation Index 
16. Flash Flood Analyzer 
17. Himalayan Snow Cover Analysis System (HSCAS) 
18. Tropical Cyclone-intensity /position 

   
1.4. Analysis and Prediction 
 

Cloud imageries from Geostationary Meteorological Satellites INSAT-3A 
and METSAT (KALPANA-1) are the main sources of information for the analysis 
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of tropical cyclones over the data-sparse region of north Indian Ocean. Data from 
Ocean buoys also provide vital information. Ship observations are also used 
critically during the cyclonic disturbance period.  

The analysis of synoptic observations is performed four times daily at 00, 
06, 12, and 18 UTC. During cyclonic disturbance ( depression and above 
intensity), synoptic charts are prepared and analysed every three hour to monitor 
the tropical cyclones over the north Indian Ocean.  

 

The direction and speed of the movement of a tropical cyclone are 
determined primarily from the three hourly displacement vectors of the centre of 
the system and by analyzing satellite imageries. When the system comes closer 
to the coastline, the system location and intensity are determined based on 
hourly observations from CDR and DWR stations as well as coastal 
observatories. The AWS stations along coast are also very useful as they provide 
hourly observations on real time basis. The WVWV  and CMV in addition to the 
conventional wind vectors observed by Radio Wind (RW) instruments are very 
useful for monitoring and prediction of cyclonic disturbance, especially over the 
Sea region. 

A new weather analysis and forecasting system has been installed at IMD, 
New Delhi, which has the capability to plot and analyse different weather 
parameters, INSAT & radar imagery and NWP products using PC software 
known as synergie adopted procured from Mateo France International (MFI ). It 
has a tropical cyclone model, to deal with various aspects of cyclonic 
disturbance. The experimental run in the system commenced to the end of 2009.   

1.5. PREDICTION MODELS IN OPERATIONAL USE DURING THE YEAR 

2009 

1.5.1. Quasi-Lagrangian Model (QLM)  

          
The QLM, a multilevel fine-mesh primitive equation model with a horizontal 

resolution of 40 km and 16 sigma levels in the vertical, is being used for tropical 
cyclone track prediction in IMD. The integration domain consists of 111x111 grid 
points centred over the initial position of the cyclone. The model includes 
parameterization of basic physical and dynamical processes associated with the 
development and movement of a tropical cyclone. The two special attributes of 
the QLM are: (i) merging of an idealized vortex into the initial analysis to 
represent a storm in the QLM initial state and (ii) imposition of a steering current 
over the vortex area with the use of a dipole. The initial fields and lateral 
boundary conditions are derived based on global model (T-80 and T254) 
forecasts obtained online from the National Centre for Medium Range Weather 
Forecasting (NCMRWF), India. The model is run twice a day based on 00 UTC 
and 12 UTC initial conditions to provide 6 hourly track forecasts valid up to 72 
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hours. The track forecast products are disseminated as a World Weather Watch 
(WWW) activity of RSMC, New Delhi.  
 
 1.5.2. Limited Area Model (LAM) 
 
            The operational forecasting system known as Limited Area Forecast 
System (LAFS) is a complete system consisting of data decoding and quality 
control procedures, 3-D multivariate optimum interpolation scheme for objective 
analysis and a semi-implicit semi-Lagrangian multi-layer primitive equation 
model. The model is run twice a day based on 00 UTC and 12 UTC observations.  
The horizontal resolution of the model is 0.750x0.750 lat. / long. With 16 sigma 
levels in the vertical. First guess and boundary conditions for running the LAFS 
are obtained online from global forecast model being operated by the NCMRWF. 
During cyclone situation, the model is run by including Holland vortex scheme. 
The forecast products are disseminated as a WWW activity of RSMC, New Delhi.  
 
1.5.3.  Non-hydrostatic Meso-scale Model MM-5 (Version 3.6) 
 
     The non-hydrostatic model MM-5 is being run on operational basis daily once 
based on 00 UTC initial conditions for the forecast upto 72 hours. The horizontal 
resolution of the model is 45 km with 23 sigma levels in the vertical. The domain 
of integration covers the area between lat. 25.0o S to 45.0o N and long. 30o E to 
120.0o E. National Centre for Environmental Prediction (NCEP) analysis and six 
hourly forecasts are used as initial and boundary conditions to run the model. 
During cyclone situations, the model is run by including Holland vortex scheme. 
The forecast products are disseminated as a WWW activity of RSMC, New Delhi. 
 
1.5.4. Non-hydrostatic mesoscale model WRF  
 

Weather Research and Forecast (WRF) model has been implemented 
based on  00 UTC initial and boundary conditions from NCEP model outputs for 
the forecast up to 72 hours.  The model is run with a single forecast domain 
covering Indian subcontinent at the horizontal resolution of 27 km.  The 
performance of the model is found to be reasonably skilful for cyclone genesis 
and track prediction. 
 
1.5.5. Multi-model ensemble (MME) technique  
 

The multi model ensemble (MME) technique   is based on a statistical 
linear regression approach. The predictors (shown in Table 1.1) selected for the 
ensemble technique are forecasts latitude and longitude positions at 12-hour 
interval up to 72-hour of five operational NWP models. In the MME  method, 
forecast latitude  and longitude position of the member models are linearly 
regressed against the observed (track) latitude  and longitude position  for each 
forecast time at 12-hours intervals for the forecast up to 72-hour. The outputs at 
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12 hours forecast intervals of these models are first post-processed using GRIB 
decoder. The 12 hourly predicted cyclone tracks are then determined from the 
respective mean sea level pressure fields using a cyclone tracking software.   
Multiple linear regression technique is used to generate weights (regression 
coefficients) for each model for each forecast hour (12hr, 24hr, 36 hr, 48hr, 60hr, 
72hr) based on the past data. These coefficients are then used as weights for the 
ensemble forecasts.   
12-hourly forecast latitude (LATf) and longitude (LONf) positions by multiple linear 
regressions technique is defined as: 
 
 
  LATf

t = ao+ a1ECMWFt
lat + a2NCEP t

lat
 +a3JMAt

lat + a4MM5t
lat + a5QLMt

lat 
 LONf

t = aôo+ aô1ECMWFt
lon + aô2NCEPt

lon
 +aô3JMAt

lon
 + aô4MM5t

lon
 + 

aô5QLMt
lon 

            for t = forecast hour 12, 24, 36, 48, 60 and 72 
The constant term a0 and coefficients a1, a2, é.., a5  for 12 hourly forecast 
intervals for latitude and aô0 and coefficients aô1, aô2, é.., aô5  for longitude are 
given in Table 1.2 and Table 1.3 respectively. In the updated version,  IMD WRF 
model is also included as an ensemble member.  
 

Table 1.1:  Model Parameters 
 

S.No. Member models Symbol of Predictors 

Latitude 
position 

Longitude 
position 

1. European Centre for Medium-
Range Weather Forecasts  
(ECMWF), 

ECMWFlat ECMWFlon 

2. GFS of National Centers for 
Environmental Prediction (NCEP) 

NCEPlat NCEPlon 

3. Japan Meteorological Agency 
(JMA) 

JMAlat JMAlon 

4. MM5 Model MM5lat MM5lon 

5. Quasi-Langrangian model (QLM) QLMlat QLMlon 

 
 
 
 
 
 
 
 
 
 
 




