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Outline of the Talk

• Introduction-Kallakadal/Swell surge Events

• Mechanisms of Long Period Swell Generation in 

the Southern Indian Ocean

• Causative mechanism of  Coastal Flooding 

during Kallakadal Events

• Conclusions



In
 p

ar
tn

er
sh

ip
w

it
h

Wave induced Flash flooding events - Kallakadal/Swell surge

In-situ observations used for the study

➢Kurian et al., [2009] has reported a special case of  coastal flooding during 
pre-monsoon (April-May) season by the long period (~15 s) swell waves on the 
southwest coast of India ,named as Kallakkadal (Sea Thief). 
 Kallan-Thief; Kadal-Sea (local language of Kerala,India –Malayalam)

➢Kallakkadal is a flash flooding event without any precursors or any kind of 
local wind activity to give advance warning to the coastal population. 

➢Version-6.07
➢Source term-ST4
➢Etopo1
➢Spatial resolution      
   1 deg Southern Hemisphere grid
   0.5 deg Indian Ocean grid

0.25 deg  North Indian Ocean grid
   0.04 deg  Coastal grid
➢ Spectral resolution
    29 frequencies and 36 directions

WAVEWATCHIII Multi-Grid setup at INCOIS
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The shaded portion shows major high 

period swell occurrence (March-May 

2005)

Long period swells (>14s) that are having 

a moderate height (>0.4m) and lasting for 

at least a half day (>12 hours)

Wave parameters during the strong swell event 

(17-21 May), off  Mangalore.
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Cut-off low systems during 12-14 May 2005

 

(a,b,d&e) Geopotential Height at 500 hpa are superimposed on sea 

level pressure as contours. Vectors represent the surface wind 

speed.  (c&f) Surface wind fields from QuikScat scatterometer

➢A cut-off low (COL) corresponds to a closed low geopotential height in the 

upper troposphere that has become completely detached (cut off) from the 

basic westerly jets and usually are being advected equator ward of the mid-

latitude westerlies  [Nieto et al.,2008]

➢These COLs are quasi-stationary in nature, providing strong (~25 m/s) and 

long duration (~3 days) winds and a large fetch; essential conditions for the 

generation of swells.  

➢The intense winds associated with COLs in the Southern Ocean trigger the 

generation of waves, and they travel to NIO as swells.

Analysis of meteorological condition 
in the southern Indian Ocean
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➢COL formed on 15th April 2018 near 59 S, 29 E
➢9000 km away from the Indian coast
➢Remained quasi stationary in the generation 
area  for a duration of 36 hours with a wind 
speed 26 m/s
➢ COL ,duration-3.5 days, intensity- 4.6, size-
1600 km
➢The swell waves hit the Seychelles on 20th 
April and 2.75 m wave with a peak wave period 
22s was observed in the INCOIS wave rider buoy

Kallakadal during 21-24 April 
2018

Peak Wave Period (s)



Swell Surge Warning/Alert:4-5 May,2024
• INCOIS issued Swell surge Warning/Alerts to coastal states of Indian on 04 & 05 May 2024. 
• Swell surges were experienced  few low lying areas along the south west coast of India.
• It is success story of INCOIS which provided forecast of Swell surges two days in advance. Wave rider buoys (coastal), 

Moored buoys (deep ocean), and  wave drifters (deep ocean)  recorded swell periods 20-25 sec and swell height 1.2 - 2.8 
m  and the forecast was in good agreement with observations. 
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➢A combination of WAVEWATCHIII and XBeach to study the coastal inundation during high waves. 

➢The bathymetry data is a blend of in-situ data (hydrographic charts, surveyed data from ships) for 
coastal regions and the General Bathymetric Chart of Ocean (GEBCO) data of 30 m spatial resolution 
towards the offshore.

➢Case 1-April 21-24 ,2018 

➢Case 2-March 30-April 2,2024

➢Case 3- May 3-May 7, 2024 

Causative mechanism of Coastal Flooding

WAVEWATCHIII Model Domain

Xbeach Model Domain
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Case 1

Observed short waves 

Simulated long period (IG) wave height (m) 
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Case 2

Observed short waves 

Simulated long period (IG) wave height (m) 
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Case 3

Observed short waves 

Simulated long period (IG) wave height (m) 
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Conclusions

➢The COLs are quasi-stationary in nature, providing strong (~25 m/s) and 
long duration (~3 days) winds and a large fetch; essential conditions for 
the generation of swells.  

➢The intense winds associated with COLs in the Southern Ocean trigger 
the generation of waves, and they travel to NIO as swells

➢The effect of low-frequency (IG) waves and rise in the coastal water 
level due to wave setup plays major roles in the inundation during 
Kallakadal events.



Thank you!
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