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Rip currents are known as one of the most dangerous hazards on sandy beaches worldwide. Indian
beaches are least explored to study the variability of rip currents in space and time. The present study
is the Brst attempt made to understand its dynamics by utilizing indigenously developed GNSS
(Global Navigation Satellite System) drifters and Rhodamine-B dye experiments. The Rama Krishna
(RK) and Rushikonda Beaches of Visakhapatnam are chosen for this study, due to a recorded number
of rip current-related drowning cases observed during the past decade. Few experiments were conducted during pre- and post-monsoon seasons of 2018. Drifters work on the Lagrangian principle,
where they measure the current velocities along their paths driven by the surface currents. Error
analysis of drifter measurements showed that they are capable of resolving surf zone motions very
accurately. Strong rip currents were observed in few locations in the study area, where at times
current velocities reached *1 ms 1. Also, Rhodamine-B dye was released into the rip current prone
zones along with the drifters and observed that the dye patches also followed the drifters. From these
experiments, it has been observed that the rip currents are relatively strong during the post-monsoon
season, which could be due to the change in the beach morphology. Similar experiments with more
number of drifters would help in understanding rip current dynamics and would help in reducing rip
current drowning in the beaches.
Keywords. Rip currents; GNSS; drifters; Rhodamine-B dye; RK Beach; Rushikonda Beach.

1. Introduction
Rip currents are shore-normal, narrow, jet-like
strong seaward-Cowing currents that generate
within the surf zone as a result of alongshore
variations in the wave-induced radiation stresses

and pressure (Bowen 1969; Haller et al. 2002).
These are primarily driven by the action of the
breaking waves (Bowen 1969). Rips can be identiBed somewhat easily along the beaches by some
visual clues such as the line of foam or bubble
patches, seaweed, and debris moving out to the sea.
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Generally, there are two approaches by which the
motion of the Cuid may be described, Eulerian and
Lagrangian. In earlier days, surface Coats and
drogue drifters had been widely used by Shepard
et al. (1941), Shepard and Inman (1950) and Sonu
(1972) to examine the rip currents. Nowadays, the
usage of Lagrangian drifters/Coats has been widely
increased to study the Cuid dynamics of oceans
(Berti et al. 2011; Ohlmann et al. 2012; Poje et al.
2014), lakes (Stocker and Imberger 2003) and the
nearshore coastal regions (Schroeder et al. 2012).
Application of Surface Velocity Program (SVP)
drifters for the ocean and large water bodies can be
found in Lumpkin and Pazos (2007). However, the
increased improvement of accuracy in position by
the Global Positioning System (GPS) allowed the
development of many Lagrangian surf zone drifters
of different sizes and designs. They were used to
study a variety of small-scale, spatial and temporal
processes in the surf zone. Schmidt et al. (2003)
developed a differential GPS-tracked drifter to
study the surf zone motions. A non-differential
GPS-based, simple, low-cost drifter was developed by Johnson (2004), albeit with lesser accuracy. In MacMahan et al. (2009), handheld
GPS-built drifters were used to resolve the Cow
features of the order 3 m. A high-resolution
GNSS (Global Navigation Satellite System)
tracked drifter developed by Suara et al. (2015)
was used for studying the surface dispersion in
shallow waters.
These rip currents can be studied and monitored
mostly by the Lagrangian method than that of the
Eulerian technique due to its path followed information of a Cuid concerning time rather than at a
single location. Presently, many are widely using
the Lagrangian drifters to study and improve their
understanding on most of the coastal phenomena
such as longshore currents, rip currents, oil spills,
pollutant dispersions in the shallow waters, etc. A
high-resolution Lagrangian device built with
Real-Time Kinematic (RTK) – Global Navigation
Satellite System (GNSS) permits eAective resolution of Cow features in the order of a few centimeters and thus it could be used for studying
dispersion in the shallow waters and estuarine
systems. In this paper, a low-cost, GNSS based
drifter has been designed, developed and Beld-tested to collect the high frequency, accurate,
Lagrangian data in the surf zone. The use of GNSS
with Differential Global Positioning System
(DGPS) mode at high frequency (5–10 Hz) sampling and Post-Processing Kinematic (PPK)
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enable the drifters capable of estimating the position with centimeter level accuracy. Sonu (1972)
and Brander (1999) used dye for the visualization
and measurements of current Cow. The dye method
is one of the cheapest methods based on visual
approach to observe the rip currents (Brown et al.
2010; Brander et al. 2014). Experiments with
Rhodamine-B dye in India are rare, the Brst
experiment was done by Murty et al. (1975) at
Calangute Beach in Goa. Recently Surisetty et al.
(2020) also identiBed rip current hot spots using
Rhodamine-B
dye
in
few
beaches
of
Visakhapatnam.
2. Study area
The study area is located along the Visakhapatnam
coast, the east coast of India. The entire Visakhapatnam coastal stretch is comprised of many sandy
beaches. Among them, Rama Krishna Beach
(widely known as RK Beach) and Rushikonda
Beach are some of the popular beaches along the
east coast of India and cover around 10 km coastline. In the earlier studies, a great number of
rip-induced drowning deaths were reported on
these beaches and these are well known for the
formation of bathymetry-controlled rip currents
(Surisetty and Prasad 2014). It has been observed
that the rip current fatalities are increasing since
last decade along this study region. This is not
only due to the increase in the number of
beachgoers with the tourism development but
also due to several changes in the natural processes and increased man-made activities. These
combined activities might be responsible for the
generation and modulation of such dangerous rip
currents.
3. Surf zone drifter development
The basic process of surf zone drifter development
involves design, fabrication and error analysis of
the parameters measured. In the present study, the
primary information of design and the error analysis of drifter is given. Further detailed information
on this drifter is provided in Surisetty et al. (2020).
The primary aim of this drifter is low-cost and
should be easily fabricated with oA-the-shelf parts
and minimum electronics. The core of drifter
design is adapted from the earlier works of Schmidt
et al. (2003) and MacMahan et al. (2009). In
the present version, a Polyvinyl Chloride (PVC)

J. Earth Syst. Sci. (2021)130:72
cylinder of diameter 5 inches is used with an
unplasticized PVC (uPVC) pipe of 1 inch diameter attached at the top (Bgure 1). The present
drifter is Btted with a circular aluminum disc at the
bottom to prevent vertical movement due to the
wave impact. A stainless-steel ballast was attached
beneath the disc to lower the center of gravity and
thereby to increase the stability of the drifter. Also,
the drifter is provided with four PVC Bns to
improve stability and increase the current drag.
Sensors such as the EMLID ReachÒ L1 GNSS
receiver is placed inside the PVC cylinder and the
TallysmanÒ GNSS antenna is placed at top of a
drifter in a waterproof enclosure to acquire the
position data, both connected through a cable
running through the uPVC pipe. A 15,000 MAh 5V
power bank battery via USB cable is used inside
the bigger cylinder to power up the equipment. A
provision for adding an extra stainless steel ballast
at the bottom is given, whenever it is needed. Extra
buoyancy can be achieved by attaching a Styrofoam as a collar to the bigger cylinder. The design
of Schmidt et al. (2003) does not have Bns attached
to the cylinder, while MacMahan et al. (2009)
drifter has GPS and battery outside the PVC
cylinder in a small waterproof box. The present
design of the drifter is kept very simple in order to
reproduce it with minimum eAort and material. All
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the parts used in manufacturing this drifter are
easy available in the market. The total cost of one
drifter is around Rs. 45,000 including EMLID
ReachÒ receiver, TallysmanÒ GNSS antenna, PVC
parts and labour charges. There is no commercial
drifter available as on today in the market with
such a low cost. If many such drifters are made,
then the cost of each drifter would be further
reduced drastically.

4. Testing and post-processing
Two drifters were designed and developed at Space
Applications Centre (SAC, ISRO), Ahmedabad.
They are conBgured to record the raw L1 GNSS
data in EMLID ReachÒ M+ receiver at 5 Hz
sampling frequency, primarily from GPS, GALILEO, GLONASS, and SBAS constellation. On the
other hand, a base station was set up temporarily
nearby the Beld site using EMLID ReachÒ RS on
an ordinary survey-grade tripod stand. The raw
data were recorded in all the instruments simultaneously to get similar satellite constellation
coverage. Once the deployment is completed and
the drifters are retrieved, the raw data from both
base and drifters are downloaded and post-processed in RTK Lib open source software licensed

Figure 1. Design (left) and photograph (right) of the low-cost GNSS drifter developed at SAC.
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under version 2.4.3 GNU License and saved the
processed data in *.pos format. The output data
includes time, latitude, longitude, height and
quality. Later, coming to testing, an experiment
was conducted by keeping EMLID ReachÒ RS as a
base and the concerned drifters with Reach M+
modules in stationary mode (kept under the open
sky without disturbing them) with 5 Hz conBguration and logged the data for *2–3 hrs. The
recorded data were downloaded and post-processed
as discussed earlier. Then, the post-processed
position data from the stationary mode drifters
were converted from longitude and latitude (degrees) to easting and northing (meters) of Universal Transverse Mercator (UTM) projection and
then velocity, u and v components were estimated.
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5. Results
5.1 Error estimation
The relative error in both position and velocity from
stationary observations were calculated by demeaning the position, u and v velocity estimates.
The maximum northing and easting position errors
obtained were ±0.01 m (1 cm) with a standard
deviation of 0.003 and 0.002 m, respectively. Similarly, the maximum velocity relative errors in northing and easting were ±0.02 ms 1 (2 cm s 1) with a
standard deviation of 0.004 ms 1. The present
drifters are capable to measure the currents of an
order [ 0.02 ms 1 due to low relative errors in
position as well as in velocity (Surisetty et al. 2020).

Figure 2. FFT Spectral analysis of 30-min drifter data. Relative position error from (a) stationary observations, (b) Beld
observations and relative velocity error from (c) stationary observations and (d) Beld observations.
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Table 1. Deployment strategy of drifters at RK Beach on 15th May and 25th October 2018, respectively.
Date
05/15/2018

10/25/2018

Deployment
ID

Start time
(UTC)

End time
(UTC)

Tide
(m)

Rip current
behaviour

A
B
C
D
E
F
G
A
B
C
D
E
F
G
H
I

5:46
5:57
5:37
6:14
6:19
6:29
6:35
6:20
6:18
6:03
6:05
5:43
5:49
6:43
7:14
6:58

6:07
6:07
5:47
6:26
6:31
6:46
6:46
6:27
6:28
6:15
6:14
5:57
5:56
6:56
7:22
7:12

0.85
0.79
0.90
0.69
0.67
0.61
0.58
0.80
0.81
0.89
0.88
1.00
0.97
0.67
0.51
0.59

Exit
Exit
Circulatory
Exit
Circulatory
Not a rip
Exit
Not a rip
Not a rip
Circulatory
Circulatory
Not a rip
Not a rip
Not a rip
Circulatory
Circulatory

Note: Tide data is extracted from a nearby tidal station at Visakhapatnam Harbour and referenced
to Chart Datum. Source: WXTide32 version 4.7.

Table 2. Deployment strategy of drifters at Rushikonda Beach on 18th May and 24th October 2018,
respectively.
Date
05/18/2018

10/24/2018

Deployment
ID

Start time
(UTC)

End time
(UTC)

Tide
(m)

Rip current
behaviour

A
B
C
D
E
F
G
A
B
C
D

6:52
7:06
7:14
7:22
7:28
7:46
8:01
4:59
5:19
5:02
5:39

7:01
7:14
7:47
7:27
7:45
8:10
8:14
5:16
6:00
5:31
6:30

1.18
1.12
1.08
1.04
1.01
0.91
0.83
1.06
0.96
1.05
0.86

Not a rip
Not a rip
Not a rip
Circulatory
Circulatory
Circulatory
Circulatory
Not a rip
Not a rip
Circulatory
Circulatory

Note: Tide data is extracted from a nearby tidal station at Visakhapatnam Harbour and referenced
to Chart Datum. Source: WXTide32 version 4.7.

The results from the stationary mode suggest
that the present conBguration of drifters is capable
to measure surf zone currents. Therefore, spectral
analysis was carried out on the processed data to
observe the ranges of magnitudes of velocity and
position that are measurable from the receivers.
For this, Fast Fourier Transform (FFT) was
applied to both the stationary and Beld observations. The position and velocity spectra were
computed as an average of eight overlapping sections of 4096 points from a single data Hanning
windowed at the 95% conBdence level. The position

spectra for stationary drifter were of the order of
10 4 to 10 2 m2s (Bgure 2a), similar in shape and
trend with those obtained by Johnson et al.
(2003, 2004) and MacMahan et al. (2009), while the
velocity spectra have magnitudes of 10 9 to 10 8
m2s (Bgure 2c), much lower than the previous GPS
drifters. The lower magnitudes generally indicate a
lower relative error in the present GNSS receiver
used. On the other hand, the position and velocity
spectra from Beld observations are also computed
and shown in Bgure 2(b and d), respectively. It is
clear that the spectra pattern from both the
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Table 3. Littoral Environmental Observations (LEO) at two Beld sites. Tidal stages conBned to the deployment timings are given.
RK Beach
05/15/2018
Wind
Moderate breeze
Sea state
Calm-moderate
Tidal stage
High tide: 3:00 UTC (1.4 m)
Low tide: 9:10 UTC (0.1 m)
New Moon
Beach sand
Coarse
Rips observed/deployments
6/7

Rushikonda Beach
10/25/2018

05/18/2018

10/24/2018

Light breeze

Moderate breeze

Light breeze

Moderate

Calm-moderate

Moderate

High tide: 3:07 UTC (1.5 m)
Low tide: 9:16 UTC (0.2 m)
Full Moon + 1 day

High tide: 5:05 UTC (1.4 m)
Low tide: 11:25 UTC (0.1 m)
New Moon+3 days

High tide: 2:35 UTC (1.5 m)
Low tide: 8:45 UTC (0.2 m)
Full Moon

Coarse

Fine

Fine

4/9

4/7

2/4

observations is uncorrelated as expected. By using
spectral density values of relative position and
velocity error obtained from both stationary and
non-stationary observations, the Signal-to-Noise
ratio (SNR) for the position as well as for the
velocity was also calculated by using the formula
mentioned in Surisetty et al. (2020). From the
analysis of position and velocity, it is observed that
the SNR is above 100, which is quite high as
compared to the receivers used by MacMahan et al.
(2009) and Saura et al. (2015). This gives us conBdence that the present receivers are capable to
measure even lower frequency motion in the surf
zone. There are certain limitations to this instrument. (1) Although the instrument is capable to
measure surf zone currents, in rare cases, there is a
chance of loss of instrument when it is caught in the
rip current. (2) As this instrument does not have a
data transmission facility, in the event of loss,
whole data recorded in the device can be lost.
Therefore, a GSM/GPRS modem or a satellite
transmitter is necessary for the real-time transmission of data and in the event of disappearance
from the view, it is possible to retrieve it back by
tracking with the help of location data. We are in
process of equipping transmission facility in the
next generation of this drifter.
5.2 Drifter deployments and dye experiments
in the surf zone
Rhodamine-B dye experiments were carried out
frequently (once a month) in the surf zones of both
RK and Rushikonda Beaches, Visakhapatnam.
While the drifter deployments were carried on 15th
and 18th May, 24th and 25th October 2018

covering pre- and post-monsoon seasons, respectively (tables 1 and 2). The dates 15th May and
24th October fall on New moon and Full moon day,
respectively, where the tidal stage would be Spring
tide (highest high tide and lowest low tide)
(table 3). On these days, rip currents are known to
be modulated due to tides (Surisetty and Prasad
2014). 18th May falls three days after New moon
day and 25th October is the next day of the Full
moon. During these days both the GNSS drifters
were deployed and Rhodamine-B dye experiments
were conducted in the surf zone of RK Beach and
Rushikonda Beach from high tide time to low tide
time to record the observations. Trained Bshermen
were hired to release the two drifters in the midsurf zone one after another and at several places
alongshore in a particular beach stretch and monitored the drifter motion. At RK Beach, a total of
seven (A–G) deployments were done on 15th May,
while on 25th October around nine deployments
(A–I) were done. Whereas at Rushikonda Beach,
seven deployments were carried out on 18th May
and four on 24th October.
If any of the drifters exits from the surf zone, a
Jet Ski was used to bring it back to the shore for
the next release. In most of the cases, the drifter
used to land on the beach after some time of the
release due to prevailing backwash. During the
entire experiment, the data was recorded continuously inside the EMLID controller on-board and
later the sorties were separated according to the
deployments. On the other hand, rip current signatures were visually interpreted by following the
dye pattern, and with the help of a measuring tape,
the velocity of the longshore current was measured
manually. Preliminary data on the prevailing wind,
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Figure 3. Surf zone current velocities measured by GNSS drifters on (a) 15 May 2018 and (b) 25 October 2018 at RK Beach,
Visakhapatnam. The alphabets A, B, C, etc., in red colour are the deployment IDs, which also indicate the starting points of each
drifter measurement.

sea state, tidal stage, beach characteristics, and rip
current prone regions were recorded on a Littoral
Environment Observations (LEO) sheet (table 3).
On 24–25 October, we conducted a depth
sounding using CEEDUCER Echo sounder installed on a Jet Ski at Rushikonda and RK beaches.
The GNSS data recorded at 5 Hz sampling frequency was converted into 1-min interval during
the post-processing to get smoother drifter tracks.
The 1-min averaged measured speeds from the
drifters in the surf zone were overlaid against the
measured bathymetry maps to spot rip current
regions along both RK and Rushikonda Beaches
(Bgures 3, 4).

6. Discussion
6.1 Current pattern at RK Beach
Two drifters were deployed repeatedly on 15th
May from right (A) to left (G) as shown in Bgure 3.
The drifters’ movement is observed to be conBned
within the surf zone and limited to the seaward

extent of *100 m. During this experiment, we
recorded 6 rip currents out of 7 deployments, in
which four showed exit behaviour and two showed
circulatory behaviour (table 3) as explained in
Castelle et al. (2016). In particular, the deployment
‘D’ is an exit rip, where the drifter was recovered
with the help of a Jet Ski and re-deployed at
position ‘E’. At many times, the drifters were
landed on the beach at a distance of 100–200 m
away from the deployment location. The mean
direction of the current Cow is upward (north-east
direction w.r.t. to true north) on this day. This
could be due to the prevailing wave direction from
the south-east as observed from a wave rider buoy
moored near Gangavaram Port (not shown here).
The time-series of current observations of rip
observed in deployment ‘D’ is shown in Bgure 5(a).
We can notice that the current velocity suddenly
increased to 0.65 ms 1 when the drifter was caught
in the neck of the rip current and soon after it got
exited, the velocity was dropped to \0.1 ms–1 and
then maintained the velocity of around 0.2–0.35
ms–1. This shows that the rip current can quickly
lose its energy once it gets exited out of the surf
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Figure 4. Same as Bgure 3, but for the dates (a) 18 May 2018 and (b) 24 October 2018 at Rushikonda Beach, Visakhapatnam.

zone. There are two circulatory types of rip current
observed on 15th May.
On 25th October, we deployed two drifters with
the same conBguration at nearly nine locations
(A–I) alongshore. We can notice that the current
pattern is entirely changed as compared to the premonsoon experiment. This could be primarily due
to the change in the wave condition and the
underlying bathymetry. In general, the currents
are directed downward (south-west direction w.r.t.
true north). Out of nine deployments, we observed
only four rip currents of circulatory type at this
coast. In particular, the rip current at deployment
‘C’ is shown in Bgure 5(b). It can be observed that
the circulatory type of rip current is relatively
weaker having a peak velocity of 0.52 ms–1 at 6:08
hrs UTC. Sometimes, we Bnd instantaneous
velocity exceeding 1 ms–1. Unlike, the exit type rip
current, the circulatory rip current attains its peak
velocity gradually and then weakens. This kind of
rip current generally brings back the object (or a
human) to the beach without much eAort. The only

escape mechanism to be followed in this type of rip
is ‘Coatation’. The traditional swim parallel escape
strategy may sometimes result in swimming
against an alongshore-directed component of this
circulation cell (MacMahan et al. 2010) eventually
lead to getting trapped in the rip current again.
Mostly rip current regions depicted in Bgure 3
are exit and circulatory eddy-like structures with
high velocities as compared to the surrounding
regions. Rip currents sometimes could be very
strong, which can also be able to pull even an
Olympic swimmer (mean speed 2.3 ms–1) into oAshore, currents with such speeds were not recorded
during our experiments. More number of deployments are required to analyse the spatio-temporal
variability of rip currents.
6.2 Current pattern at Rushikonda Beach
In terms of morphology, Rushikonda is entirely a
different beach as compared to RK Beach. It is
partly sheltered with rocky outcrops (laid by the
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Figure 5. Time-series of the velocity of rip currents measured at RK Beach (a, b) and Rushikonda Beach (c, d) for the
deployment IDs ‘C’ and ‘F’ on 25 October and 18 May, respectively.

local authorities to aid tourism and water sports
activities) at the southern end and an open beach
northward. This beach is recorded as the second
most unsafe beach (after RK Beach) due to rip
currents as per the studies done by Surisetty and
Prasad (2014). Till, now due to sparse studies at
this beach, the nearshore circulation structure is
not well known. With the help of GNSS drifters, we
could observe the current pattern for the Brst time.
Similar to the deployments at RK Beach, we had
deployed two GNSS drifters on 18th May and 24th
October at this beach. The current velocities as
recorded by the drifters can be seen in Bgure 4.
On 18th May, a strong alongshore coastal current from the middle of Rushikonda Beach was
observed with velocities ranging from 0.01 to 0.7
ms–1 with a horizontal alongshore extent of nearly
about 700 m. This can be noticed in the drifter
trajectories in three deployments A, B, and C as
tracks parallel to the shoreline (Bgure 4a). No significant rip current was observed along the entire
stretch of the beach rather than a few small
semi-circular kinds of trajectories observed at the
southern stretch. One such weak rip current is ‘F’
and its time-series velocity is shown in Bgure 5(c),
where the drifter landed on the beach within few

minutes after deployment. On the other hand, a
well-developed rip current in the form of a ‘surf
zone eddy’ was observed at ‘B’, which persisted for
more than 30 min along the northern portion of the
study site (Bgure 4b). The combination of weak
wave energy, coastal currents and rip current
strength might have resulted in the delayed landing of the drifter at this location (Bgure 5d).
Although the rip current is not so strong, the
existence of a surf zone eddy could be life-threatening as this could eventually take a longer time to
bring anyone back to the shore. Surprisingly, there
are no exit-type rip currents observed in Rushikonda Beach, which may be partially due to the
prevailing wave and current conditions.
6.3 Rhodamine-B dye experiments
During earlier days, rip currents experiments were
carried out using a non-toxic, biodegradable,
environment-friendly Rhodamine-B dye, due to its
relatively cheaper cost and ready availability. In
conjunction with the drifter deployments, a small
parcel of Rhodamine-B dye was released into the
surf zone. Due to its soluble nature, it gets quickly
dissolved in the water limited to the upper surface
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Figure 6. Rhodamine-B dye trajectories along with the
drifters in the surf zone at (a) RK Beach and (b) Rushikonda Beach for the deployment IDs ‘C’ and ‘F’ on 25 October
and 18 May, respectively.

and a visual discolouration in pink colour was
observed. When the dye encounters a rip current, it
depicts the entire rip structure, which would
otherwise be very difBcult to observe with a naked
eye (Bgure 6). When the dye patch travels alongshore with the longshore current, a measuring tape
was used to track the path on the beach until it
gets into the rip neck to calculate the feeder
(longshore) current velocity. Hence, experiments
with this low-cost eco-friendly dye should be conducted to easily identify the rip current hotspots
and measure the longshore currents. In the recent
work by Surisetty et al. (2020), rip currents were
observed with the help of dye patterns at several
locations along RK Beach, which are well matching
with the present drifter observations.
7. Conclusions
One of the major highlights of this work is the
design and development of a low-cost drifter using
oA-the-shelf parts without compromising the
accuracies in position and velocity. Two such
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GNSS based drifters have been fabricated and
Beld-tested to measure rip currents in the surf zone
at selected tourist beaches of Visakhapatnam, east
coast of India. Application of GNSS made the
drifter acquire high rate data sampling (5 Hz) and
Post Processing Kinematic (PPK) results in position estimates with centimeter level accuracy.
Error analysis in terms of SNR, spectral analysis of
position and velocities showed that the drifters are
capable to resolve the surf zone motions more
accurately in the order of greater than 0.02 ms–1.
Rhodamine-B dye is also released along with the
drifters to trace the Cuid paths of rip currents and
other motions. A rip current deployments were
carried out at RK and Rushikonda Beach on 15–18
May and 24–25 October, 2018 representing preand post-monsoon seasons, respectively. Drifters
deployed near the rip current regions often followed eddy-like trajectories before being moved
seaward of the surf zone. Drifter trajectories and
velocities were overlaid against the measured
bathymetry, which exhibited the rip features
within the study region. The spatial patterns of rip
currents along both beaches are exhibited by the
drifters and observed that the intensity of rip
currents is relatively high on 24–25 October due to
high variations in beach morphology induced by
the monsoon. In order to study the seasonal variability of rip currents, more spatio-temporal data
would be required. The development of such
low-cost drifter emerges new studies in any marine
environment like rivers, lakes, estuaries, etc.,
without any change in the design. This proposed
inexpensive system has the ability to Bll in the
gaps between in-situ instruments, advancing our
understanding of the hydrodynamics of various
coastal processes.
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