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Prof. U. C. Mohanty

Prediction of track and intensity of 
tropical cyclones over Indian seas: 
Present status and future challenges
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The tropical cyclones over Indian Seas are less in 
number and with moderate intensity compared to the 
other TC basins but the death toll is maximum.

As the conventional observations are limited over the 
ocean where TCs form and evolve, the vortex become 
ill-defined in the initial condition and lead to large 
forecast errors in track and intensity.

In the present scenario, the challenge is to reduce the 
forecast errors by better prediction of track and 
intensity.

The climatic studies over Indian seas clearly indicate an 
increasing trend of frequency of severe cyclonic storms in 
the warming environment

Introduction
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1. Enhancement of observational network 
over data sparse regions

2. Data assimilation and Vortex Initialization

4. Interpretation of NWP model outputs

Major efforts to improve TC prediction

3. Improvement in parameterization of 
physical processes

���������

Enhancement of observational 
network over data sparse regions
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Inadequate observations lead to …..

Errors in estimation of the (observed) initial 
position and intensity of the cyclones

Large errors in position from global initial 
analyses and subdued intensity w.r.t best 
position and intensity estimations.

Large errors in prediction of track and 
intensity of TC with NWP models using such 
inaccurate initial values
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For this purpose, over tropical ocean 
three dimensional structure of wind and 
moisture fields are considered to be 
most required initial values.

Hence, Prediction of TC needs accurate 
identification of position, intensity and 
environmental steering current in and 
around the cyclonic vortex.
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Enhancement of observations
In absence of conventional in-situ observations, 
remote sensing platforms are promising 
alternatives :

� Aircraft reconnaissance (dropsonde & DWR)

� Instrumented UAV flights

� Satellites with vertical sounder capabilities

� Coastal network of DWR

� Transmission from densely coveraged buoys 

through satellites
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Satellite derived wind assimilation

Synthetic vortex and initialization

2. Data assimilation and Vortex 
Initialization
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QSCAT – Surface wind speed

MSMR - Surface Wind speed 

SSM/I - Surface Wind speed

METEOSAT – Cloud Motion Wind and Temperature 
(mostly at upper levels)

SATELLITE DATA USED

���������Schematic Diagram of 80 points
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Numerical Experiments

� Control Experiment
[NCEP Reanalysis 26 OCT. 00UTC]

� Reanalysis with insertion of satellite data

� High resolution analysis with synthetic 
(Holland) vortex initialization and nudging   
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TRACK OF ORISSA SUPER CYCLONE
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Time 
(00UTC of 
26 October 

1999)

‘SAT’ Simulation ‘SYNTHETIC’
simulation

Error %
Improvement

Error %
Improvement

Day-1 165 15 31 84

Day-2 104 34 31 80
Day-3 124 37 33 83
Day-4 99 29 39 72
Day-5 94 62 52 83

Displacement errors in track forecast and percentage of 
improvements w.r.t. ‘CONTROL’ simulation
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Error in landfall point and time in Orissa 
super cyclone

Experiments Error in 
location of 

landfall
(in km)

Delay in 
landfall

(in 
hours)

30-km 120 6.5
60-km 172 6.5
90-km 180 21.0
30-km-satellite 92 3.5
30-km-synthetic 
vortex

12 2.0
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Model simulated 24 hours accumulated rainfall 
Day 3 (29.10.99) Day 4 (30.10.99)

Day 5 (31.10.99)
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Time/
EXPERIMENT OBSERVED

Model 
Simulated

Day-3
(29 Oct 99)

08 08

Day-4
(30 Oct 99)

42 32

Day-5
(31 Oct 99)

36 39

RAINFALL OVER ORISSA (in cm)
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Time ��� �
Case ¯̄̄̄

Global Analyses 
(in km)

After synthetic 
vortex (in km)

Case-1 
(25-31 Oct. 1999)

122 00

Case-2
(15-19 Oct. 1999)

584 104

Case-3
(19-23 Nov. 1998)

133 39

Case-4
(13-16 Nov. 1998)

559 31

Case-5
(15-20 May 1997)

347 81

Case-6
(4-7 Nov. 1996)

358 00

Case-7
(22-26 Nov. 1995)

545 00

Case –8
(7-10 Nov. 1995)

165 22

Average 352 35

Reduction in Initial position error (in km) with vo rtex 
initialization 
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Satellite  derived winds 
Assimilation

WRF-ARW modeling systems 
with 9km resolution
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Derived winds of 

QSCAT (wind speed and direction)

SSM/I (wind speed) and

Kalpana water vapor wind and CMVs
Cyclone Location Initial condition (GFS)

NARGIS                    
(27 April – 3 May 2008) 

(5 Cases)
BOB

00UTC of 28 April 2008
12UTC of 28 April 2008
00UTC of 29 April 2008
12UTC of 29 April 2008
00UTC of 30 April 2008

GONU                         
(2 – 7 June 2007)        

(4 Cases)

Arabian 
Sea

00UTC of 2 June 2007
12UTC of 2 June 2007
00UTC of 3 June 2007
12UTC of 3 June 2007

Data used for Assimilation
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o 2851  SSMI   2008042812

(b)

3374  QSCAT  2008042812.

Data ingested into the model IC of TC NARGIS

o 377  Kalpana WV 
and CMV wind

SSMI, QSCAT and Kalpana winds for12UTC of 28 April 2008
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. QSCAT   5794    2007060200o SSMI   2701    2007060200 o Kalpana   33

Data ingested into the model IC of TC GONU

SSMI, QSCAT and Kalpana winds for00UTC of 2 June 2007
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Initial vortex position error

Initial vortex position error of TC GONU
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IC: 00UTC of 28 April 2008 IC: 12UTC of 28 April 2008

IC: 12UTC of 29 April 2008 IC: 00UTC of 29 April 2008

IC: 00UTC of 30 April 2008

Mean track e rror
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TC:  GONU
IC:  00UTC of 2 June 2007 IC:  12UTC of 2 June 2007

IC:  00UTC of 3 June 2007 IC:  12UTC of 3 June 2007
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24-hr accumulated rainfall at landfall for TC NARGI S

IC: 12UTC of 28 April

IC: 12UTC of 29 April

(c) 3DVAR(b) CNTL

(e) 3DVAR(d) CNTL

(a) TRMM
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Mean at landfall
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3. Model Improvement with 
better physical processes 

parameterization
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BMJ
GD

SAS

KF

Prediction of Nargis with different Convection schemes
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4. Interpretation of NWP 
model outputs
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Includes ……

� Systematic bias removal

� Multi model super ensemble

� Probabilistic striking potential
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5-Day Track Forecast Graphic5-Day Track Forecast Graphic
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Mean track and intensity errors with super ensemble  method
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Vijay et.al 2007, Natural Hazards ���������

Orissa Super Cyclone (Oct 1999) Andhra Pradesh cyclone (Nov 1996)

Vijay et.al 2007, Natural Hazards
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CONCLUSIONS
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Track forecast errors (km) for 
effective disaster management

Foreca
st hour

Present 
status

Proposed Future 
challenges

72 250 150 100

48 170 100 50

24 150 50 30
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� Develop coupled mesoscale-atmosphere-ocean and wave model with moving 
nest capability for better simulation and prediction of TC.

� Enhancement of observations over data sparse Indian seas utilizing air 
craft with dropsonde, satellite radiance, airborne DWR systems and UAV 
system in and around core and environment of tropical cyclones.

� Vortex relocation and initialization
� Comprehensive quality control and advance meso scale data assimilation

� Multi model ensemble and probabilistic forecast

� Special field experiments to study

� TC formation/structure change
� Mesoscale versus environment contribution to formation
� Boundary layer impact on air-sea fluxes
� Ocean variability impact on intensity and track

Future Developments 
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