November 17, 2003

From :

Dr. J. V.M. Naidu

Director-in-Charge

Cyclone Warning Centre,

Visakhapatnam.

To

Director General Meteorology,

Mausam Bhavan

New Delhi.

Sir,


Sub :  Report on work shop at Kuantan, Malaysia 


Ref  :   DGM No.O52101(I)/WKSP/2003 dt 10 Sept 2003


Kindly find enclosed a report on my participation in the work shop at Kuantan, Malaysia during 15-19 September 2003. From the deliberations, the following recommendations are made for further consideration  in  Cyclone forecasting.

1. In all the Cyclones bulletins, the forecast of significant Ocean wave heights and storm may also be given for better appreciation by the public and cooperate in Cyclone Mitigation to contain loss of life.

2. To develop these forecasts at least two officers at each Cyclone Warning Centres / ACWCs may be trained on developing operationally ocean forecasts, using the latest version of PCs loaded with LINUX operating system.

3. The task of establishing Doppler Radars in place of existing S-Band  Radars in all the coastal areas may have to be completed at least within next 2 – 3 years so as to provide the wind parameters of the storm as an input data for ocean wave/storm surge modeling.

The Report could not be submitted earlier as the training out puts were in LINUX operating system which is not available in any of the existing PCs at CWC .

Thanking you,

Yours sincerely,

(Dr. J.V.M. Naidu)

Report on the Malaysia Tour of  Dr. J. V. M. Naidu for attending the
Workshop on “A Hands on Ocean forecasting for south China sea region”

Dr J. V. M. Naidu, Director, Cyclone Warning Centre, Visakhapatnam was deputed by Government of India to attend the workshop held during September 15-19 2003 at Kuantan, Malaysia as a resource person. The workshop is the follow up of the previous one held in Hanoi, Vietnam in January 2002. This was organized by World Meteorological Organization (WMO) and Joint Commission for Oceanography and Marine Meteorology (JCOMM) with the assistance of Malaysian Meteorological Service. Its aim was to develop models and train forecasters for ocean waves and storm surges that occur in association tropical cyclones. This phenomenon has adverse effects on coastal structures, fishing vessels and other offshore structures. 

The workshop was conducted for five days. On 15th   and 16th September 2003, all the participants and resource persons from China, Hong Kong (China), Macao (China), Malaysia, Singapore, Philippines, Indonesia, Cambodia, Thailand, Viet Nam, Myanmar, India, Bangladesh and Democratic Republic of Korea presented the present status of Ocean wave or storm surge forecasting in respective countries. 

Dr. Naidu presented a lecture on “Strom surge Forecasting in Indian Seas” which is being operationally used in India (Summery is presented in Annexure- I). Although the storm surge forecasts developed by IMD and IIT, Delhi are fairly in good agreement the values are about 50% less than the observed storm surge. The basic bathymetry data used in the nomograms that were developed by Ghosh(1995) has changed in the last two decades due to continuous sedimentation taking place at continental shelf due to the erosion from inland areas. Regarding  the ocean wave forecasts these  are not being issued by IMD. To issue operationally  during the cyclone warnings the Cyclone characteristics of the storm  such as the wind field, bathymetry details, etc are not available. But many other countries do have regular forecasts issued for their offshore and over sea operations. 

On 15th to 16th, the workshop arranged for the participants to present the operations in the respective countries. On 17th  lectures by the team leaders to familiarize themselves with the technical and operational techniques that were developed by the experts on sea wave and storm surge forecasts. Later the participants were divided into four groups two work on ocean waves and the two on storm surges. Dr. Naidu participated in training on “Ocean wave model” based on WAM model. The group was headed by Dr. Magnar from Netherlands. 

The models were run on Linux machines which were quite new to many. So, to work on this Linux operating system some more familiarization is required. However, the results appear to be of great importance in understanding the sudden rise of the sea seen as a ocean wave due to a cyclone as far as several hundreds of  km away from the storm centre. These studies need to be developed very much in India to understand and issue necessary Ocean forecasts for all sea going vessels and fishing boats. An example of the forecasted wave heights with the Typhoon LINDA is given below which clearly brings out these features
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Fig.1  Ocean waves of height exceeding 3 meters due to typhoon LINDA extending to 1200 km from the storm centre.

CONCLUSIONS:

Dr. Naidu presented some points for follow up action of the conference are reproduced in the Annexure II. Similarly the example of the ocean waves capsizing the coastal boat, which took place recently in river Krishna estuary, is also presented in Annexure III to appreciate the usefulness of the ocean wave forecast.

From the above participation it is recommended that IMD should take up forecasting of ocean waves, storm surges for the all sea and coastal districts of the country so as to give an advance warning quantitatively and avoid loss of life.  

Annexure I

Storm Surge forecasting at Indian seas

By

Dr. J. V. M. Naidu

 Cyclone Warning Centre

Visakhapatnam

Storm surge is a rise of the sea level crossed by a cyclonic storm moving in a continental shell. It is generated due to interaction of air, sea and land. The rise in water level is in addition to the astronomical tides. In India in 1876 a Cyclonic storm crossed between Calcutta and Chittagong at the estuaries of river Meghna which has taken a toll of more than  one  lakh people and another cyclonic on 13 Nov 1970 a toll of 3 lakh people in East Pakistan . Recently another 1.38 lakh people died on 30 April,1991 in Bangladesh due to storm surge inundation. The estimate of the storm surge is very important in disaster mitigation and management.

A detailed review of storm surge in Bay of Bengal is given by Das (1994) and Ghosh (1195) for Indian seas. The storm surge caused by the Cyclonic storm is also influenced by factors like the track of the cyclonic storm, the bathymetry near the landfall, the diameter of the maximum wind zone and the phase of the astronomical tides. 

Since the atmospheric pressure is lowest at the center of the storm there is an increase in sea level (inverse barometer effect).   The increased sea level is pushed forward in the direction of the storm towards the coast which is having a continental shore.  The height of the sea level accentuated by the wind and swell waves that break near the coast also contributes in addition to the cyclonic storm surges, in causing coastal inundation as the water particles have considerable momentum as they move towards shore. 

      Miyazaki (1957) advocated a relation for predicting maximum surge 

  h = A (Po-P) + BV2Cos ( + C hf    ……(1)

Where P and Po are the lowest and the mean monthly pressure   in hPa and θ the angle between the vector wind and the direction along which the wind set up is most effective. A, B and C are constants and hf  is the wave set up.

This is subsequently modified by  Ghosh (1977) and Das (1994 ) which reads as 

  h = ao (( P) + a1  (( P) 2  + a2 C……(2)

Another simple formula for one dimensional channel is given as 

g  ρ h = ( P + ∫ 1/D ( (s –(B) dχ  ……(3)

where (s  and (B are the tangential and bottom stresses, D depth of water, g is acceleration due to gravity, ρ density of water, χ = 0 at the origin of the effective fetch.

Based on the  above principles  Gosh (1995) developed equations for storm surge h,

(h/(t + (U/(z +  (V/(y = 0…….…(4)

where h storm surge U and  V are the components of volume transport given as follows.

(U/(t=    - g D ( B r   ((h-ho)/(z - B ir  ((h-ho)/(y + f   ( A r V +  A i U (+ C r  T s x  - C i  T s y 
…….(5 a)

(V/(t=    - g D ( B r   ((h-ho)/(y - B ir  ((h-ho)/(x - f   ( A r U _  A i V  (+ C r  T s y  + C i  T s x 
     …….(5 b)

where r and i represent real and imaginary parts and superscripts x and y represent components of surface wind stress, while A and B are constants.

Ghosh  (1995) constructed nomograms, which can be used to estimate empirically the storm surge in terms of the cyclone intensity, diameter of the maximum wind, bathymetry of the landfall point and  the direction of the storm with respect to the coast. These are widely used now to estimate the storm surge for various coasts in India with a fairly good accuracy. Fig 1 to 3 are the nomograms developed by Ghosh (1995) which are used to  numerically arrive the storm surge values by IMD 
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Fig.1.   Diagrammatic representation of the storm Surge
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Fig. 3. Nomogram for estimating shoaling factor, for east coast of India.
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Fig.4. Radar picture to measure the radius of maximums winds

Fig.4 gives the radar imagery of the storm through which the radius of the maximum wind can be extracted in computing the storm surge. However, when the time of crossing of the storm augmented by the Solar and lunar tides the inundation is high.  Also as the topography of inland areas plays an important role in the drainage of the accumulated water due to these tidal forces which has the bearing of the effect of the disaster. 

The operational aspect of warning for the storm surge can be at least 25 to 50% higher than the calculated due to the high coastal variations of the boundary and bathymetry.  While warning for the storms that are skirting the coast much more judicious evaluation is necessary. 
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Fig. 5. Nomogram of  the Correction factor for vector storm motion. Radii are the storm speeds and the rays are the crossing angles of storm track to the coast measured clockwise from north.
	Comparative results of Ghosh and IIT models.

	Name of cyclone
	Year
	Pre.drop (hpa)
	Peak surge in metres

	
	
	
	Ghosh
	IIT, Dehli
	Observed

	Nellore
	1927
	80
	2.6
	3.1
	3.0

	Machilipatnam
	1949
	60
	2.8
	2.8
	2.5

	Kakinada
	1969
	45
	1.1
	2.8
	2.6

	Paradeep
	1971
	45
	4.1
	4.0
	4.5

	Porbandar
	1974
	66
	2.5
	4.0
	3.0

	Diviseema
	1977
	80
	4.8
	5.0
	5.6

	Kavali
	1979
	60
	2.7
	3.3
	3.0

	Chandbali
	1982
	50
	5.0
	3.5
	3.4

	Kavali
	1989
	70
	3.2
	3.8
	3.4

	Machilipatnam
	1980
	80
	4.0
	4.4
	3.5

	Tuticorin
	1992
	12
	1.0
	1.0
	1.0

	Karaikal
	1993
	50
	1.6
	1.0
	1.0

	Madras
	1994
	13
	0.4
	0.8
	1.1

	Kakinada
	1996
	30
	0.8
	1.6
	1.5

	Kandla
	1998
	4
	2.2
	3.3
	2.3

	Paradeep
	1999
	87
	3.5
	7.5
	5.6


Table.1 comparison of the storm surge from two different models

with the estimated observations
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Annexure II

Points presented by Dr. J. V. M. Naidu for recommendations

at the Malaysia conference

· As  all the  models  are sensitive to wind velocity the ambiguity in the reporting of wind velocity may be resolved in an acceptable form ( Such as,  of 1-3 minute average)  for uniform evaluation of the  models for wider usage . This also facilitates the public for a better estimate of the cyclone intensity .
· All the models relating to storm effects may be extended to a distance of about at least 10 meters above the mean   sea level, inland for undertaking easy cyclone mitigation measures.   
· A Model input and evaluation Group may be constituted for giving proper input parameters, such as delta p, normalized winds and bathymetry data to the modelers in estimation of the intensities of the wave, swell and storm surges.
· Ocean circulation models may also be included   in future workshop programs for understanding the re- curvature and dissipation of cyclonic storms over sea areas.

· To recommend to all the concerned storm - prone countries to procure the necessary hard ware and install models such as of Storm surge, Wind waves and ocean circulation, with the mutual  assistance of the member countries.
· Exchange programs of training if necessary may be taken up, even with the assistance of International/regional Organizations to improve cyclone warning for better disaster mitigation.

*-*-*
Annexure III

A Note on the Passenger Boat tragedy at River Krishna Estuary

Due to the depression in Bay of Benagl

A passenger boat capsized on 7 Oct 2003 near Krishna Estuary. This was attributed in the press from the interviews with the survived passengers that the boat capsized because of the high waves in the river, which  entered into  the boat   and subsequently last its balance and capsized.   The over turning of the boat at the Krishna estuary could have been associated ocean waves generated in association with the depression in Bay of Bengal that crossed near Kalingapatnam. Examples of ocean waves due to a moderate cyclone LINDA,  that crossed Thailand coast shown in Fig. 1( in Annexure I) generating a significant ocean wave of more than 3 m. spreading as far as the  distances 1200 km away from the place storm centre. 
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Fig. 1. Photos of the passenger boat which was hardly a feet above the water level which capsized  at the River Krishna estuary on 7th Oct 2003 killing 20 people.

The photographs in fig. 1 show the passenger boats in coastal water of Bay of Bengal plying hardly above one foot from the sea level, which are highly susceptible for accidents even during low intensity storms/ depressions. So it is suggested that the ocean wave forecasting has to be taken up in a phased manner in the department to fore warn such ocean wave disasters.
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