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Abstract

Wave data collected along the west coast of India (off Goa, Ratnagiri and Dwarka)
during non-monsoon season have been analysed to study the co-existence of wind
seas and swells. Diurnal variation in wind and wave parameters is noticeable along the
central west coast of India (off Goa and Ratnagiri), and this is not present along the5

northwest coast of India (off Dwarka). Swells are predominantly mature (91 %) and old
(88 %) during late pre-monsoon and post-monsoon seasons, respectively. Sea Swell
Energy Ratio quantifies wind sea, swell and mixed seas prevailing in the regions during
non-monsoon season. Intermodal Distance (ID) between the energy peaks is moder-
ately separated during non-monsoon season, whereas, during the shamal events, en-10

ergy peaks are very close to each other (ID∼ 0). However, pure wind seas (ID∼ 1) are
found to co-exist with the swells during non-monsoon season. Wind seas are growing,
when wind and wind seas are opposite to swell direction. Wind seas have minimum
angular spreads in multimodal state. Under low winds, the interaction between wind
sea and swell dominates and thereby the multimodal state reduces to unimodal state.15

The fetch available for the evolution of the wind sea spectrum has been estimated, and
it is found to be less than 150 km. For the fetch limited condition, a non-dimensional
empirical relation has been derived relating the significant wind sea height in terms of
wind speed and peak wind sea period, and this relation fits for the west coast of India.

1 Introduction20

Ocean wave spectra consist of wind seas generated by local winds and swells of dis-
tant storms. The characteristics of these waves are different in different seasons. An
attempt has been made to understand the co-existence of wind seas and swells at
different coastal regions in the Indian side of the Arabian Sea during non-monsoon
season. Wave spectra along the west coast of India are generally multi-peaked (Harish25

and Baba, 1986; Kumar et al., 2003; Sanil Kumar et al., 2007), and multi-peakedness is
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mainly due to the co-existence of locally generated wind seas and distant swells (Vetha-
mony and Sastry, 1986). It has been observed that winds along the west coast of India
are primarily dominated by sea breeze – land breeze systems during pre-monsoon
season (Aparna et al., 2005). Sea breeze has impact on the diurnal cycle of sea state
off Goa (Neetu et al., 2006), and the diurnal variations are due to the superimposition5

of local wind seas with pre-existing swells (Vethamony et al., 2011). The development
of pure wind-driven waves is controlled by three basic processes: energy input from
wind to surface waves, nonlinear wave-wave energy transfer and energy dissipation
due to wave breaking. The interaction of individual wave systems in the directional and
frequency spaces is an important factor in how the co-existence of swells modify the10

growth of wind driven waves.
Identification and separation of wave components into wind seas and swells provide

a more realistic description of the sea state, and this has importance to both scien-
tific and engineering applications. Gerling (1992) identified and grouped wave sys-
tems from spatially and temporally distributed observations of directional wave spec-15

tra. Hanson and Phillips (2001) developed automated swell tracking and storm source
identification capabilities to facilitate investigations of surface wave processes in the
open ocean. Based on wave steepness, Gilhousen and Hervey (2001) and Wang and
Hwang (2001) estimated separation frequency to distinguish wind sea and swell. The
partitioning methods (e.g. Gerling, 1992; Wang and Hwang, 2001; Portilla et al., 2009)20

primarily involve separating the wave spectra into two frequency bands, low-frequency
band representing swells and a high-frequency band representing wind seas. Portilla
et al. (2009) found that the use of partitioning gives more consistent identification re-
sults for both 1-D and 2-D spectra. They improved the results of wind sea and swell
classification from 1-D spectra by proposing an algorithm for peak enhancement factor25

(γ∗).
As sea state develops, due to nonlinear interactions peak energy shifts towards lower

frequencies. Distinct double peaks in the spectra indicate that wind sea and swell en-
ergies are well separated. Relatively close double peaks (looks as if single-peaked)
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indicate combination of two wave systems coming from the same/different directions
(Guedes Soares, 1991). Guedes Soares (1984) proposed the ratio of peak frequen-
cies of two components to describe the relation between two wave systems. Rodriguez
and Guedes Soares (1999) proposed two related parameters, the Sea Swell Energy
Ratio (SSER) and the Intermodal Distance (ID) for the classification of sea states and5

to identify spectral distribution in each sea state. In the present study, the asymmetric
and bimodal nature of spectral distribution is examined for these two parameters.

Swells are classified into young, mature and old swells based on significant wave
steepness – a measure of relative wave age to see the types of swells prevailing during
the non-monsoon seasons. Swell steepness diminishes as it propagates into distant10

areas. Swells having steepness value less than 0.004 are considered as old swell,
between 0.010 and 0.004 as mature swells and between 0.025 and 0.010 as young
swells (Thompson et al., 1984). Aboobacker et al. (2011b) have identified potential
swell generation areas during different seasons in the Arabian Sea (from SW direction
during SW monsoon and from SW/SSW and NW directions during both pre-monsoon15

and post-monsoon seasons).
Fetch geometry plays a significant role in wave development (Donelan, 1985).

Holthuijsen (1983) found that shape of the directional energy distribution in an ideal
fetch limited wave generation situation agrees well with cos2s(θ/2) model, whereas
during non-ideal situations it strongly influences the geometry of the fetch. Ardhuin20

et al. (2007) considered two situations: an ideal fetch-limited wave generation and
a non-ideal situation which includes slanted fetch. For moderate angles between the
wind and shore-normal direction (i.e. slanting fetch) and for unstable atmospheric con-
dition, Ardhuin et al. (2007) observed that evolution of E ∗ (non-dimensional energy)
and f ∗p (non-dimensional peak frequency) with X ∗ (non-dimensional fetch) agrees well25

with growth curves obtained by Kahma (1981). Kahma (1981) studied development
of wave spectrum with fetch in a steady wind using wave buoy data in the Bothnian
Sea and found a relation between dimensionless peak frequency and dimensionless
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fetch. As the situation is similar for the west coast of India, we have used the equation
obtained by Kahma (1981) for the estimation of fetch for wind sea generation.

In the present study, we have separated the wave directional spectrum into wind seas
and swells to examine how the wind sea growth modifies in the presence of pre-existing
swells during non-monsoon season. Further, fetch estimation for wind sea generation5

has been done. A non-dimensional empirical relationship has been derived for the wind
seas generated along the west coast of India during pre-monsoon and post-monsoon
seasons.

2 Area of study

The study area and measurement locations are shown in Fig. 1. Goa and Ratnagiri10

are located on the central west coast of India, separated by a distance of 185 km.
The topographic features are nearly the same and the bathymetry contours are almost
parallel to the coast. The shorelines of Goa and Ratnagiri are oriented at 337.5◦ and
348.75◦, respectively with respect to the north. Dwarka is situated along the northwest
coast of India, and the shoreline is oriented at 315◦ (NW) with respect to the north. The15

northern part of Dwarka is open to the Gulf of Kachchh, a semi-enclosed basin. Off
Dwarka, the bathymetry is irregular and very complex (Fig. 1).

The west coast of India, in general, experiences three types of seasons: pre-
monsoon (February–May), southwest monsoon (June–September) and post-monsoon
(October–January). Waves are usually very high during SW monsoon season and the20

predominant swells are from SW/WSW. During non-monsoon season (post- and pre-
monsoons), along with predominant swells from SW/SSW, shamal swells (Aboobacker
et al., 2011a) generated in the NW Arabian Sea are also present.
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3 Data and methodology

Wave data have been collected at 6 locations (Fig. 1) off Goa, Ratnagiri and Dwarka
using Datawell Directional Waverider Buoys (Datawell, B.V., 2006). Table 1 provides de-
tails of geographical location, water depth and wave measurement duration. Data have
been recorded for 20 min duration at 30 min interval. Simultaneous wind measurements5

at 10 min sampling intervals were carried out using Autonomous Weather Stations
(AWS) installed near to the buoy locations (accuracy of AWS: ±0.3 ms−1 for wind speed
and ±3◦ for wind direction). AWS data were reduced to 10 m height, using Prandtl 1/7
law approximation (Peterson and Hennessey, 1978). Further, we have also used CER-
SAT/IFREMER Blended winds (Bentamy et al., 2007) available in 0.25◦×0.25◦ grids at10

6 h intervals in the form of U (zonal) and V (meridional) components.
Wind sea and swell parameters have been separated from the wave spectra us-

ing the methodology proposed by Gilhousen and Hervey (2001). The separation is
based on the wave steepness algorithm, which partitions the wave spectrum into wind
sea and swell components. The steepness parameter (ratio between wave height and15

wavelength) of each frequency is calculated to estimate the separation frequency. The
wave steepness parameter, ξ at all frequencies f , can be written as

ξ(f ) =
Hs(f )

λ(f )
(1)

Where Hs is the significant wave height and λ is the wave length associated with mean
wave period (Tz).20

λ(f ) =
gT 2

z (f )

2π
(2)
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Substituting for λ(f ) and spectral moments (m0,m2), Eq. (1) can be modified as

ξ(f ) =
8π
∫fu
fl
f 2E (f )df

g

√∫fu
fl
E (f )df

(3)

Where fu =upper frequency limit (0.58), fl = lower frequency limit and it varies as
fl = 0.025, 0.03, 0.035,. . . ,0.58. E (f ) = variance density and g =acceleration due to
gravity. ξ(f ) for all frequencies has been calculated from the measured data. The peak5

frequency fx of the steepness parameter ξ(f ) has been identified, and then used to
calculate the separation frequency fs as follows.

fs = Cfx (4)

Where C = 0.75 is an empirically determined constant (Gilhousen and Hervey, 2001).
Wind sea and swell part of the spectra have been separated using fs, and accordingly,10

significant wave height, mean wave period and mean wave direction of wind seas and
swells were calculated from the moments.

The swell part of the spectrum is classified as young, mature and old swells based
on significant wave steepness (Thompson et al., 1984), which is defined as the ratio

between significant wave height and wavelength
(
Hs
λ

)
. The sea states along the west15

coast of India are classified according to the dimensionless parameters, SSER and ID
(Rodriguez and Guedes Soares, 1999).

SSER is the ratio of energies associated with each wave system as given below:

SSER =
(
m0ws

m0sw

)
(5)

Where m0ws is the zero order moment of wind sea and m0sw the zero order moment20

of swell part of the spectrum. These are calculated based on spectral moment m0,
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defined as:

m0 =

∞∫
0

S(f )df (6)

The sea states are classified as follows: (i) swell dominated sea state (SSER≤ 0.8):
the major part of the wave energy is associated with low frequency spectral peak, but
significantly influenced by wind sea, (ii) mixed sea state with comparable energy of5

wind sea and swell (0.8 < SSER < 1.2): the wave energy is distributed over the low
and high frequency ranges and (iii) wind sea dominated sea state (SSER≥ 1.2): the
maximum energy is confined to high frequency part of the spectrum.

Intermodal Distance (ID) is the frequency separation between the spectral frequency
peaks, fp, corresponding to swell and wind sea, which is defined as:10

ID =

(
fpws − fpsw

fpws + fpsw

)
(7)

Where, fpws is the peak frequency of wind sea and fpsw is the peak frequency of swell
part of spectra.

The dominant sea states are classified based on ID as follows: (i) ID value close to
zero, that is, when swell and wind sea spectral peaks are very close to each other,15

(ii) wave fields with double-peaked sea states whose modal spectral frequencies are
moderately separated and (iii) ID close to 1.0, which represents sea state with swell and
wind sea spectral peaks well separated. We have selected the range for each class
of ID as follows: (i) ID-I (ID≤ 0.3), (ii) ID-II (0.3 < ID < 0.7), and (iii) ID-III (ID≥ 0.7).
Depending on swell or wind sea absence, ID may vary from 0 (pure swell) to 1 (pure20

wind sea).
A non-dimensional empirical relationship has been derived based on wind (blended

winds) and wind sea parameters. Estimation of the non-dimensional significant wind
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sea height H∗
sws and non-dimensional peak wind sea period T ∗

pws as follows:

H∗
sws =

gHws

U2
and T ∗

pws =
gTpws

U
(8)

Where g =acceleration due to gravity, U =wind speed (ms−1) at 10 m height,
Hsws = significant wind sea height (m), Tpws =peak wind sea period (s).

4 Results and discussion5

The wind sea and swell and coastal wind pattern off Goa, Ratnagiri and Dwarka are
presented in Fig. 2. Local winds play a major role in shaping the wave characteristics
along the west coast of India. For example, it has been observed earlier that winds and
waves along the west coast of India exhibit systematic diurnal variations during pre-
monsoon season (Vethamony et al., 2011) and predominant winds are either from NW10

(sea breeze) or NE (land breeze). Winds from NE are generally weak, and it extends
only a few kilometers from the coast, whereas the NW winds are strong, especially
in the afternoon hours. The wind seas generated under fetch-limited conditions inter-
act with the swells arriving from SW. The mean periods of these swells are between
6 and 11 s and the wind seas are between 2 and 4 s. Diurnal variations are present15

during early pre-monsoon and post-monsoon seasons as well, but not as significant
as pre-monsoon season. During early pre-monsoon, the predominant winds are from
NW and NE. Swells (SW/SSW) are relatively weaker during non-monsoon season;
however, the shamal winds generate high NW swells in the Arabian Sea during early
pre-monsoon season (Aboobacker et al., 2011a). During post-monsoon season, the20

predominant winds are from N, NE and NW directions. Systematic diurnal variations
are more predominant in pre-monsoon season than the post-monsoon season. The
coastal winds off Dwarka show diurnal variations in wind speed and direction, but di-
urnal pattern of wave is not as distinct as off Goa during pre-monsoon season. It is
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found that wind seas increase towards sea as available fetch increases in NE direction,
whereas swells increase towards the coast due to nonlinear wave-wave interaction and
the prevailing wind direction during the study period, and this presents two well defined
opposing wave systems (Fig. 2).

Generally waves are classified into wind sea and swell, when information on mixed5

sea state is not available. SSER provides detailed analysis of wave systems, classifying
into swell, mixed and wind sea. During late pre-monsoon season, swells are dominant
(54 % and 71 % at 25 m and 15 m water depths off Goa, respectively) (Table 2 and
Fig. 3). During early pre-monsoon season, waves are primarily dominated by wind
seas (44 % and 48 % at 35 m and 15 m depths, respectively off Ratnagiri) followed by10

swells (39 % at both the depths). However, during post-monsoon season, wind seas
are dominated (45 %) at 30 m depth (away from the coast) while swells are dominated
(61 %) at 15 m depth (closer to the coast) off Dwarka. This is attributed to generation
of NE wind seas, and their growth is towards offshore. Sufficient fetch is available at
30 m depth for NE wind seas to grow compared to 15 m depth, and hence, wind sea15

energy is relatively higher at this location. Considerable amount of mixed seas was
observed during late pre-monsoon season, whereas, during early pre-monsoon and
post monsoon seasons it was the least. When swells dominate, mixed sea is less, and
this happens at the fully developed stage. However, when wind seas dominate, mixed
seas also increase as the waves are still in the developing condition.20

In addition to SSER, ID also provides differentiation of the spectral peaks for non-
monsoon season. During late pre-monsoon season, maximum waves are under the
category ID-II (85 % and 95 % at 25 m and 15 m depths off Goa, respectively, Table 3).
This indicates that spectral peaks of wind sea and swell are moderately separated.
During early pre-monsoon season, majority of waves fall under the category ID-I (57 %25

and 56 % at 35 m and 15 m depths off Ratnagiri, respectively), indicating that the spec-
tral peaks are very closer to each other (spectra appear to be unimodal). One example
is, spectral peaks during shamal events (purely swell, ID∼ 0). During post-monsoon
season, all the waves fall under the category ID-II (60 % and 75 % at 30 m and 15 m
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water depths off Dwarka, respectively), indicating that spectral peaks are moderately
separated. Even though wind seas play a dominant role during non-monsoon season,
spectrum with pure wind seas (ID∼ 1) was weakly present. The wind sea spectrum
was always co-existent with swell, which are prevailing almost all the time.

The directionality of the wind sea and swell systems is found to influence the de-5

velopment of wind-waves. The directional spread distribution of mixed seas exhibits
features different from those of pure wind seas. Such mixed seas of swell and wind
seas result in a multimodal wave field, and the development of this multi-system is to
be explored.

The minimal directional spread is located at the peak frequency of the spectra. Off10

Goa, during late pre-monsoon season, we find that wind seas grow when the wind and
the wind sea are in the same direction (i.e. both are from NW). During the growth of
wind seas, the directional spread ranges between 30◦ and 50◦. As the wind direction
changes from NW to NE and wind speed reduces (say, 0.5 ms−1), swells dominate from
SW and accelerate the decay of NW wind seas (Fig. 4). That is, swell and wind sea are15

nearly normal to each other, whereas, wind is opposite to swell and normal to wind sea
direction. At this stage, the bimodal sea state turns into unimodal state (Fig. 4). The
angular spread increases in the higher frequency range above 0.2 Hz due to the decay
of wind seas. As a result of sea breeze at noon hours, wind direction changes from NE
to NW, and the speed reaches to a maximum of 5 ms−1. Wind sea starts developing20

and reaches its peak during evening hours with the co-existence of swells from SW
direction, leading to a bimodal sea state. As the wind sea matures, the minimal spread
of wave energy decreases and shifts towards lower frequency (Fig. 4).

Off Ratnagiri, during early pre-monsoon season, we can see four peaks in the spec-
trum from different directions (Fig. 5). These peaks are: swell from SW and wind sea25

from SW, NW and NE directions. The contributions of SW and NE wind seas are mini-
mum in the multimodal spectra (Fig. 5). The angular spread is minimum for wind seas
than for swells, with energies distributed over the frequency range 0.2 to 0.4 Hz. The in-
teraction between wind seas and the swells occurs in transforming the young wind seas
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to mature wind seas. As the wind sea matures, directional spread shifts towards lower
frequencies. Multimodalism is reduced to bimodalism in the wave spectrum. When the
shamal event occurs, the wind and wave directions shift to NW and wind speed reaches
to a maxmimum of 7 ms−1. The spectral energy is narrowed down in the swell part of
the spectrum in the NW direction. Light swell energy from SW direction is also ob-5

served in the wave spectrum with large directional spread. Prevailing swell dominates,
and ultimately absorbs the wind sea energy. This leads to broadening of energy density
of swell peak and disappearance of bimodal state.

Off Dwarka, the directional spectrum and spread are totally different for the post
monsoon season (Fig. 6) compared to the pre-monsoon season at the other two loca-10

tions. We can observe two distinct swell peaks from S/SSW direction and two wind sea
peaks from NW/NE directions in the wave spectrum. When the winds are from NW and
they are weak, NE wind seas decay with gradual increase in angular spread. However,
when the winds shift to NE direction and the speed increases to 3 ms−1, NE wind seas
grow with minimal spread. As the NE wind sea reaches the maximum, it interacts with15

the wave systems: NW wind sea and S swell. The absorption from NE wind sea and S
swell energy produces an overshoot in the energy density of NW wind sea with mini-
mum spread. The interaction between the two systems results in the integration of most
of the swell and NE wind sea energy into the old wind sea (Fig. 6). Later, wind shifts
to NE direction and the peak NW wind sea starts dissipating and imparting its energy20

to swells and NE wind seas. At later stages, NE wind seas are disappeared and multi
directional spectrum reduces to bimodal spectrum. Swells are dominating with minimal
angular spread and wind seas are dissipating with high angular spread. Further, the
wind sea energy is absorbed by the prevailing swells with the transformation of bimodal
to unimodal wave spectrum.25

An investigation has been carried out to identify the various types of swells prevailing
in the Arabian Sea during non-monsoon season. The analysis of swells present along
the west coast of India indicates that mature swells are predominant (92 % and 91 %
at 25 m and 15 m depths off Goa, respectively) due to the onset of monsoon during
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late pre-monsoon season (Table 4). Young, mature and old swells are nearly the same,
varying between 30 % and 40 % during early pre-monsoon season (January–February
2008). Most of the swells in the Arabian Sea is from SW, whereas, due to the shamal
event occurs in the Persian Gulf produces swells in the NW direction. However, old
swells (53 % and 88 % at 30 m and 15 m depths off Dwarka, respectively) and mature5

swells (39 % and 13 % at 30 m and 15 m depths off Dwarka, respectively) are predomi-
nant during post-monsoon season (December 2007–January 2008). It is also observed
that the SW/SSW swells generated in the Southern Ocean during pre-monsoon and
post-monsoon season are old swells, SW swells generated in the South Arabian Sea
during SW monsoon (or late pre-monsoon season) are mature swells and NW swells10

generated (during early pre-monsoon season) in the North Arabian Sea are young and
mature swells.

As fetch also plays a significant role in wave growth, we used the Kahama equation
(1981) for the estimation of fetch for wind sea generation. AWS was not able to capture
offshore winds, as it is installed away from the buoy (on the land). Hence, we have15

used IFREMER Blended wind data (0.250×0.250), available at every 6 h, to calculate
the offshore extent of the wind sea fetch along the west coast of India. Fetch was ob-
tained using Kahma equation (1981) for Goa, Ratnagiri and Dwarka coastal regions.
Figure 7 shows the minimum fetch available for the wind sea generation along the west
coast of India. Aparna et al. (2005) observed that the maximum offshore extension of20

the sea breeze along the southwest coast of India can reach upto 180 km. The fetch
available for the development of wind seas is minimum during early post-monsoon sea-
son, and therefore, shows the presence of swell dominance. Observations also support
the growth of wind seas during early pre-monsoon season. The fetch increases when
winds are NW, however decreases when winds are NE (as the wave measurement25

location is very near to coast and no fetch is available in this direction). Off Goa, fetch
observed for wind sea evolution was about 80 km. It increases and reaches the max-
imum at every 4 h; off Ratnagiri, fetch is about 120 km; it increases and reaches the
maximum during shamal event, off Dwarka, when the predominant winds are NE, fetch
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is minimum, as there is no fetch available in this direction. Fetch increases, as the wind
direction changes to NW.

During non-monsoon season, the waves generated by the local winds are fetch lim-
ited. The relation has been obtained for non-dimensional formulas relating the signifi-
cant wave height, dominant wave period and wind speed parameters. To derive a non-5

dimensional empirical relation, logarithmic values of the non-dimensional significant
wind sea height H∗

s and peak wind sea period T ∗
p have been calculated (Fig. 8). The

best fit between log(H∗
sws) and log(T ∗

pws) has been estimated and resolved as follows:

gHsws

U2
= 0.0085 ·

(
gTpws

U

)1.515

(9)

The above equation is found to be satisfied in all the locations (Goa, Ratnagiri and10

Dwarka) and can be used for fetch-limited condition along the west coast of India.
Equation (9) is very close to the empirical relation derived by Wen et al. (1989).

5 Conclusions

Measured waves along the west coast of India show distinct variations in the wave
parameters due to the co-existence of wind seas with pre-existing swells during non-15

monsoon season (pre-monsoon and post-monsoon seasons). The diurnal patterns ob-
served in wind speed, wave height and wave period are very typical for the west coast
of India during pre-monsoon season. SSER classifications bring out salient features
of different wave systems present along the central west coast and northwest coast
of India during non-monsoon season. Swells are predominant (61 %) along the north-20

west coast of India (off Dwarka) during post-monsoon season, and wind seas are pre-
dominant (48 %) during late post-monsoon and early pre-monsoon seasons. During
late pre-monsoon season, swells (71 %) are predominant along the central west coast
of India (off Ratnagiri and Goa, respectively). During most part of the non-monsoon
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season, the energy peaks of swell and wind sea in the spectra are moderately sepa-
rated and their Intermodal Distance are between 0.3 and 0.7, and those during shamal
events are less than 0.3 as the energy peaks are very close to each other (unimodal).

The diurnal variations are not as significant in the post and early pre-monsoon sea-
sons as in the late pre-monsoon season. Wind seas in multimodal spectrum have min-5

imum spreads than pure wind seas. The short wind seas are more influenced by in-
teraction with swells than by wind forcing. Under low winds, the wind sea development
was dominated by interactions with swell. Situations of mixed seas showed that cou-
pling between wave systems had a stabilizing effect of reducing a multimodal energy
spectrum to a unimodal wave spectrum.10

The contribution of high NW swells generated in the North Arabian Sea during late
post-monsoon and early pre-monsoon (shamal events) seasons is very significant
along the west coast of India, but otherwise Arabian Sea is relatively calm. Accord-
ing to swell classification, mature swells (91 %) and old swells (88 %) are predominant
during late pre-monsoon (May) and post-monsoon (December) seasons, respectively.15

Young (29 %), mature (33 %) and old (38 %) swells are almost equally distributed dur-
ing late post-monsoon (January) and early pre-monsoon (February) seasons along the
west coast of India.

The fetch available for the evolution of wind sea spectrum off Goa and Dwarka are
about 80 km during late pre-monsoon and post-monsoon periods. However, fetch in-20

creases (off Ratnagiri) and reaches about 120 km during pre-monsoon period.
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Table 1. Details of data source.

Location Longitude (E) Latitude (N) Water depth (m) Duration

Goa (late pre-monsoon) 73◦ 42′ 1.2′′ 15◦ 29′ 18′′ 25 1–21 May 2005
(May 2005) 73◦ 44′ 55′′ 15◦ 25′ 24′′ 15 6–21 May 2005

Ratnagiri (early pre-monsoon) 73◦ 07′ 17.3′′ 17◦ 00′ 15.1′′ 35 24 Jan–25 Feb 2008
(Jan–Feb 2008) 73◦ 15′ 00.7′′ 17◦ 00′ 25.4′′ 15 24 Jan–25 Feb 2008

Dwarka (post-monsoon) 69◦ 01′ 8.24′′ 22◦ 05′ 15.7′′ 30 3 Dec 2007–6 Jan 2008
(Dec 2007–Jan 2008) 69◦ 05′ 24.0′′ 22◦ 04′ 7.85′′ 15 3 Dec 2007–6 Jan 2008
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Table 2. Percentage of swell, wind sea and mixed sea with comparable energy during non-
monsoon season.

Location Water No. of Dominance (%)
depth (m) observations Swell Wind sea Mixed sea with

comparable energy

Goa 25 463 54 20 26
(May 2005) 15 717 71 11 19

Ratnagiri 35 1524 39 44 17
(Jan–Feb 2008) 15 1523 39 48 14

Dwarka 30 1485 38 45 17
(Dec 2007–Jan 2008) 15 1483 61 24 15

3115

http://www.ocean-sci-discuss.net
http://www.ocean-sci-discuss.net/9/3097/2012/osd-9-3097-2012-print.pdf
http://www.ocean-sci-discuss.net/9/3097/2012/osd-9-3097-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


OSD
9, 3097–3125, 2012

Co-existence of wind
seas and swells

along the west coast
of India

R. Rashmi et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table 3. Percentage of intermodal distance (ID) along the west coast of India.

Location Water No. of Mean ID values
depth (m) observations (observations in %)

ID-I ID-II ID-III

Goa 25 463 0.28(14) 0.54(85) 0.72(1)
(May 2005) 15 717 0.28(4) 0.54(95) 0.72(1)

Ratnagiri 35 1524 0.1(57) 0.55(40) 0.71(3)
(Jan–Feb 2008) 15 1523 0.1(56) 0.54(41) 0(3)

Dwarka 30 1485 0.14(14) 0.59(60) 0.73(26)
(Dec 2007–Jan 2008) 15 1483 0.24(5) 0.56(75) 0.76(20)
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Table 4. Distribution of young, mature and old swells along the west coast of India.

Location Water depth Young swell Mature swell Old swell
(m) (%) (%) (%)

Goa 25 6.05 92.01 1.94
(May 2005) 15 1.53 90.94 7.53

Ratnagiri 35 39.7 30.31 29.99
(Jan–Feb 2008) 15 29.42 32.57 38.01

Dwarka 30 8.48 38.73 52.79
(Dec 2007–Jan 2008) 15 0 12.61 87.39
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Fig. 1. Wave measurement location and its bathymetry contours along the west coast ofIndia.
Angles mentioned in the figures are the orientation of the coastline w.r.t north.
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Fig. 2. Wind parameters (wind speed and direction) and significant wave height (total sea –
black, swell – blue and wind sea – red) off Goa, Ratnagiri and Dwarka.
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Fig. 3. SSER of wind sea, mixed sea and swell: (a) 15 m and 25 m depths off Goa, (b) 15 m
and 35 m depths off Ratnagiri and (c) 15 m and 30 m depths off Dwarka.
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Fig. 4. (a) Wave energy spectrum (b) wave spread and (c) mean wave (solid line) andwind
(dashed line) directions at 00:00 h, 06:00 h, 12:00 h, 18:00 h and 23:00 h offGoa during 9 May
2005.
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Fig. 5. (a) Wave energy spectrum (b) wave spread and (c) mean wave (solid line) and wind
(dashed line) directions at 00:00 h, 06:00 h, 14:00 h, 19:00 h and 23:00 h off Ratnagiri during 3
February 2008.
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Fig. 6. (a) Wave energy spectrum (b) wave spread and (c) mean wave (solid line) and wind
(dashed line) directions at 00:00 h, 06:00 h, 11:00 h, 13:00 h, 17:00 h and 23:00 h off Dwarka
during 22 December 2007.
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Fig. 7. Fetch and wind direction off Goa, Ratnagiri and Dwarka along the west coast of India.
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Fig. 8. Scatter between log(gHsws/U
2) and log(gTpws/U) at different locations along the west

coast of India.
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