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Surface wave characteristics around Dhanushkodi are
studied based on the measured data in the Gulf of
Mannar and in the Palk Bay. Wave spectra are mainly
double-peaked in the Gulf of Mannar and singlepeaked in the Palk Bay. High waves (maximum wave
height up to 5.4 m) are observed in the Gulf of Mannar compared to the Palk Bay (maximum wave height
is 3.6 m). Wave heights are more in the Gulf of Mannar
during the southwest monsoon period and the waves
are from south-southwest. In the Palk Bay, high waves
are found during the northeast monsoon period.
Swells dominate the Gulf of Mannar, except during
the southwest monsoon period, whereas wind seas
exist in the Palk Bay as distant swells cannot reach the
bay due to the protection by Indian peninsula and
northern extremity of Sri Lanka. Influence of cyclone
Laila is observed during the study period in both the
Gulf of Mannar and the Palk Bay.
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WAVES play an important role in planning the navigational routes and in the study of sediment transport and
coastal processes. Wave-generated long-shore currents
are the driving force for littoral drift. Along the southeast
(SE) coast of India, waves during the southwest (SW)
monsoon have less significance compared to those during
the northeast (NE) monsoon1. Wave spectra are singlepeaked during storm events and the percentage occurrence of double-peaked spectra is higher during low sea
states2. The single-peaked spectra are observed during extreme events, wherein all the energies are concentrated in
the low-frequency region. Wave characteristics along the
east coast of India are studied by various researchers3–6.
Kumar et al.6 found that along the Indian coast about
60% of the wave spectra observed is multi-peaked due to
the presence of seas and swells and they are mainly single-peaked when the significant wave height is more than
2 m. The multi-peaked spectra are mainly due to the existence of wind seas along with the swells and different
methods are used for separation of wind sea and swell7–9.
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Spectral energy density at secondary peak is more than
50% of that at primary peak at 57% of the time for waves
north of Tuticorin10. Along the east coast of India, the
wave activity is significant both during SW and NE monsoons11. Cyclones frequently occur in the Bay of Bengal
and the 1964 Rameshwaram cyclone is one of the severe
storms which affected Sri Lanka and the southern Indian
peninsula12. A shipping channel is planned connecting the
Gulf of Mannar (GoM) with the Palk Bay (PB) known as
the Sethusamudram channel. The characteristics of waves
in this area is not known at present and hence a study was
done to identify the wave characteristics in GoM and PB.
Due to the strong seasonal cycle imposed by the monsoons on the climate of the region, the study was done for
one-year period and the seasonal variation of wave parameters examined.
Near-shore region off Dhanushkodi in Rameshwaram,
Tamil Nadu is the study area located between 9°9′–
9°11′N lat. and 79°24′–79°26′E long. (Figure 1). Dhanushkodi is on the eastern side of Rameshwaram Island and
this narrow strip of land is a few metres wide and surrounded on all sides by seas with GoM in the south and
PB in the north. GoM is much deeper than the shallow
PB, which is a sheltered area due to the Sri Lankan land
mass. The cyclone of December 1964 has been the most
severe storm to affect the Rameshwaram area and led to
vast material and human losses. Tides in this region are
semi-diurnal13, with spring tidal range of 0.6 m and neap
tidal range of 0.16 m. The wave measurement locations
are one each in the GoM (9°6.75′N; 79°24.42′E) and PB
(9°19.16′N; 79°26.02′E). Location in PB is 13 km and
that in GoM is 6 km from the Rameshwaram Island. For
location in PB, the waves are fetch-limited due to the
obstruction of the Sri Lankan coast in the NE to SE and
Rameshwaram Island in the south and the Indian
mainland in the west and northwest. Whereas the location in the GoM is exposed to swells from south to
southwest.
Directional wave data collected at 12 m water depth
using Datawell directional wave rider buoys at two locations are used in the study. Wave data are recorded continuously at 1.28 Hz for a period of one year. From the
recorded heave data of 30 min duration, the wave spectrum is obtained through fast Fourier transform (FFT).
FFT of eight series, each consisting of 256 measured
vertical elevations of the buoy heave data is added to
obtain the wave spectrum. Significant wave height, Hm0
(= 4 m0 ) and the mean wave period, Tm02 (= m0 / m2)
are obtained from the wave spectrum. Here mn is the
nth-order spectral moment and is given by
mn = ∫ ∞0 f n S ( f )df , n = 0 and 2 and S( f ) is the spectral
energy density at frequency f. Mean wave direction (Dp)
corresponding to the spectral peak is estimated based on
circular moments14. Maximum wave height (Hmax) is estimated from the 30-min time-series vertical elevation data
of the buoy. Wind sea and swell are separated from the
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Figure 1.

Study area showing the location of wave measurement.

wave spectrum and the characteristics of swell and wind
sea are studied.
The wave energy spectra are either single-peaked or
multi-peaked. In multi-peaked spectra, the peak in the
low-frequency region is associated with swells and the
peak in the high-frequency region is associated with wind
seas. According to the dominance of swell or wind sea,
frequency of primary and secondary peaks in the spectrum
varies. Wave spectra of GoM are mainly multi-peaked,
indicating the presence of two or more distinct wave
systems prevailing in the region. During fair weather
season (February–May), the sea states of GoM are swelldominated with primary peak in the low-frequency region
and secondary peak in the high-frequency region and during monsoon, the wind sea dominates. Distant swells
from different directions also propagate to this region and
form a complex sea state. The spectral peak shifts from
low- to high-frequency region depending on the strength
of the prevailing winds. Wave spectra of PB are mainly
single-peaked, except during the SW monsoon season.
Because of the dominance of wind seas, the primary peak
of the wave spectrum in PB is always in the highfrequency region of the spectrum. Another feature observed during the spectral analysis is that the secondary peak
occurred approximately at 1.9 times the frequency of the
primary peak in the GoM and at 1.1 times the frequency
in PB. The secondary peak of the multi-peaked spectra
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observed in GoM is similar to that (1.5–2.4 times the frequency of the main peak) reported for the open-sea locations around India6,15. The low value of 1.1 observed in
PB is due to the absence of swells in the region and both
the peaks are in the wind-sea region.
Hm0 varied from 0.2 to 2.7 m with mean value of 0.9 m
and Hmax varied from 0.3 to 5.4 m with mean value of
1.4 m in GoM (Figure 2). Range of wave parameters in
different months are presented in Table 1. Hm0 up to
1.8 m with a mean value of 0.5 m and Hmax up to 3.6 m is
observed in PB. During NE monsoon period, wave activity is comparatively low in GoM, whereas in PB the
wave activity is high. Mean value of Hswell is 0.7 m and
that of Hsea is 0.5 m in GoM. Hswell is negligible in PB
with mean value of 0.1 m. Hm0 exceeded 1 m during 141
days in a year in GoM and 35 days in PB and will have
implications on the allowable draft of the vessels using
the Sethusamudram channel. According to PIANC16 for
Hm0 > 1 m, the ratio of the channel depth and draft of the
vessel is to be 1.3 and for Hm0 < 1 m, the ratio is 1.1 m.
The impact of cyclone Laila is observed at both locations.
Laila cyclone developed over SE Bay of Bengal on 17
May 2010 and initially moved in the west-northwesterly
direction towards south Andhra Pradesh and adjoining
north Tamil Nadu coast17. Cyclone Laila produced a wind
speed of 17.2 m/s in the study area with high wave
heights at both locations. Highest Hm0 of 1.9 m and Hmax
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Figure 2. Variation of wave parameters: (a, b) significant wave height; (c, d) maximum wave height and (e, f ) mean wave direction measured at Gulf of Mannar and Palk Bay.

Table 1.

Range of significant wave height (Hm0) and mean wave period (Tm02) for the swell and wind sea in different months
Gulf of Mannar
Hm0 (m)

Month
February 2010
March 2010
April 2010
May 2010
June 2010
July 2010
August 2010
September 2010
October 2010
November 2010
December 2010
January 2011
February 2011
March 2011

Palk Bay
Tm02 (s)

Hm0 (m)

Tm02 (s)

Swell

Sea

Swell

Sea

Swell

Sea

Swell

Sea

0.3–1.6
0.4–2.1
0.4–1.4
0.1–1.6
0.4–1.2
0.4–1.7
0.0–2.7
0.3–1.2
0.1–1.2
0.2–0.8
0.2–1.1
0.1–1.1
0.0–0.1
0.0–0.7

0.1–0.6
0.1–1.1
0.1–1.1
0.0–1.6
0.8–1.5
0.3–1.6
0.0–1.6
0.3–1.6
0.0–1.9
0.1–1.4
0.1–1.5
0.0–0.6
0.1–0.6
0.0–1.1

10.8–16.9
6.9–16.2
5.9–13.2
8.8–22.2
11.4–17.3
9.0–14.8
9.0–22.3
9.0–14.8
9.9–22.1
10.1–13.9
9.1–14.4
9.1–22.1
9.2–14.9
9.7–16.0

1.9–3.5
1.9–3.6
1.9–3.6
2.2–4.3
3.5–5.5
2.4–4.9
2.4–4.3
2.9–4.5
2.2–6.2
2.1–4.7
1.9–4.9
2.1–3.6
2.1–4.5
2.1–5.0

0.0–0.2
0.0–0.1
0.0–0.1
0.0–0.2
0.0–0.2
0.0–0.2
0.0–0.1
0.0–0.3
0.0–0.2
0.0–0.2
0.0–0.2
0.0–0.2
0.0–0.2
0.0–0.2

0.1–0.6
0.1–1.0
0.0–1.4
0.0–1.0
0.0–1.5
0.0–1.2
0.0–1.2
0.0–1.1
0.0–1.1
0.0–1.1
0.0–1.7
0.0–1.5
0.0–1.5
0.0–1.3

9.4–21.2
7.4–16.4
7.5–19.3
9.3–22.1
6.2–20.7
6.1–12.7
7.7–22.1
9.2–16.1
7.8–21.9
9.1–15.9
9.1–15.1
7.2–22.1
6.2–11.4
6.2–17.1

1.9–3.4
1.9–3.8
1.8–3.3
2.0–4.3
2.1–4.1
1.9–3.3
2.0–3.7
1.9–3.2
1.9–4.3
1.9–4.2
1.9–4.2
2.2–4.1
1.9–3.6
1.9–3.7

of 3 m has been reported10 for the location at 12 m water
depth situated north of Tuticorin in GoM during 1997–98,
whereas during the present study, Hmax up to 5.4 m was
measured indicating the importance of site-specific data
for the project. Highest Hm0 of 2.1 m and Hmax of 3.8 m
during the NE monsoon in the area north of PB in the
Bay of Bengal were observed1 during 1995–96 and
slightly lower values were observed in the present study
in PB.
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Good correlation (correlation coefficient of 0.94) is
obtained between Hm0 and mean wave period (Tm02) in PB
(Figure 3 b) during January to March 2011 since only
wind sea is present. But the correlation between Hm0 and
Tm02 is poor in GoM (Figure 3 a) due to the presence of
wind seas and swells. Empirical relation between Hm0 and
Tm02 is Tm02 = 3.5*H0.25
m0 and the same expression is found
valid for the data collected off Goa18. Good correlation is
found between Hm0 and Tm02 with a correction coefficient
1433
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Figure 3.
Table 2.

Variation of mean wave period, maximum spectral energy with significant wave height.

Percentage of swell and sea
Gulf of Mannar

Month
February 2010
March 2010
April 2010
May 2010
June 2010
July 2010
August 2010
September 2010
October 2010
November 2010
December 2010
January 2011
February 2011
March 2011

Swell (%)
98.4
98.9
85.8
28.5
3.9
24.3
24.2
36.2
6.1
39.5
35.6
52.4
58.1
98.7

Sea (%)
1.6
1.1
14.2
71.5
96.1
75.7
75.8
63.8
93.9
60.5
64.4
47.7
41.9
1.2

Palk Bay
Swell (%)

Sea (%)

0.0
0.0
0.1
6.1
2.8
0.1
2.1
0.0
1.7
0.0
0.0
0.1
0.2
0.8

100.0
100.0
99.9
94.0
97.2
99.9
97.9
100.0
98.3
100.0
100.0
99.9
99.8
99.3

of 0.8 for the shallow water waves of the west coast of
India19. Highest waves are not associated with longest
period waves, similar to the earlier observation20. Maximum spectral energy density (Emax) is found to follow the
1434

empirical relationship proposed for normal sea states
(Emax = 1.55*Hm20), with good correlation coefficient of
0.97 for PB (Figure 3 d) and 0.72 for the GoM (Figure
3 c). Similar trends are observed for Visakhapatnam coast
and the expression is found valid along the Indian coast2.
Wave periods are low (< 8 sec) during southwest monsoon and high (> 8 sec) during pre-monsoon period in
GoM.
The study shows that swells are predominant in GoM
during non-monsoon period (January–April) and during
rest of the year wind sea dominates (Table 2). Even
though wind seas are predominant during May to December, the role of swell is also significant. Dominance of
swell is maximum (98%) during March and dominance of
wind sea is maximum (94%) during October. Swells are
insignificant in PB region as PB is a semi-enclosed
region and distant swells cannot reach this region.
At GoM, the waves are from south-southwest (Figure
2) and in PB, the waves prevailed in all directions (Figure
2), with waves from north-northeast during November to
March and from SE to SW during the remaining period.
For the southern region of GoM, the wave direction
CURRENT SCIENCE, VOL. 104, NO. 10, 25 MAY 2013

RESEARCH COMMUNICATIONS
mostly prevailed 140–230° during SW monsoon (June to
September), 85–150° during NE monsoon and 90–200°
during fair weather period (Rao, B. P., 2002, unpublished
thesis). The wave direction is highly variable in January
and May at GoM. Wave direction mostly prevailed between 60° and 120° during the NE monsoon period, and
90° and 120° during the rest of the year north of PB1.
Range of swell direction varied from 86° to 266° and
wind sea from 14° to 324° in GoM. High-energy waves in
GoM approach from directional sector between SE and
SW and in PB the high-energy waves are from the north.
Wave spectra observed are mainly double-peaked in
GoM and single-peaked in PB. Swells dominate in the
GoM region, except during southwest monsoon period.
Only wind seas exist in PB region as distant swells cannot
reach because the Bay is protected by the Indian peninsula and northern extremity of Sri Lanka. Maximum
wave height observed is 5.4 m at GoM and 3.6 m in PB
and this is higher than the earlier reported values for
GoM. Maximum wave height is observed in GoM during
SW monsoon period and in PB during NE monsoon period.
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