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Field experiments conducted in the nearshore ocean to understand the dynamics of mudbank off Kerala,
south-west coast of India, are highlighted. Real time monitoring of the nearshore ocean off Purakkad,
Kerala was accomplished using pressure transducers for nearshore surface wave measurements, and
current sensors for nearshore velocity measurements. Comprehensive information on the spatial structure
of mudbank was obtained from aerial surveys. Extensive data collected on surface waves and currents in
the nearshore ocean, indicate that the infra-gravity (IG) waves (leaky modes and trapped edge wave
modes), and far infra-gravity (FIG) waves coupled with strong shoreline reflections and undertow play an
important role in the dynamics associated with the mudbanks off Kerala during the monsoon season.
During the non-monsoon season evidence for progressive edge waves in the infragravity frequency band,
an energetic gravity wave band and a strong undertow with weak reflections was observed.

1. Background

Mudbanks are calm regions of nearshore sea water
devoid of any significant wave action due to very high
concentrations of sediments in suspension. Mudbanks
are unique and occur at only a few locations in the
nearshore waters of the world oceans. Along the Indian
coasts they are known to occur on the south-west coast
especially off Purakkad in Kerala. The Kerala mud-
banks generally become more prominent with the
onset of south-west monsoon (i.e., in the month of
June), and less prominent with the withdrawal of the
south-west monsoon season. The mudbank appearing
off Purakkad, Kerala has socio-economic implications
as

e it is known for its very high biological productivity
(see Damodaran 1973; Gopinathan and Qasim
1974; Nair et al 1984; Rao et al 1984; Thompson
1986 for review) and,

e it prevents the otherwise rampant sea erosion
(Kurup 1977; Silas 1984; Nair 1985) during the

south-west monsoon season along the Kerala coast
(S.W. coast of India). Although a number of studies
were made on the formation, sustenance and dis-
appearance of the mudbanks off Kerala, the
phenomena still remains an enigma (see Nair 1976;
Wells and Coleman 1981; Silas 1984; Wells and
Kemp 1986; Froidefond et al 1988; Faas 1991, 1992;
Mehta and Jiang 1993; Mathew et al 1995; Mathew
and Baba 1995; Faas 1995; for review).

Of late, coastal and ocean engineers believe that
once the dynamics of mudbanks are understood (i.e.,
why and how these nearshore oceanic processes occur
and sustain before disappearing), the knowledge can
be applied for preventing coastal erosion (Hands 1990;
McLellan et al 1990; Mehta and Jiang 1993) and
increasing the productivity of the nearshore oceans.

Earlier studies on Kerala mudbanks covered basi-
cally their hydrographic features and physical pro-
cesses involved in their formation, but did not
essentially encompass real time nearshore wave moni-
toring. Recently Mathew (1992) attempted to explain
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the formation, sustenance and dissipation of mud-
banks in terms of measured nearshore wave conditions
and sediment characteristics. The study, however,
remains incomplete as a number of important para-
meters could not be monitored in the field. Moreover,
a critical examination of nearshore wave spectral
figures from Mathew (1992), points out the inability
of the wave measuring instruments to monitor
frequencies less than 0.05 Hz, which have been known
to be very important in the nearshore region. Mathew
(1992) also hypothesized with the help of what is
termed as a conceptual model, the mechanism respon-
sible for the formation, maintenance and dissipation
of mudbanks off Allepey. The significant limitation in
Mathew’s (1992) model is that, the role of undertow or
mean currents in the offshore direction is completely
neglected. Recent publications on mudbanks of the
southwest coast of India, by Mathew et al (1995);
Mathew and Baba (1995); suggest a conceptual model
for the formation, sustenance and dissipation of mud-
banks based on sparse surface wave data from two
spatially separated locations in the cross-shore direc-
tion. As the nearshore currents were not monitored
during their study, Mathew and Baba’s (1995)
conceptual model, which strongly relies on presumed
current patterns, carries little scientific evidence.
Field investigations on various beaches, by Tatavarti
and Bowen (1989}; Greenwood and Osborne (1990);
Putrevu and Svendsen (1993); and others, have con-
clusively established the significant role played by
undertow in the nearshore region in moving the
sediments. Mehta and Jiang (1993) calculated the
wave attenuations over nearshore underwater mud-
banks and mudberms based on a finite amplitude
wave-mud interaction (2-D) model and compared
them with measurements made off Allepey mudbank
by Mathew (1992). Mehta and Jiang’s (1993) model
does not take into consideration the three dimensional

nature of the wave field and the changing rheology of
the mud in the spatial and temporal environment.
However, they do claim that their simulations were in
agreement with measurements (‘within o reasonable
degree of accuracy'), because they believe that, off
Allepey a 3-D condition may not have contaminated
the data and the sediment was comparatively uni-
form. Against this background, we present here some
of our significant observations of the hydrodynamics
(wave and current motions) in a mudbank regime,
based on extensive field experiments (monitoring the
nearshore waves and currents), and aerial surveys
(video recording the entire coastal ocean in and around
mudbank), to obtain a comprehensive picture of this
unique phenomenon. In this manuscript, we chose to
highlight the nearshore wave and current dynamics
during two different real world scenarios in the mud-
bank regime, i.e., during non-monsoon and monsoon
meteorological conditions of the local environment.

2. Field experiments

Major field experiments were conducted in three
phases, two during the peak of the S.W. monsoon
season (June and August 1995) and one during the
non-monsoon season (May 1997); by deploying pres-
sure transducers (for monitoring wave elevations) and
current meters (for monitoring nearshore ocean
currents), off Purakkad, Kerala, in the nearshore
waters of the Arabian Sea. The three phases of the
field experiments were carried out to ensure that we
record nearshore wave and current data in different
spatial and temporal domains, during calm and stormy
sea conditions. Both pressure transducers and current
meters were indigenously designed and fabricated.
The pressure transducers were inductance type, and
the current meters were bi-directional drag force
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MUDBANK 95 & '97 - SCHEMATIC OF FIELD EXPERIMENTAL SETUP

Figure 1.

Section view of the sensor deployment on under water platforms for data acquisition.
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Figure 2. Schematic of real time data acquisition set up.

sensors, designed to record the current speeds in any
aligned direction (i.e., depending on the orientation of
the current meter either the cross-shore component or
the alongshore component of the nearshore velocity
may be monitored). Sensor calibrations were per-
formed in a towing tank with random wave generation
facility. Extensive intercomparisons with other avail-
able standard instrumentation were performed in
order to assess the performance of the sensors. During
the calibration and intercomparison experiments,
checks for the robustness and sensitivity of the sensors
were made. The response time of the pressure sensors
and the current meters was found to be approximately
0.2 sec. The frequency response of the pressure sensor
was near unity between 0 and 2Hz, while the fre-
quency response of the current sensor was near unity
between 0 and 5 Hz. The sensors were deployed in the
ocean by fixing them on stable underwater platforms,
sitting on the ocean bed (figure 1). The sensor loca-
tions were designed to capture the horizontal and
vertical structure of the nearshore wave and current
regime. Underwater coaxial cables were used to trans-
mit signals between sensors in the ocean and the shore
based control unit. Figure 2 shows a schematic of the
real time data acquisition set up. The analogue signals
from the control unit were piped through an A/D card
(analogue to digital conversion) into a personal com-
puter in order to store real time digital data. The
frequency and duration of data sampling was con-
trolled by the shore based computer. Data was
sampled at 2 Hz. Aerial surveys of the mudbank and
its surroundings were conducted during all the three
phases of the major field experiments from a helicop-
ter, to obtain a comprehensive picture in the spatial
domain. The aerial survey was timed to coincide with
our field experiments in the sea. During the aerial
surveys, video recording was carried out using a CCD
camera (Sony Betacam, Japan), on board the helicop-
ter. Position fixing on board the helicopter, during
aerial surveys and on a small vessel during bathyme-
try survey, was accomplished by using a portable

Global Positioning System (Trimble GPS, USA)
whose accuracy was £15m Bathymetry surveys were
conducted using an echo sounder (Furuno, Japan).
During the three phases of experiments, more than
120 surface sediment samples were collected using the
Vanveen grab sampler from different offshore loca-
tions in the mudbank. Beach profiling was carried out
at 38 locations spatially separated by 500 m along the
coast, every month for two years and also during the
major field experiments. Beach surveys were carried
out using a Theodolite and a graduated rod, up to 1 m
water depth from local bench mark positions along the
coastline. The physical properties of mudbank sedi-
ments based on our field investigations have been
reported elsewhere (Manoj Kumar et ol 1998) and are
not being discussed here as the topic does not fit into
the scope of the present study.

3. Observations

3.1 Monsoon season

Based on the recorded footage from our aerial surveys,
the schematic picture of the mudbank and its peri-
pheries was drawn and is shown in figure 3. Figure 3(a)
shows the schematic of the sensor deployment (planar
view) vis-a-vis the mudbank location during phases I
and I, while figure 3(b) shows the schematic of sensor
deployment (planar view) wis-a-vis mudbank location
during phase III of the field experiments. During the
rough monsoon season, the periphery of the mudbank
extends to about 10km seawards from the shoreline
and stretches for about 15km alongshore. The calm
region is observed to be separated from the rough sea
(significant wave height, H,; 2.5m) by a transition
zone where low frequency infra-gravity waves were
observed to be dominant. The sediment concentration
levels were the highest in the calm zone decreasing
progressively towards the rough sea. The calm zone
was observed to be buffeted by a straight shoreline,
while the transition zone by shoreline cusps (figure 3a).
During our observations the mudbank region was
noticed to wax and wane with changing wind condi-
tions. Strong onshore winds were responsible for the
contraction of the mudbank region. At the northern
and southern boundaries of the mudbank slowly
propagating solitary waves were observed all the time.
During the monsoonal period, the mudbank region
and its surrounding sea was observed to have signi-
ficantly strong shoreline reflections of waves. Surging
and spilling breakers were observed in the transition
zone, while plunging breakers were observed in the
rough zone. The surf zone in the transition zone inside
the mudbank was narrow (approx. 10m), while that
in the rough sea was wide (approx. 50 m). During our
daily inspection of sensors at low tides, we have felt
very strong alongshore and cross-shore currents with a
relatively long periodicity (low frequency). The sea
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Figure 3. Schematic view of mudbank off Purakkad, Kerala, based on aerial survey during (a) monsoon and (b) non-monsoon

seasons.

bed was observed to have sinusoidal undulations (with
vertical amplitudes of 5~10 cm and horizontal spacing
of 1-2m), slightly oblique to the shoreline. The beach
cusp spacing in the transition zone, where our instru-
ments were deployed, varied from 8.5 m to 26.5 m with
average vertical amplitudes of 0.5 m.

3.2 Non-monsoon season

During the non-monsoonal period, the spatial extents
and the suspended sediment concentrations were
observed to gradually become smaller (figure 3b).
From our field experiments we noticed that the mud-
bank which existed as a small patch in March 1995,
reactivated with the onset of monsoon, gradually
expanded and reached its maximum extension

(figure 3a) in October — November 1995. The expan-
sion of the mudbank was towards south during the
S.W. monsoon period. During the non-monsoonal
season the shoreline was generally straight, devoid of
any cuspy features. Gravity waves were predominant
and observed to be characteristically breaking slightly
offshore (approx. 200m offshore). Wave reflections
were observed to be rather weak. The significant wave
heights during our observations were of the order of
1.5-2.5m. Waves were predominantly observed to be
approaching from northwest. Whenever, the wind
activity was strong, well formed cusps with 15-20m
alongshore spacing and heights of 0.5-0.7m were
observed. During our periodic inspection of sensors,
strong undertow and longshore currents were obser-
ved, whenever wind and wave activity were stronger.
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The surf zone comprised of plunging and collapsing
breakers, with a surf zone width around 10-20 m.

4. Sediment characteristics and
their probable source

Based on field observations during non-monsoon and
monsoon seasons, the surface sediment (on the ocean
bed) particle sizes, their spatial distribution and their
geotechnical characteristics in the Ambalapuzha-
Purakkad mudbank were studied and the details were
reported by us elsewhere (Manoj Kumar et al 1998).
The study revealed that the sediments in the
mudbank are clayey silts in both seasons. The magni-
tude of the fine silt and clay contents, blanketing the
ocean bed were however, observed to be more in the
pre-monsoon season indicating the possibility of
fine silt and clay going into suspension during the
monsoon season. Geotechnical properties of surface
sediments revealed that they are highly plastic with
high liquid limits. It was also observed that the high
organic matter in fine sediments plays an important
role in the behaviour of the physical characteristics of
sediments and their suspension. As it was observed
that the mudbank sediments exhibit almost similar
physical properties in both monsoon and non-mon-
soon seasons, the earlier reported suggestions by
various other authors, regarding the transportation
of fine sediments, from offshore to nearshore region
during monsoon and vice versa during non-monsoon
seasons, may not be valid. Our observations suggest
that only re-suspension and re-deposition processes
may be the important factor in mudbank dynamics.

5. Data for analysis

Although extensive data collection was carried out
during the three phases (at 2 Hz sampling, with conti-
nuous data recording for 5, 10 and 5 days durations)
of the field experiment, only representative data sets
from :

(a) the first phase of our experiments, when the S.W.
monsoon was active but calm sea conditions per-
sisted (specifically data recorded on the night of
June 24th, 1995 when light to moderate winds
during low tide prevailed),

(b) the second phase of our experiments, when the
S.W. monsoon was active and stormy sea condi-
tions persisted (specifically on August 31st, and
September 1st, 1995 when strong winds during
rising tide prevailed), and

(c) the third phase of our experiments when S.W.
monsoon was not yet set but stormy sea conditions
persisted (specifically data recorded on the night
of May 9th, 1997 when strong winds prevailed
during low tide), were presented in this paper to

demonstrate the varying nearshore wave and
current dynamics in the mudbank regime during
changing sea conditions in the monsoonal and non-
monsoonal seasons respectively. The primary
reasons for choosing this specific data set were that

e on June 24th, 1995, although calm meteorolo-
gical conditions prevailed, strong alongshore
currents towards north were noticed during our
periodic inspection of sensors,

e a very long data set (9 hr duration) was recor-
ded on that night (June 24th, 1995) during
which time tide was ebbing,

e on August 28th, 1995 no significant wind
activity was observed and the local sea was very
calm,

e on August 31st, 1995 very strong winds were
observed and the sea was choppy and there was
a torrential downpour,

e on September 1st, 1995 very strong winds were
observed, no rain was present but the sea
became very choppy and the seaward boundary
of the mudbank contracted towards the shore,
and finally,

e on May 9th, 1997, very strong wind and wave
activity was observed during the low tide as a
local meteorological disturbance lay centred off
the coast of Kerala.

6. Results and discussion

During phase I and phase IT of the field experiments
the sensor pair (P1, V1/U1l) were collocated on a
platform at a height of 1 m from the ocean bed, in 2m
water depth. Sensor pairs (P2, V2/U2), and (P3,
V3/U3) were deployed in 5 m water depth, fixed on a
platform. Sensors (P2, V2/U2) were collocated at a
height of 2m from the ocean bed, while (P3, V3/U3)
were collocated at a height of 1 m from the ocean bed.
The first platform in 2m water depth was located at
an offshore distance of 50 m from the shoreline, while
the second platform in 5 m water depth was located at
an offshore distance of 200m from the shoreline.
During the phase III of the field experiment however,
only one platform (i.e., at 5m water depth) was
deployed with collocated P, U and V sensors at a
height of 1 m from the ocean bed and another P sensor
at a height of 2m from the ocean bed. Because of the
strong wave activity in the surf zone, during phase III,
the first platform could not be deployed with our
existing logistic support.

Care was taken while analysing the data sets, not to
contaminate the analysis with any existing trends in
time series (for instance, mean longshore current and
tidal trends). The importance of infragravity wave
[0(1072 Hz)] and far infragravity wave [O(1073-1072)
Hz] dynamics in the nearshore waters and their role in
the mudbank region was reported earlier (Tatavarti
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Figure 4. Representative time series of v, v and 7 from the long data set collected on May 9th, 1997 (non-monsoon season) during
ebbing tide and strong wind activity. The time series were demeaned and detrended.

et al 1996). Our first results from phase I of the field
experiment, conducted during the monsoon season,
clearly indicated that the infragravity (IG) waves
(leaky modes and trapped edge wave modes) and far
infragravity (FIG) waves, coupled with strong reflec-
tions and undertow play an important role in the
dynamics associated with the mudbanks off Kerala
(Tatavarti et al 1996).

Typical sections of twenty five minute long raw
time series of the alongshore component (v) from V,
cross-shore component (u) from U and the surface
elevation [p(n)] from P sensors, based on field observa-
tions during the non-monsoon season, are presented in
figure 4. As can be seen there are no trends and offsets
in the time series to contaminate our spectral com-
putations. Large amplitudes (~ 0.6m/s), and long
period oscillations (~ 1000 sec) are clearly present in
the cross-shore component of the velocity (figure 4b).
The predominant direction of the cross-shore velocity
is seaward. As the sensor is near the bottom of the
ocean, the seaward flowing current may be construed
as representative of the undertow. Alongshore velo-
city (figure 4a) also shows similar long-period oscilla-
tions but they are less pronounced. The alongshore
velocity component shows predominantly gravity
wave motions with mean amplitudes of 0.5m/s. The
predominant direction of alongshore velocity is north-
wards. These features are consistent with the field
observation that the predominant wind and waves
were approaching from northwest. Oscillations with
periodicities of gravity waves are very prominent in

the surface elevation time series record (figure 4c).
The variances associated with the time series oscilla~
tions of figure 4 are evident in the frequency spectra
(figure 5). The spectra shown in this paper were
generated from consecutive 4096sec time series
sections. Each section was detrended using a quad-
ratic function (to remove tide) and demeaned before
Fourier transformation. Spectral computations were
made using a 50% overlap Hanning spectral window
having 60 degrees of freedom (dof) and a frequency
resolution of 0.00048 Hz. Typical spectra of wave
elevation (n) from P sensor, cross-shore current (u)
from U sensor, and alongshore current (v) from V
sensor based on observations during the non-monsoon
season are shown in figure 5. These spectra
were computed from collocated sensors located at a
water depth of 5m and a height of 1m from the
ocean bed. Typical spectra of wave elevation, cross-
shore velocity and alongshore velocity based on
observations during the monsoon season are shown
in figure 6. The 95% confidence levels are the same
for all spectra and are shown along with the spectra
in figures 5 and 6. The most prominent feature in
figure 5, i.e., for field observations during the nen-
monsoon season, is that the spectral energy levels
are a maximum in the gravity band for both wave
elevation and alongshore velocity, but for the cross-
shore velocity the maximum energy lies in the FIG
band. This may be an artifact of the pulsating cross-
shore mean current. Three features that stand out
from figure 6, are:
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e the low frequency energies in all spectra are maxi- e the alongshore component (v) of the nearshore velo-
mum, the far infra-gravity band (1073-1072Hz city is an order of magnitude stronger than the
frequency band) having about two orders of mag- cross-shore component (u) in the FIG and IG bands;
nitude more energy compared to gravity waves e the wind wave frequency band (gravity waves) is
(10~! Hz); least energetic. The features in the IG band (i.e,
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(v)/{u) of the spectra in figure 6 along with our
observations of shoreline cusps are consistent with
edge wave dynamics (i.e., the presence of trapped
modes in the infra-gravity frequency band). The
fact that the variance in the v component is larger
by an order of magnitude compared to that in the u
component in the FIG band (figure 6) suggests the
role of a strong alongshore current and is consistent
with FIG wave dynamics discussed in the preceding
sections. Based on data observed during the
monsoon season it was earlier established (Tata-
varti et al 1996) that the cross-shore velocity in the
FIG band was larger near the ocean bottom as
compared to that in the middle of the water column,
indicative of a strong undertow (Putrevu and
Svendsen 1993).

Table 1 shows the statistics of wave elevation and
currents in a mudbank regime during different seasons
under varying local environmental conditions. The
data shown in table 1 pertain to collocated sensors at
a height of 1 m from the ocean bed in a water depth of
approximately 5m. It is evident from table 1 that
during both the seasons, under varying environmental
conditions, the mean u values, are significantly strong
and suggest seawards flowing cross-shore currents,
indicative of a strong undertow. Slightly weaker, yet
significant, alongshore currents are also observed
during both the seasons under varying environmental
conditions. The direction of the alongshore currents
seems to be influenced predominantly by the incoming
wave directions. The significantly large (v)/(u) ratios
for observations during the phase I and II of the field
experiment, during the monsoon season, suggests the
importance of edge waves in the infragravity fre-
quency band. The smaller (v)/(u) ratio for observa-
tions during the phase III of the field experiment,
during the non-monsoon season, suggests the lack of
presence of edge wave motions, however, it is impor-
tant to note that due to the near normal incidence of
waves the ratio may be less even in the presence of
edge waves because of the low coherency in the
infragravity band between v and u. This is consistent
with the absence of shoreline cusps during our visual
observations during calm conditions and the presence
of shoreline cusps during stormy conditions (when
near normal wave incidence prevailed). The varying
tidal conditions are reflected in the mean wave eleva-
tion values, while the varing variance levels of n, v and
v indicate the varying environmental conditions.
Generally, the stronger the wind and wave activity
the larger the variance of these parameters. Another
significant observation is that during the monsoon
season the wave reflections from the shoreline are
strong, whereas, during the non-monsoon season the
shoreline reflections are weak. This is consistent with
the fact that the waves were observed to be signi-
ficantly breaking (plunging and collapsing breakers)

during our field experiments in the non-monsoon
season compared to the regular swashing to and fro
motion during the monsoon season.

A comparison of figures 5 and 6 reveals some of the
pertinent differences in hydrodynamics during the
monsoon and non-monsoon seasons. While during the
monsoon season FIG waves predominate and play a
vital role in the nearshore dynamics, during the non-
monsoon season the gravity waves are dominant. The
alongshore velocity was observed to be stronger than
the cross-shore velocity during the monsoon season,
while the cross-shore velocity was stronger than the
alongshore velocity during the non-monsoon season.
In addition during the non-monsoon season the energy
levels in the gravity and infragravity bands were
observed to be higher than those during the monsoon
seasons, while the energy levels for the FIG band was
observed to be higher during the monsoon season,
than that during the non-monsoon season.

Figure 7 shows the cross-spectral amplitudes, phases
and coherences between PU, PV and VU sensor data
observed during the non-monsoon season. The upper
95% confidence level for coherence computations is 0.2
and is shown in figure 7 as a horizontal line in the
coherence plot. The features evident from figure 7 are

e highest coherence between PU, PV, VU in the
gravity band with in-phase relationships between
P-U, P-V and V-U;

e significant high coherence between PU and PV and
low, but significant, coherence between VU in the
infragravity band with in-phase relations between
them; and

e significant coherence between PV, VU in FIG band.
The highest coherence was observed between VU
and the lowest between PU.

Tables 2 and 3 show the cross-spectral phase
relationships between P, U, V parameters with statis-
tically significant coherence levels. Cross-spectral
information of the P, U, V sensor data suggests
linear dynamics of the gravity band waves during the
non-monsoon season and monsoon season. During the
monsoon season (mudbank season) it can be seen from
table 2 that in the FIG band the highest coherence is
between P and U, with P leading U in quadrature. It
is also found that in the FIG band P leads V in
quadrature while V leads U in quadrature. These
results are consistent with the characteristics of FIG
waves (Oltman-Shay et al 1989). The coherence in the
IG band is also significant, but the coherence in the
gravity wave band is not significant, except between
P and U. In the IG band the highest coherence was
found between P, U and U, V pairs of series although
the coherence between P, V pair is also significant. It
can be noticed from table 2 that in the IG band, P
leads U and V in quadrature, while V leads U in
phase. These features in the IG band are consistent
with the standing edge wave dynamics (Kim and
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Figure 7. Cross-spectral amplitude, phase and coherence plots for data from PU, PV and UV pairs of sensors of phase III of field
experiment during non-monsoon season. Statistics of spectra are the same as those in figure 5. The 95% upper confidence level for

coherence is drawn as a horizontal line in the coherence plots.

Table 2. Spectral characteristics in a mudbank region: Monsoon season.

Spectral n—u n—v v— U
frequency Cross-spectral Cross-spectral Cross-spectral
band phase phase phase Remarks
G in in in e no lead/lag between 7, u, v. Linear phase
between v and u indicative of travel time
associated with distance of separation.
e 7 leads u
IG out out in o 7 leads v
o vleads u
e 7 leads u
FIG out out out o 7 leads v
e v leads u
Table 3. Spectral characteristics in e mudbank region: Non-monsoon season.
Spectral n—1u n—v v— U
frequency Cross-spectral Cross-spectral Cross-spectral
band phase phase phase Remarks
G in in in e no lead/lag between 7, v, u
e 7 leads u
IG out in out e 77 leads v
e u leads v
e 7 leads u
FIG out out in e vleads i

e uleads v
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Huntley 1985). Naturally occurring frequency depen-
dent shoreline reflections were computed following the
noise free technique developed by Tatavarti (1989)
and validated by Huntley et al (1995) utilizing time
series measurements from co-located 1 and u sensors.
Although details of the computations are not being
presented here, it was observed that generally the
reflections in all frequency bands were significantly
high (0.6), the highest being in the lower frequencies
(0.8). These strong reflections are consistent with our
observations of sea bed undulations (Silvester 1977).

During the non-monsoon season (non-mudbank
season), in the infragravity frequency band significant
coherence between P and U, and P and V was obser-
ved with P leading U in quadrature and P leading V
in phase. There was low coherence (although sig-
nificant statistically) between V and U, with U lead-
ing V in phase. In the FIG wave band significant
coherence between PV and VU was observed, with V
leading P in quadrature and U leading V in phase.
The coherence level between PU was low with P and
U in quadrature, P leading U. These observations do
suggest the presence of either standing wave motions
or progressive edge waves in the nearshore (Kim and
Huntley 1985; Tatavarti 1989). However as our visual
observations showed (table 1, PM091905 data run)
there was strong wind activity during this observation
and weak reflections were noticed. Therefore we infer
the presence of progressive edge waves in the infra-
gravity frequency band during these observations.
This is again consistent with our observation that
shoreline cusps were observed during the non-mon-
soon phase of field experiments whenever wind
activity picked up.

7. Conclusions

Extensive field experiments conducted in the mud-
bank off Purakkad, Kerala provided a comprehensive
picture of the unique phenomenon. The following
conclusions are drawn based on the analysis of typical
data sets collected at a sampling rate of 2 Hz, during
the monsoon and non-monsoon seasons. During our
observations in the monsoon season, our analysis
established that far infra-gravity (FIG) wave energy is
about two orders of magnitude larger than that of
gravity waves, while during the non-monsoon season
the FIG waves exhibited low energy levels.

During the monsoon season a strong back shear
presumably makes the longshore current unstable to a
wide range of small perturbations, which in turn is
responsible for the FIG waves. The lower energy levels
in the FIG wave band during the non-monsoon season
(when wave breaking was more pronounced and surf
zone width was larger), are consistent with the studies
of Putrevu and Svendsen (1992) and Dodd et al (1992),
which showed that the number of possible unstable

modes of shear instabilities and their corresponding
growth rate are reduced if dissipation due to bottom
friction and eddy viscosity is increased. Evidence of
edge waves in the infra-gravity band and a strong
undertow was demonstrated during both monsoon and
non-monsoon seasons. During the monsoon season our
observations suggested the presence of standing edge
wave motions, while during the non-monsoon season
our observations suggested the presence of progressive
edge wave motions in the mudbank regime. This is
presumably the first study to establish the evidence of
FIG waves, edge waves and undertow in the mudbank
region. The demonstration of FIG waves supports the
suggestion of Bowen and Holman (1989), that FIG
waves may be a common feature in the nearshore
oceans in the presence of longshore currents.

During the monsoon season the computed shoreline
reflections were observed to be very high, with
approximately 80% of the low frequency waves being
reflective. Even gravity waves were found to be
strongly reflective (mean reflection coefficient of 0.6).
During the non-monsoon season we observed that the
gravity wave band is highly energetic with waves
breaking significantly before reaching the shore. The
shoreline reflections as can be expected in such scena-
rios were found to be very weak.

Based on our field observations and detailed analysis
we now report that the sediments lying on the ocean
bed, as a thick blanket in the nearshore region, get
disturbed during the monsoon season, because of the
larger and stronger waves and therefore are triggered
into suspension mode. Later, as the wave energy
increases the low frequencies start becoming promi-
nent and become stronger. As these low frequency
motions are three dimensional, they carry the suspen-
sions laterally also, thereby resulting in an increase of
spatial (on-offshore and alongshore) extents of mud-
banks during the monsoon. Once wave heights increase
(stronger monsoonal forcing) the breaker zone is
shifted seaward, hence suspension events start from a
farther seaward location. Also, as wave height
increases we have observed that the magnitude of
undertow increases; which forces fine sediments from
the nearshore to seaward locations. These offshore
transported material causes increased suspension
events in the seaward location.
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