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We describe the variability of the East India Coastal Current (EICC) during 2010–2018 on the outer
continental shelf using data from four ADCP (acoustic Doppler current proBlers) moorings deployed oA
Gopalpur (  19.5 N), Visakhapatnam (  18 N), Kakinada (  16 N), and Cuddalore (  12 N) on the
east coast of India. In general, the shelf EICC mirrors the slope EICC for the annual and semi-annual
cycles, but the shelf-slope coherence is weaker and patchy for the 120-day and intraseasonal bands. The
seasonal cycle, which consists of the annual, semi-annual, and 120-day bands, dominates the observed
variability. The amplitude of the annual cycle varies over the time series. In the intra-annual band,
variability tends to switch between the semi-annual and 120-day bands, but the former dominates
throughout the time series oA Cuddalore, the southernmost location. The EICC appears as a shallow
current in all period bands, including the seasonal cycle, oA Cuddalore, but even the intraseasonal EICC
appears as a deep current at the other three locations. A wavelet analysis shows seasonal variation of the
wavelet power in the intraseasonal band, suggesting that the amplitude of intraseasonal variability itself
varies with season, but there is no clear seasonal pattern. As on the continental slope, the annual and
semi-annual components are coherent along the coast, but alongshore coherence is weak at shorter time
scales. Upward phase propagation is evident for the seasonal cycle at all locations, but downward phase
propagation, seen on the slope oA Cuddalore, is evident on the shelf as well. The 500-day low-pass Bltered
shelf EICC is not weak and the sub-annual variability is comparable to that on the slope. The long ADCP
record allows us to conBrm the dominance of seasonality in the EICC regime in a robust fashion; the data
show that the EICC tends to Cow in its canonical poleward (equatorward) direction during spring
(winter). This dominance of seasonality enhances the predictability of the EICC.
Keywords. EICC; ADCP; continental shelf; intraseasonal variability; western boundary currents; Bay
of Bengal; Indian Ocean.

1. Introduction
The East India Coastal Current (EICC), which is
the western-boundary current of the Bay of Bengal
(referred to as just ‘the bay’ hereafter), reverses
seasonally in response to the seasonally reversing

monsoon winds (Shetye et al. 1991, 1993, 1996;
Shetye and Gouveia 1998; Schott and McCreary
2001; Durand et al. 2009; Mukherjee et al. 2014).
The circulation associated with this boundary
current was documented using ship-drift (Cutler
and Swallow 1984; Mariano et al. 1995) and
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hydrographic (Shetye et al. 1991, 1993, 1996) data,
but these descriptions are primarily restricted to
the continental slope. As noted in reviews of the
circulation of the bay (Varkey et al. 1996; Shetye
and Gouveia 1998), there is not much literature on
the shelf circulation. Much of what we know of the
shelf EICC is based on hydrographic data (Shetye
et al. 1991, 1993, 1996) and a few current-meter
records (Mukherjee et al. 2014). The hydrographic
data suggest that the EICC, which is trapped on
the continental slope, leaves its imprint on the
continental shelf and this link between the shelf
and slope EICC is evident in the relationship
between the alongshore EICC estimated from ship
drifts and the tide-gauge sea level at the coast
(Shetye and Almeida 1985; Shankar 1998, 2000).
The hydrographic data of Shetye et al. (1991)
suggest the existence of shelf waves with an
alongshore wavelength of 400–500 km during the
summer monsoon.
The ship-drift climatologies and hydrographic
data show that the EICC on the continental slope
Cows poleward during February–September (Shetye et al. 1991, 1993) and equatorward during
November–January (Shetye et al. 1996). The
poleward EICC is stronger and deeper during
March–April, when it constitutes the westernboundary current of a seasonal gyre in the bay, and
weaker and shallower during the summer monsoon
(June–September), when a basin-wide gyre is not
evident. Model studies show that the EICC is
forced by both local and remote winds (Potemra
et al. 1991; Yu et al. 1991; Shetye et al. 1993;
McCreary et al. 1993, 1996; Shankar et al.
1996, 2002; Vinayachandran et al. 1996; Schott
and McCreary 2001).
Though satellite altimetry had a major impact
on Indian-Ocean studies owing to the near-synoptic view of sea-level anomalies (SLAs) provided by
these data (see, for example, the review by, Schott
and McCreary 2001), the altimeter footprint does
not extend on to the narrow shelf oA the Indian
east coast even in the along-track data (Durand
et al. 2008, 2009), precluding the use of the
altimeter for studying the shelf EICC. These data
do, however, point to the existence of eddies in the
regime of the EICC (Durand et al. 2009; Kurien
et al. 2010; Nuncio and Kumar 2012; Chen et al.
2012), leading to its alongshore decorrelation at
both intraseasonal and interannual time scales on
the continental slope (Durand et al. 2009).
The dearth of direct current measurements in
the Indian Exclusive Economic Zone (EEZ)
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precluded quantiBcation of the variability of the
EICC, save the limited conclusions that could be
drawn on the basis of satellite data (Durand et al.
2009). Therefore, the CSIR-National Institute of
Oceanography deployed ADCP (acoustic Doppler
current proBler) moorings on the continental slope
and outer shelf oA the Indian west (Amol et al.
2014; Amol 2014) and east (Mukherjee et al. 2014;
Mukherjee 2017) coasts in October 2008 and
April 2009, respectively. Mukherjee et al. (2014)
used the ADCP data during 2009–2013 from the
continental slope to describe the seasonal and
intraseasonal variability of the EICC; a sequel,
based on a longer data set (2009–2018), conBrms
several of these Bndings (Mukhopadhyay et al.
2020). The ADCP data conBrm (Mukherjee et al.
2014; Mukhopadhyay et al. 2020) that the EICC
Cows poleward (equatorward) during February–May (November–January). The longer data
record enables Mukhopadhyay et al. (2020) to
provide statistically reliable evidence for the dominance of seasonal variability in the regime of the
EICC on the continental slope: the longer ADCP
data record shows that the seasonal cycle is
stronger than intraseasonal variability. Upward
phase propagation, a sign of remote forcing, is
evident at all time scales and this phase propagation leads to the appearance of undercurrents.
Downward phase propagation is also seen on
occasions oA Cuddalore in southeast India and it is
a common feature of the seasonal variability at
time scales shorter than the annual cycle; this part
of the seasonal cycle, called the intra-annual band
by Mukherjee et al. (2014) and Mukhopadhyay
et al. (2020), includes variability in the semi-annual and 120-day bands. The alongshore decorrelation of the intraseasonal EICC, noted Brst in data
from satellite altimetry (Durand et al. 2009), also
Bnds conBrmation in the ADCP data (Mukhopadhyay et al. 2020). The longer data set used by
Mukhopadhyay et al. (2020) also shows that the
interannual variability, manifest in the 500-daylow-pass-Bltered alongshore current, is not weak.
These papers by Mukherjee et al. (2014) and
Mukhopadhyay et al. (2020) describe the slope
EICC. The only description of the EICC on the
shelf is restricted to the near-inertial currents,
which Mukherjee et al. (2013) show to be weaker
on the shelf compared to the slope owing to the
narrow shelf width. The continental shelf oA the
Indian east coast is narrow, just  20 to 50 km
wide, which is less than the local Rossby radius of
deformation over most of the coast. High-frequency
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(HF) coastal-radar data show that the slope EICC,
which is forced by the basin-scale winds (McCreary
et al. 1993, 1996), leaves its mark on the EICC
even in the nearshore coastal regime owing to the
narrow shelf width (Mukhopadhyay et al. 2017).
The HF-radar data available to Mukhopadhyay
et al. (2017) was restricted to a few months in the
northwestern and southwestern bay and therefore
their description of the ADCP data from the shelf
was restricted to these few months.
In this paper, we present ADCP data from the
outer shelf oA the Indian east coast (Bgure 1) to
quantify the variability of the shelf EICC. In spite
of gaps, the data record is long enough—eight
years—to resolve the seasonal cycle and permit an
analysis of the sub-annual variability. The data
sources, including the ADCP moorings, are
described in section 2. As done for the slope EICC
(Mukherjee et al. 2014; Mukhopadhyay et al.
2020), we begin by describing the variability of the
sub-inertial EICC; section 3 shows the variability
for both alongshore and cross-shore components.
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Figure 1. The area of interest in the western Bay of Bengal
and its location in the North Indian Ocean (inset). The colour
scale shows the bathymetry (metres). The 200 m (shelf break)
and 1000 m contours are overlaid. The solid red circles
indicate the ADCP mooring locations on the continental slope
and the solid yellow circles indicate the mooring locations on
the continental shelf. The black stars represent the nearest
cities after which the moorings have been named.

Seasonal variability is described in section 4 and
intraseasonal and interannual variability in
section 5. Section 6 concludes the paper.
2. Data
Data from ADCP moorings, deployed on the continental shelf oA the Indian east coast, constitute
the primary data set for this paper; data from the
companion slope moorings are also used for comparison. In addition, we use current data from the
OSCAR (Ocean Surface Current Analysis Realtime) product (Bonjean and Lagerloef 2002). In
this section, we describe brieCy the shelf ADCP
and OSCAR data sets and the methods used to
process the ADCP data.
2.1 ADCP data
The ADCP data are from four pairs of moorings
deployed in the Indian Exclusive Economic Zone
(EEZ) in the bay; the moorings are deployed oA
Gopalpur (  19.5 N; table 1), Visakhapatnam
(  18 N; table 2), Kakinada (  16 N; table 3),
and Cuddalore (  2 N; table 4). Following
Mukherjee et al. (2014), we use the names of
nearby towns on the Indian east coast to label these
moorings. One mooring in each pair is deployed on
the continental slope at a depth of  1000 to
1100 m and the variability of the EICC in these
ADCP data is described by Mukherjee et al. (2014)
and Mukhopadhyay et al. (2020). The other
mooring in each pair is deployed on the continental
shelf (Bgure 1). The distance between the shelf and
slope moorings for all four pairs is of the order of
 10 km, the only exception being the pair oA
Kakinada, where the slope mooring is located
 25 km southwest of the shelf mooring.
The shelf moorings are deployed on the outer
shelf. Initially, the depth of deployment was
 100 m, but the moorings were shifted to
 180 m subsequently owing to the threat from
trawlers (tables 1–4). The narrow width of the
shelf implies that the horizontal shift in position is
negligible. The ADCP is deployed a short distance
from the bottom: above the anchor is a short chain,
to which is attached the acoustic release, and the
ADCP is deployed just above the release. The
ADCP frequency has varied from 300 kHz initially
to 153 kHz in more recent deployments following
the movement to deeper waters. Occasionally,
however, a 76 kHz ADCP has been used in lieu of
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Table 1. ADCP mooring details for the mooring on the continental shelf oA Gopalpur. All the ADCPs deployed were upwardlooking and of make Teledyne RDI. The bin size is 4 m for the 153 (307) kHz ADCPs. The water depth at the mooring location is
 100 to 200 m. The angle of rotation, based on the clockwise rotation of the meridional component of the velocity, are 55 for
Gopalpur. The columns are as follows. C1: ADCP name. C2: Position (longitude in  E, latitude in  N) and water-column depth
(m). C3: Starting and ending dates. C4: Depth of ADCP (m). C5: Frequency, m (kHz), of the ADCP. C6: Start and end date of the
data gap(s); when there are no data gaps for a deployment, this column is left blank.
ADCP

Position

/Water depth

Start date

End date

ADCP depth

BOGS2
BOGS3
BGS3A
BOGS4
BOGS5
BOGS6
BOGS7
BOGS8
BOGS9

85.63
85.65
85.69
85.69
85.70
84.87
85.70
85.71
85.70

19.42/130
19.47/132
19.41/182
19.41/190
19.41/192
18.58/178
19.42/197
19.42/222
19.44/158

14-05-2010
21-03-2011
07-07-2011
17-02-2012
19-03-2013
27-02-2014
12-03-2015
19-03-2016
17-02-2017

21-03-2011
06-07-2011
17-02-2012
06-03-2013
27-02-2014
12-03-2015
19-03-2016
15-02-2017
15-04-2018

120
106
175
183
182
168
187
212
148

m

Data gap

307.3
307.3
153.6
153.6
153.6
153.6
153.6
153.6
153.6

Table 2. ADCP mooring details for the mooring on the continental shelf oA Visakhapatnam. All the ADCPs deployed were
upward-looking and of make Teledyne RDI. The bin size is 4 m for the 153 (307) kHz ADCPs. The water depth at the mooring
location is  100 to 200 m. The angle of rotation, based on the clockwise rotation of the meridional component of the velocity is 47
for Visakhapatnam. The columns are as follows. C1: ADCP name. C2: Position (longitude in  E, latitude in  N) and water-column
depth (m). C3: Starting and ending dates. C4: Depth of ADCP (m). C5: Frequency, m (kHz), of the ADCP. C6: Start and end date
of the data gap(s); when there are no data gaps for a deployment, this column is left blank.
ADCP

Position

/Water depth

Start date

End date

ADCP depth

BOVS1
BOVS2
BOVS3
BOVS4
BOVS5
BOVS6
BOVS7
BOVS8

83.98
83.98
83.98
84.00
84.00
83.97
83.97
83.98

17.80/108
17.82/110
17.82/109
17.82/189
17.82/193
17.79/193
17.79/187
17.79/197

18-05-2010
20-03-2011
14-02-2012
18-03-2013
25-02-2014
09-03-2015
18-03-2016
22-02-2017

20-03-2011
10-09-2011
08-11-2012
25-02-2014
26-03-2015
05-03-2016
19-05-2016
14-04-2018

101
103
102
179
183
183
177
187

the 153 kHz ADCP. The bin size is 4 m and the
sampling interval varies from 15–30 minutes. The
data record is not continuous, however, owing to
loss of a mooring or malfunction of the ADCP.
The data were processed following the methods
described in Amol et al. (2014) and Mukherjee
et al. (2014). BrieCy, the tidal components having
a period of a day or less are eliminated using the
Tidal Analysis Software Kit (TASK-2000) software
(Bell et al. 1998). Gaps are Blled using the method
of (Kutsuwada and McPhaden 2002) and the detided currents are rotated to get the alongshore and
cross-shore components by minimizing the crossshore component using a least-squares approach. A
correction is applied to account for Cuctuations in
depth (Mukhopadhyay et al. 2020).
The ADCP data are then low-pass-Bltered with a
72-hour Lanczos Blter to retain only the sub-inertial current. The earlier papers (Mukherjee et al.

m
307.3
307.3
307.3
153.6
153.6
153.6
153.6
76.8

Data gap
10-09-2011–14-02-2012
08-11-2012–18-03-2013

05-03-2016–18-03-2016
19-05-2016–22-02-2017

2014; Amol et al. 2014) used a fourth-order
Butterworth Blter, which leads to less loss of data at
the ends of the time series, but it is more difBcult to
interpret the Bltered currents at such edges in the
time series owing to distortion in the Bltered signal.
Like the slope data (Mukhopadhyay et al. 2020),
the shelf data too have gaps, and the Lanczos Blter,
while implying more loss of data near the edges of
such gaps, leads to less distortion of the Bltered
current. The Lanczos Blter involves weights and
increasing the number of weights increases the
response in the centre of the frequency band being
considered. This number of weights increases
inversely with the difference f1 f2 , where f1 and f2
(f1 [ f2 ) are the two cutoA frequencies for the band.
Increasing the number of weights also increases,
however, the loss of data near gap edges or at the
ends of the time series, implying that the choice of
weights is a compromise between getting an

Page 5 of 19 106

J. Earth Syst. Sci. (2020)129:106

Table 3. ADCP mooring details for the mooring on the continental shelf oA Kakinada. All the ADCPs deployed were upwardlooking and of make Teledyne RDI. The bin size is 4 m for the 153 (307) kHz ADCPs. The water depth at the mooring location is
 100 to 200 m. The angle of rotation, based on the clockwise rotation of the meridional component of the velocity, is 56 for
Kakinada. The columns are as follows. C1: ADCP name. C2: Position (longitude in  E, latitude in  N) and water-column depth
(m). C3: Starting and ending dates. C4: Depth of ADCP (m). C5: Frequency, m (kHz), of the ADCP. C6: Start and end date of the
data gap(s); when there are no data gaps for a deployment, this column is left blank.
m

ADCP

Position

/Water depth

Start date

End date

ADCP depth

BOKS1
BOKS2
BOKS3
BOKS4
BOKS5
BOKS6
BOKS7
BOKS8

82.18

16.31/123

307.3

16.29/173
16.25/184
16.25/208
16.25/188
16.25/197
16.25/180

27-03-2011
–
15-03-2013
23-02-2014
07-03-2015
17-03-2016
14-02-2017
23-04-2018

95

82.19
82.10
83.12
82.12
82.12
82.12

13-05-2010
–
13-05-2012
15-03-2013
23-02-2014
07-03-2015
17-03-2016
15-02-2017

170
174
198
178
187
170

153.6
153.6
153.6
153.6
153.6
153.6

Data gap
27-03-2011–13-05-2012

Table 4. ADCP mooring details for the mooring on the continental shelf oA Cuddalore. All the ADCPs deployed were upwardlooking and of make Teledyne RDI. The bin size is 4 m for the 153 (307) kHz ADCPs. The water depth at the mooring location is
 100 to 200 m. The angle of rotation, based on the clockwise rotation of the meridional component of the velocity, is 24 for
Cuddalore. The columns are as follows. C1: ADCP name. C2: Position (longitude in  E, latitude in  N) and water-column depth
(m). C3: Starting and ending dates. C4: Depth of ADCP (m). C5: Frequency, m (kHz), of the ADCP. C6: Start and end date of the
data gap(s); when there are no data gaps for a deployment, this column is left blank.
ADCP

Position

/Water depth

Start date

End date

ADCP depth

BOPS1
BOPS2
BOPS3
BOPS4
BOPS5
BOPS6
BOPS7
BOPS8

80.14
80.14
80.15
80.13
80.14
80.10
80.13
80.13

12.03/167
12.03/97
12.03/110
12.01/173
12.02/186
12.10/194
12.01/178
12.01/180

01-05-2010
03-05-2011
10-02-2012
12-03-2013
21-02-2014
19-03-2015
14-03-2016
12-02-2017

24-03-2011
10-02-2012
24-02-2012
20-02-2014
29-03-2015
14-03-2016
12-02-2017
25-04-2018

141
90
107
163
176
184
168
170

accurate estimate of the signal in the band and the
loss of data. While this loss of data does not matter
for the intraseasonal and even the intra-annual
bands, it does matter for the annual band. Therefore, while the weighting window is 3=f2 , where f2 is
the lower frequency (in the units of the time
interval used for the analysis), for the intra-annual
and lower periods, we use 1:5=f2 for estimating the
annual and sub-annual currents.
In the rest of this paper, the basic data set consists of the sub-inertial, rotated (alongshore and
cross-shore) currents estimated from the ADCP
data.
2.2 OSCAR
The OSCAR product, which provides an estimate
of the near-surface current averaged over the top
 30 m (Bonjean and Lagerloef 2002), has been
shown to match well with direct current

m
307.3
307.3
307.3
153.6
153.6
153.6
153.6
153.6

Data gap
24-03-2011–03-05-2011
24-02-2012–12-03-2013

measurements in the north Indian Ocean (Sikhakolli et al. 2013; Amol et al. 2014; Mukherjee et al.
2014; Mukhopadhyay et al. 2017, 2020). We use
the data product with a temporal (spatial) resolution of Bve days (0:33  0:33 ); the data were
downloaded from http://podaac.jpl.nasa.gov/.
Unlike on the slope, where the topmost ADCP
bin lies below 30 m over much of the data record
(Mukhopadhyay et al. 2020), data are available on
the shelf at 24 m. Owing to the coarse resolution of
the OSCAR product and the narrow shelf width in
the western bay, the same OSCAR grid point is
used for comparing with both slope (Mukhopadhyay et al. 2020) and shelf currents.
3. Sub-inertial currents
The bottom ADCP bin for which data are available
varies through the time series owing to the change
in deployment depth from  100 m to  180 m
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after 2011; the shift farther oAshore on the shelf
occurred Brst oA Gopalpur in July 2011 (table 1)
and was followed by Kakinada in May 2012
(table 3) and Visakhapatnam (table 2) and Cuddalore (table 4) in March 2013. Hence, the spectral
analysis presented in later sections is restricted to
the top  100 m, but we do present the sub-inertial
currents up to  180 m because the loss due to
Bltering is much less than for the longer Blters used
for the intraseasonal or seasonal currents. The subinertial alongshore and cross-shore components are
discussed in this section. For convenience and
consistency with the literature (Mukherjee et al.
2014; Mukhopadhyay et al. 2020), the year is
divided into three seasons : spring (often called
‘‘spring inter-monsoon’’ in the literature) refers to
February–April, summer or summer monsoon to
June–August, and winter or winter monsoon to
October–December. January, May, and September
represent the transition between seasons.

J. Earth Syst. Sci. (2020)129:106
3.1 Alongshore component
Following Mukherjee et al. (2014), the sign
convention is that an upwelling (downwelling) favorable or poleward (equatorward) alongshore current
is positive (negative; Bgure 2). As on the slope
(Mukhopadhyay et al. 2020), the seasonal cycle of
the alongshore EICC, with strong poleward Cow
during spring and equatorward Cow during winter,
is apparent at all four locations (Bgure 2). Therefore, these canonical directions attributed to the
slope EICC in the literature (Shetye et al.
1991, 1993, 1996; McCreary et al. 1993, 1996) are
robust features of its seasonal cycle on the shelf as
well.
The range of the alongshore current, determined
by the difference between the poleward current
during spring and the equatorward Cow during
winter, increases from Gopalpur to Kakinada, but
then decreases oA Cuddalore (Bgure 2). The

Figure 2. The sub-inertial alongshore current (cm s 1 ) at all four mooring locations estimated. A poleward current is positive.
The odd panels show the current at 24 m (black), 100 m (red), and 150 m (green) and the even panels show the depth-time
variation of the sub-inertial current, with the same colours used to mark these depths. The beige, yellow, and grey shading
represents spring (February–April), summer monsoon (June–August), and winter monsoon (October–December), respectively,
with May, September, and January marking the transition between these seasons. Note that the colour scale is not uniform in the
even panels. In all eight panels, the vertical blue lines are used to separate the years. The red vertical dashed lines represents the
time when the shelf ADCPs at a particular location are shifted to deeper water of  180 m from a shallower depth which is
usually  100 m.

J. Earth Syst. Sci. (2020)129:106
strongest alongshore EICC is seen oA Kakinada,
where the poleward speed at 24 m exceeds
150 cm s 1 during spring in 2014, 2016, and 2017.
The duration and strength of the poleward Cow
during spring varies with year: both duration and
strength are high during 2014 and 2016, but weak
during 2015. During the summer monsoon, the
climatological expectation of equatorward Cow is
seen near the northern end of the coast oA Gopalpur, but the climatological expectation of weak
poleward Cow is not met in all years at the other
locations. OA Kakinada, the expected poleward
surface current and equatorward undercurrent are
seen only during 2010, 2013, 2015, and 2017. There
is variation in the direction along the coast, with
the EICC at 24 m Cowing poleward oA Cuddalore
only during the summer monsoon of 2015–2017.
The EICC oA Visakhapatnam shows significant
differences from both Gopalpur to its north and
Kakinada to its south even though the separation is
 200 km. The duration of the poleward Cow
during spring is different and so is the EICC
direction on several occasions, an example of which
is seen during December 2014, when the EICC
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Cows equatorward oA Gopalpur and Kakinada, but
is poleward oA Visakhapatnam.
The vertical extent of the EICC also varies along
the coast. The EICC is a deep Cow only during the
Brst half of spring oA Visakhapatnam and Kakinada,
but even at these locations it tends to reverse with
depth in some years (Bgure 2). The duration of
poleward Cow during spring also decreases with
depth, with the alongshore current oA Kakinada
tending to reverse to Cow equatorward in March
below  100 m. This reversal of the alongshore current with depth gives rise to an undercurrent in the
later half of spring. OA Gopalpur, an undercurrent is
evident more often, but it is more prominent oA
Cuddalore, where it is seen in most years (Bgure 2).
The wavelet analysis shows a strong seasonal
cycle at all four locations, including Visakhapatnam (Bgure 3). Following Mukhopadhyay et al.
(2020), we split the seasonal cycle into an annual
cycle, which has a period around  365 days, and
intra-annual variability, which consists of the semiannual cycle (period  180 days) and a band
around 120 days. The length of the data record is
sufBcient to bring the annual cycle within the cone

Figure 3. Morlet wavelet power spectrum (cm2 s 2 ) for the alongshore ADCP current at 48 m at all four mooring locations. The
ordinate is the period (days) plotted on a log2 scale; a log2 scale is also used for the wavelet power, for which the colour scale is not
uniform. The thick black curve represents the cone of inCuence. The horizontal lines mark 4 years, 2 years, 1 year or 365 days
(annual band), 180 days (semi-annual band), 90 days, and 30 days. The semi-annual and 120-day bands constitute the intraannual variability and the low-frequency (high-frequency) part of the intraseasonal variability is contained in the 30–90-day
band (4–30-day band).
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of inCuence in several years, implying that it is
statistically reliable. The annual cycle is strong at
all four locations, but its strength does vary over
the time series. The dominant component in the
intra-annual band switches between the semi-annual and 120-day bands in different years.
Variability at intraseasonal periods (less than
100 days) is weaker and is stronger oA the central
part of the coast, i. e., oA Kakinada. The wavelet
power in the intraseasonal band tends to peak in
different seasons and the season in which it peaks
also varies with year (Bgure 3).
Though the length of the data is not sufBcient to
permit a statistically reliable analysis of the
wavelet power at sub-annual periods, the power is
not low in this part of the wavelet spectrum, suggesting that sub-annual variability is not weak in
the regime of the EICC.
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A comparison of the ADCP and OSCAR alongshore currents at 24 m shows a good match on the
shelf for the seasonal cycle, but the comparison is
poorer at intraseasonal periods (Bgure 4). OA Gopalpur, however, the OSCAR-ADCP match weakens
even for the seasonal cycle during 2016–2017. OA
Cuddalore, though the wavelet coherence is high for
the seasonal cycle, the poleward Cow is weaker in the
OSCAR data during spring and the equatorward Cow
is stronger during winter, suggesting the possibility of
a bias. Such a bias is also evident on the slope, where
the OSCAR current is compared with the ADCP
current at 48 m (Mukhopadhyay et al. 2020).
How does the alongshore current on the shelf
compare with that on the slope? The Brst common
depth level is at 48 m and a wavelet coherence
analysis between the slope and shelf currents shows
an in-phase variation for the seasonal cycle at all

Figure 4. The sub-inertial alongshore current (cm s 1 ) at all four mooring locations estimated from the ADCP (black curves)
and OSCAR (red curves) data is plotted in the odd panels; the ADCP current is at 24 m and the OSCAR current represents an
average over the top  30 m. Poleward (equatorward) currents are positive (negative) and the OSCAR grid point nearest to the
ADCP mooring location has been used for the comparison. The beige, yellow, and grey shading represents spring
(February–April), summer monsoon (June–August), and winter monsoon (October–December), respectively, with May,
September, and January marking the transition between these seasons. The even panels show the wavelet coherence between the
ADCP and OSCAR current; the ordinate for these panels is the period (days) plotted on a log2 scale. The thick black curve marks
the cone of inCuence and the coherence above the 95% significance level is marked by the black contours. The phase difference is
shown by the arrows, which are marked only if the coherence exceeds 0.5. The ADCP current leads (lags) the OSCAR current in
anticlockwise (clockwise) direction. The horizontal dashed lines mark 365, 180, 90, and 30 days on the ordinate. In all eight
panels, the vertical green lines are used to separate the years. The red vertical dashed lines represents the time when the shelf
ADCPs at a particular location are shifted to deeper water of  180 m from a shallower water which is usually  100 m.
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Figure 5. The sub-inertial alongshore current (cm s 1 ) at all four mooring locations estimated from the ADCP shelf (black
curves) and slope (red curves) data is plotted in the odd panels; the ADCP currents are plotted at 48 m. The beige, yellow, and
grey shading represents spring (February–April), summer monsoon (June–August), and winter monsoon (October–December),
respectively, with May, September, and January marking the transition between these seasons. The even panels show the
wavelet coherence between the ADCP slope and shelf current for the same depth (48 m); the ordinate for these panels is the
period (days) plotted on a log2 scale. The thick black curve marks the cone of inCuence and the coherence above the 95%
significance level is marked by the black contours. The phase difference is shown by the arrows, which are marked only if the
coherence exceeds 0.5. The ADCP current slope current leads (lags) the shelf current in anticlockwise (clockwise) direction. The
horizontal dashed lines mark 365, 180, 90, and 30 days on the ordinate. In all eight panels, the vertical green lines are used to
separate the years. The red vertical dashed lines represents the time when the shelf ADCPs at a particular location are shifted to
deeper water of  180 m from a shallower depth which is usually  100 m.

four locations (Bgure 5). There are occasions,
however, when the slope current leads that on the
shelf even at these periods: an example is oA
Gopalpur during 2017–2018, but we note that this
part of the wavelet spectrum lies outside the cone
of inCuence owing to the gaps in the slope ADCP
data (see table 1 of Mukhopadhyay et al. 2020). At
intraseasonal periods, the coherence is high oA
Gopalpur and Visakhapatnam, but weakens to the
south and is patchy oA Cuddalore. At intraseasonal
periods, the current on the shelf often leads that on
the slope: examples include the summer monsoon
of 2013 and 2014 oA Kakinada (Bgure 5).
3.2 Cross-shore component
As on the slope (Mukhopadhyay et al. 2020),
the cross-shore component on the shelf is much

weaker than the alongshore component. The
cross-shore component of the EICC is usually
less than 40 cm s 1 on the shelf (Bgure 6). Like
the alongshore component (Bgure 2), the crossshore component too varies with season. In
general, the cross-shore Cow peaks during
spring at all locations, being oAshore oA
Gopalpur, Visakhapatnam, and Kakinada, but
onshore oA Cuddalore. The strongest oAshore
Cow occurs oA Visakhapatnam during April
2017,
when
the
magnitude
approaches
1
60 cm s ; comparable onshore Cow occurs
during April 2011, but this strong onshore burst
follows oAshore Cow during February–March.
OA Kakinada, the oAshore Cow during the
summer monsoon is comparable to that during
spring in some years. During winter, there is
oAshore Cow oA Cuddalore.

106

Page 10 of 19

J. Earth Syst. Sci. (2020)129:106

Figure 6. The sub-inertial cross-shore current (cm s 1 ) at all four mooring locations estimated. A poleward current is positive.
The odd panels show the current at 24 m (black), 100 m (red), and 152 m (green) and the even panels show the depth-time
variation of the sub-inertial current, with the same colours used to mark these depths. The beige, yellow, and grey shading
represents spring (February–April), summer monsoon (June–August), and winter monsoon (October–December), respectively,
with May, September, and January marking the transition between these seasons. Note that the colour scale is not uniform in the
even panels. In all eight panels, the vertical blue lines are used to separate the years. The red vertical dashed lines represents the
time when the shelf ADCPs at a particular location are shifted to deeper water of  180 m from a shallower depth which is
usually  100 m).

4. The seasonal cycle
The seasonal cycle dominates the variability of the
alongshore EICC on the shelf. We use a band-pass
Lanczos Blter to isolate the variability in the
annual (300–400 days) and intra-annual (100–250 days) bands.
4.1 Annual cycle
Application of the 300–400-day band-pass Blter
decreases the length of the record owing to the gaps
evident in Bgure 2. These gaps restrict the Bltered
annual cycle to just over six, two, Bve, and four
years oA Gopalpur, Visakhapatnam, Kakinada,
and Cuddalore, respectively (Bgure 7). This problem is also evident in the wavelet spectrum, in
which the annual cycle oA Visakhapatnam falls
within the cone of inCuence only during 2014
(Bgure 3). Notwithstanding the gaps, however, the

wavelet analysis does suggest strong variability in
the annual band at all four locations. Since this
strong annual cycle is common to the alongshore
EICC on the slope and the outer shelf, it is not
surprising that the coherence between the slope
and shelf currents, estimated at 48 m, is high and
in phase (Bgure 5).
As on the slope (Mukhopadhyay et al. 2020), the
strength of the annual cycle on the shelf too varies
over the time series (Bgures 3, 7). OA Kakinada,
the annual cycle is stronger during 2014 and 2016,
with a relative minimum during 2015. While the
relative magnitudes during 2014–2015 are similar
oA Visakhapatnam and Cuddalore, the annual
cycle is stronger during 2013 and 2015 compared to
2014 (Bgures 3, 7). The strong annual cycle is
shallowest oA Cuddalore, where the strong annual
current is restricted to the top  60 m (Bgure 7); it
is deeper,  80 m oA Gopalpur, but it is only oA
the central part of the western bay, oA
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Figure 7. The seasonal cycle of the alongshore current (cm s 1 ). The odd (even) panels show the annual (intra-annual) cycle,
estimated using a 300–400-day (100–250-day) Lanczos Blter, as a function of time (abscissa) and depth (m, ordinate). Poleward
(equatorward) Cow is red (blue). The colour key is not uniform. In all eight panels, the vertical green lines are used to separate
the years. The slanted dashed lines in the even panels (intra-annual cycle) mark some instances of downward phase propagation,
which are more prominent oA Cuddalore, but are seen at all four locations.

Visakhapatnam and Kakinada, that the strong
annual current extends below  100 m. This
increase in the depth in the central bay is evident
on the slope too (Mukhopadhyay et al. 2020).
Upward phase propagation, a sign of remote
forcing, is evident for the annual band at all four
locations (Bgure 7). In this band, the wavelet
coherence between the ADCP current at 24 m and
the OSCAR current is close to 1 and the two currents are in phase (Bgure 4). A similar high
coherence exists between the ADCP current at
48 m and the OSCAR current, but the ADCP
current at 48 m tends to lead the OSCAR current,
with the phase lag being higher oA Cuddalore
(Bgure not shown for the 48 m coherence) owing to
the slower vertical phase speed there: the slower
upward phase propagation oA Cuddalore is indicated by the higher slope of the isolines of phase
(Bgure 7).
Notwithstanding these minor differences in the
annual cycle along the coast, a wavelet coherence
analysis shows that the annual cycle of the shelf
EICC is highly coherent along the coast (Bgure 8).

The asynchronous data gaps (tables 1–4, Bgure 2)
imply that the annual cycle falls within the cone of
inCuence only for the Kakinada-Cuddalore pair, for
which it is clear that the phase oA Kakinada leads
that oA Cuddalore.
4.2 Intra-annual variability
For the intra-annual band, particularly the semiannual component, too, the shelf-slope coherence
at 48 m is high and the currents tend to show
negligible phase lag (Bgure 5). The switching over
years between the semi-annual and 120-day bands
as noted by Mukhopadhyay et al. (2020) on the
slope is evident on the shelf as well (Bgures 3, 7).
For example, oA Kakinada, the semi-annual band
dominates during 2013 and 2016, with the 120-day
band gaining during 2014. This switching is evident
oA Gopalpur as well; as on the slope, it is only oA
Cuddalore that the semi-annual band dominates
throughout the time series (Bgures 3, 7) and the
120-day band appears in patches, with peaks
during 2014, 2016, and 2017 (Bgure 3).
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Figure 8. Alongshore wavelet coherence of the alongshore
current at 24 m. The thick black curve represents the cone of
inCuence and the coherence above the 95% significance level is
marked by the black contour. The ordinate (period, days) is
plotted on a log2 scale. The horizontal dashed lines mark 365,
180, and 90 days. The top panel shows the coherence between
Gopalpur and Visakhapatnam, the middle panel between
Visakhapatnam and Kakinada, and the bottom panel between
Kakinada and Cuddalore. The phase difference is shown by
the arrows, which are marked only if the coherence exceeds
0.5. The current at the northern location leads (lags) the
current at the southern in anticlockwise (clockwise) direction.
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variability in this band is restricted to the top
 60 m even during spring on the shelf. The phase
propagates upward oA Gopalpur, Visakhapatnam,
and Kakinada, but downward propagation is also
seen at these locations on a few occasions: examples
oA Kakinada are seen during the summer and
winter monsoons of 2015, oA Visakhapatnam during spring 2015, and oA Gopalpur during the
summer monsoon of 2014. The downward propagation of phase is, however, most striking oA
Cuddalore, where it is seen in several years.
As a consequence of this switching between the
semi-annual and 120-day bands, the coherence
between the ADCP current at 24 m and the
OSCAR current varies over the years (Bgure 4).
The ADCP and OSCAR current tend to be in
phase, but the downward phase propagation oA
Cuddalore (and oA Kakinada during 2015) results
in the OSCAR current tending to lead the ADCP
current. This phase difference is more prominent
for the 48 m ADCP current (Bgure not shown).
The alongshore coherence is weak for the
120-day band, but it is higher for the semi-annual
band (Bgure 8). As on the slope, Kakinada leads
Cuddalore during 2013 and 2017, but lags Cuddalore during 2014–2016.

5. Intraseasonal and interannual variability
Though the wavelet spectrum shows a higher
power for the annual cycle compared to the intraannual bands (Bgure 3), the Bltered currents show
that the intra-annual component is stronger than the
annual cycle (Bgure 7). As noted by Mukhopadhyay
et al. (2020) for the slope EICC, this difference arises
because the wavelet analysis used here follows Torrence and Compo (1998), whose method leads to a
Cat white-noise spectrum. A consequence is that sine
functions of equal amplitude exhibit different integrated powers proportional to their oscillation scale
(Maraun and Kurths 2004). As a result, it is not
possible to compare the variability across period
bands, but it is possible to compare variability within
a speciBc band over the time series (Chaudhuri et al.
2020). Hence, though the wavelet analysis suggests a
stronger annual cycle (Bgure 3), the intra-annual
component tends to be stronger, but both annual and
intra-annual components vary over the time series
(Bgure 7).
As on the slope (Mukhopadhyay et al. 2020), the
intra-annual EICC is a deep current oA Gopalpur,
Visakhapatnam, and Kakinada (Bgure 7). There is
a difference oA Cuddalore, however, because strong

5.1 Intraseasonal variability
Following
Mukherjee
et al.
(2014)
and
Mukhopadhyay et al. (2020), we split the
intraseasonal band, which covers the period range
from  5 to 100 days, into two bands. The lower
frequencies cover the 30–90-day band that is
associated with the Madden–Julian Oscillation
(MJO; Madden and Julian 1971, 1972), whose
signatures have been noted in the altimeter and
ADCP data on the continental slope oA the Indian
coasts (Vialard et al. 2009; Suresh et al. 2013;
Amol et al. 2014; Mukherjee et al. 2014, 2018), and
the high-frequency band covers the 4–30 day period range. As on the slope (Mukhopadhyay et al.
2020), intraseasonal variability on the shelf is
weaker than the seasonal cycle (Bgure 3) and the
variability in the intraseasonal bands changes with
year (Bgures 3, 9).
For the 30–90-day band, the shelf-slope coherence for the alongshore current at 48 m is strong
and generally in phase oA Gopalpur and Visakhapatnam, but the coherence is lower oA Kakinada
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Figure 9. Intraseasonal variability of the alongshore current (cm s 1 ) at all four locations as a function of time (abscissa) and
depth (ordinate, m). The odd (even) panels represents currents from shelf (slope). A 30–90-day band-pass Lanczos Blter was used
to isolate the intraseasonal periodicities. Note that the colour scale is not uniform. In all eight panels, the vertical blue lines are
used to separate the years.

(Bgure 5), where there are occasions—examples
being May 2015 and August 2017—when the shelf
current Cows opposite to the slope current. OA
Cuddalore, where variability in this band is weakest (Bgure 3), the coherence tends to be patchy
(Bgure 5).
As on the slope (Mukhopadhyay et al. 2020),
variability in the 30–90-day band is stronger oA
Visakhapatnam and Kakinada and weakest oA
Cuddalore (Bgure 3). Though the variability in this
band varies across seasons, a definite seasonality is
not evident. OA Gopalpur and Kakinada, however,
there is a tendency for the 30–90-day variability to
peak during spring and winter. The wavelet power
spectrum (Bgure 3) suggests that the variability at
higher periods in this 30–90-day band (i. e., closer
to 90 days) is linked to the 120-day variability,
while the variability at the shorter periods in this
band is delinked from the higher periods.
Like the intra-annual EICC, the intraseasonal
EICC tends to be a deep current, the exception
being Cuddalore, where the current in this band
weakens sharply below  60 m (Bgure 9). This
weakening with depth oA Cuddalore, particularly

strong during 2013 and 2015, is in contrast to the
slope. As in the seasonal bands, the phase tends to
propagate upward in the 30–90-day band. There is
high, but patchy, coherence between the 24 m
ADCP current and the OSCAR current, with the
OSCAR current often leading the ADCP current
(Bgure 4). The coherence weakens when the 48 m
shelf current is used instead of the 24 m current
(Bgure not shown).
The alongshore coherence is weak and patchy
(Bgure 8) in this band and the EICC decorrelates
alongshore (Durand et al. 2009; Mukherjee et al.
2014).
Variability in the 4–30-day band is also evident
at all four locations (Bgure 3). While the variability
in this band also shows seasonal variation and
tends to be stronger during spring and winter, this
is not true of all years at all locations. Though
weak, variability in the 8–12-day band, which was
noted on the west-coast slope (Amol et al. 2014)
and shelf (Amol et al. 2012) and on the east-coast
slope (Mukherjee et al. 2014; Mukhopadhyay et al.
2020), is present on the east-coast shelf as well, but
a definite seasonality is not evident (Bgure 3).
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The shelf-slope coherence is high oA Gopalpur
and Visakhapatnam in the 4–30-day band too, but
there are occasions when the slope current leads
the shelf current and vice versa (Bgure 5). OA
Kakinada, the coherence is weaker and patchy; the
phase also changes, with the shelf current often
tending to lead the slope current. OA Cuddalore,
the coherence in this high-frequency band is even
more patchy than in the 30–90-day band.
As expected, the 4–30-day band also decorrelates
along the coast (Bgure 8).

5.2 Interannual variability
One way of analysing interannual variability (sections 4 and 5.1) is to analyse the variability of the
annual and higher frequencies (seasonal and
intraseasonal variability) across years. Another
way is to use a low-pass Lanczos Blter to estimate
the sub-annual variability. The wavelet power
spectrum suggests that variability at periods of the
order of 512 days (just under 1.5 years) or more is
present at all the four mooring locations. (Following Mukherjee et al. (2014), we use suggests instead
of shows for the sub-annual variability owing to
much of the time series lying outside the cone of
inCuence at these periods.)
Use of a 500-day low-pass Blter suggests that the
sub-annual variability at 24 m is not weak on the
shelf (Bgure 10). As noted on the slope
(Mukhopadhyay et al. 2020), there is a bias
between the OSCAR current and the 24 m ADCP
current at sub-annual time scales, with the
OSCAR current tending to be more equatorward.
The 500-day low-passed current is particularly
strong oA Kakinada, where it exceeds
to
the
seasonal
40 cm s 1 —comparable
cycle—during its spring poleward phase in 2014
and 2017.
There is, however, a lack of coherence between
neighboring locations. For example, during 2015,
the current is poleward oA Cuddalore, but equatorward oA Kakinada, with a similar mismatch
between Visakhapatnam and Kakinada (Bgure 10).
This lack of alongshore coherence suggests that the
sub-annual EICC even on the continental shelf
decorrelates along the Indian east coast, as noted
earlier for the slope in the altimeter Durand et al.
(2009) and ADCP (Mukhopadhyay et al. 2020)
data. A likely reason for this decorrelation is the
existence of eddies at interannual time scales in the
western bay (Chen et al. 2012).

Figure 10. Sub-annual variability of the alongshore current
(cm s 1 ). The panels show the 500-day-low-passed alongshore
current estimated using a Lanczos Blter from the ADCP (black
curves) and OSCAR (thick grey curves) data at the four
mooring locations. As in Bgure 4, the ADCP current is at 24 m
and the grid point nearest the mooring location was used for
the OSCAR current. In all four panels, the vertical black lines
are used to separate the years.

6. Discussion
In this section, we summarise the results and
discuss their implications for the predictability of
the direction of the EICC and the inner shelf.
6.1 Summary
To summarise, the ADCP data for 2009–2018 from
the outer continental shelf oA the Indian east coast
have permitted the Brst quantitative description of
the variability of the EICC at sub-inertial time
scales. The narrow shelf width, less than the local
Rossby radius, implies that the shelf EICC is
strongly correlated with the slope EICC at least at
the seasonal time scales (Bgure 5). The data show
that the seasonal cycle dominates the variability of
the EICC (Bgures 3, 7, 9). As on the slope, the
amplitude of the annual band varies over the time
series (Bgures 3, 7) and the variability in the intraannual band switches between the semi-annual and
120-day bands oA Gopalpur, Visakhapatnam and
Kakinada, but the semi-annual band is stronger
than the 120-day band oA Cuddalore throughout
the time series (Bgures 3, 7). Modelling studies
have shown that the semi-annual component is due
to the asymmetry associated with the summer and
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winter monsoons and forcing from the equatorial
Indian Ocean (McCreary et al. 1996; Mukherjee
et al. 2018). While the 120-day variability has also
been documented in the equatorial Indian Ocean
(Han et al. 2011), the mechanism forcing variability in this band in the regime of the EICC is not
clear (Mukherjee et al. 2018).
Upward phase propagation is common for the
seasonal cycle, but, as on the slope, downward
phase propagation is common in the intra-annual
band oA Cuddalore and it is also seen during the
summer and winter monsoons of 2015 oA Kakinada
(Bgure 7). As on the slope, even the annual EICC is
a shallow current oA Cuddalore, but it is deep oA
Gopalpur,
Visakhapatnam,
and
Kakinada
(Bgure 7). This deep Cow is evident at these locations even in the intraseasonal (30–90-day) band.
Though seasonal variation is evident in the
amplitude of the variability in the intraseasonal
band, there is no clear seasonal pattern (Bgures 3,
9). As on the slope (Mukhopadhyay et al. 2020),
the annual EICC is coherent along the coast, but a
comparable coherence in the intra-annual bands is
seen only for the semi-annual cycle between Kakinada and Cuddalore: the EICC decorrelates along
the coast in the 120-day and intraseasonal bands
(Bgure 8).
Wavelet analysis (Bgure 3) and the use of a
500-day low-pass Blter (Bgure 10) suggest the
existence of significant variability at sub-annual
periods on the shelf; comparable sub-annual variability is observed on the slope too (Mukhopadhyay et al. 2020). As on the slope, there is an
equatorward bias in the OSCAR alongshore current compared to the 24 m ADCP current oA
Cuddalore and the interannual EICC decorrelates
along the coast.

6.2 Predictability of the EICC direction
What is the likelihood of the EICC Cowing in a
particular direction on a given day of a year, say,
21 March? As on the slope (Mukhopadhyay et al.
2020), even the sub-inertial current is almost
always poleward during spring (February–April;
Bgure 11). Assuming the monthly-mean EICC to
be zero as the null hypothesis shows a statistically
significant (2-sided test following Moore et al.
(2013)) poleward Cow at all four locations during
February–April, with the poleward Cow persisting
oA Kakinada and Cuddalore during May (table 5).
During the summer monsoon, the direction of the
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EICC on the shelf tends to be ambiguous, with the
scatter around the mean tending to lie on both
sides of the zero line oA Visakhapatnam, Kakinada,
and Cuddalore (Bgure 11, table 5). OA Gopalpur,
however, the EICC tends to Cow equatorward
during the summer monsoon and this equatorward
Cow persists through the winter monsoon
(Bgure 11, table 5). Therefore, the winter equatorward peak occurs earlier oA Gopalpur (October)
than oA the other three locations, where the
reversal to equatorward Cow occurs in October and
the equatorward EICC peaks in November
(Bgure 11, table 5). This north-south change in the
peak of the equatorward EICC has been noted in
coastal tide-gauge data (Shankar 1998, 2000) and
has been attributed to the eAect of remote forcing
from the equatorial Indian Ocean and Ekman
pumping over the bay overwhelming the local
winds towards the northern end of the Indian east
coast (McCreary et al. 1996; Vinayachandran et al.
1996; Shankar 1998, 2000). (The reversal to poleward Cow oA Visakhapatnam in December
(table 5) distinguishes it from the other three
mooring locations and may be due to the shorter
data record at this location.)
Filtering with a 30-day low-pass Lanczos Blter
shows more clearly the canonical climatological
directions (Bgure 11). That even a 30-day low-pass
Blter is sufBcient to establish the dominance of
seasonal variability in the regime of the EICC
enhances its potential predictability.

6.3 Implications for the inner shelf
The shelf ADCP measurements are continuing oA
the Indian east coast, but the threat posed by
trawling is serious.: this threat forced the relocation of the shelf moorings from a water-column
depth of  100 m to  180 m (tables 1–4), which
represents the outer shelf. Though the horizontal
distance between these two locations is small owing
to the narrow shelf in the western bay (Bgure 1),
the greater depth has thus far permitted the successful retrieval of these shelf moorings. Given the
narrow shelf width, however, these moorings,
whether deployed at  100 m or  180 m, are
essentially deployed on the outer shelf near the
shelf break. Can these ADCP data be used to infer
the likely variability in nearshore waters?
Earlier studies show that the monthly-mean
EICC, as manifest in the ship drifts, is significantly
correlated with coastal tide-gauge data (Shetye
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Figure 11. In which direction does the alongshore EICC Cow on a given day? The top panels show the alongshore, sub-inertial
EICC (cm s 1 ) at 24 m the four mooring locations. The solid black curve is the mean for the available data during 2010–2018 and
each colour represents the current during a particular year. The dashed black curves mark one standard deviation about the
mean. The panels in the second, third, and fourth rows show the 30-day, 90-day, and 150-day low-passed (LP) current; the
Lanczos Blter was used for Bltering and the solid and dashed black curves and the coloured dots are as in the top panels. The
beige, yellow, and grey shading represents spring (February–April), summer monsoon (June–August), and winter monsoon
(October–December), respectively, with May, September, and January marking the transition between these seasons. Note that
in spite of the scatter of the coloured dots about the mean, the canonical poleward (equatorward) direction of the EICC is evident
even in the sub-inertial current in the top panels. It is only during summer, when the near-surface EICC is weak, that the scatter
about the zero line is significant, indicating the possibility that the EICC may Cow in either direction during a given year.

and Almeida 1985; Shankar 1998, 2000), suggesting
that the large-scale boundary current leaves its
imprint on the nearshore current. At higher frequencies, this link between the large-scale EICC
and the nearshore EICC is evident in the high
cross-shore correlation between the alongshore
current measured using HF radars at the slope
ADCP location and at the radar grid closest to the
coast (Mukhopadhyay et al. 2017). As shown by
Mukhopadhyay et al. (2017), the coherence
between the EICC on the slope and that on the
shelf is not restricted to the outer shelf, but extends
to the inner shelf. These HF radars not only yield
data closer to the coast than is possible with other
instruments (like moored ADCPs or current
meters), but also provide a measure of the surface
current, something not available from the ADCP
moorings. Shelf-current measurements are easier to
make using HF radars because they are located at

the coast (John et al. 2015) and a network of these
radars is needed to provide a measure of the variability of the EICC in the nearshore waters. Nevertheless, though the ADCP data presented in this
paper are from moorings deployed on the outer
shelf, they can be interpreted in the light of earlier
studies (linking the large-scale EICC to the nearshore EICC and coastal sea level) to infer that the
variability seen in the ADCP data on the slope and
outer shelf is likely to manifest in the nearshore
EICC as well.
This imprint of the EICC, which is a boundary
current driven by basin-scale processes (Yu et al.
1991; Potemra et al. 1991; McCreary et al.
1993, 1996; Shankar et al. 1996, 2002; Vinayachandran et al. 1996; Clarke and Liu 1994), has
implications for environmental impact assessments
(EIAs). With increasing industrial activity along
the Indian coast, modelling studies for EIAs are
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Table 5. How predictable is the EICC direction? Based on the sub-inertial current plotted in the top
panel of Bgure 11, this table shows that the EICC Cows poleward during February–April and
equatorward during October–December. The numbers in the Brst row for each location are the mean
monthly current estimated from all available data for the month, the standard deviation for the
month, and the percentage of occurrences in which the current Cows in a given direction. A positive
(negative) sign for the mean implies poleward (equatorward) Cow and a positive (negative) sign for
the percentage (say, X) implies that the current Cows poleward (equatorward) X% of the time. The
p-value given in the second row is based on a 2-sided test for the null hypothesis that the mean
current is zero. The statistical significance is over 99% (p\0:01) in most months, the exceptions
occurring due to a low mean value in one month each oA Gopalpur (January), Kakinada (July), and
Cuddalore (September); it is only oA Visakhapatnam that the p-value is higher in four months (May,
June, September, and December), but the mean is again low in these four months. Note that the data
record is not uniform at the four locations, implying an unequal number of data points at these
locations. The data are available for seven years (2011–2017) oA Gopalpur, Bve years (2013–2017)
oA Kakinada, and four years (2014–2017) oA Cuddalore, but for only two years (2014–2015) oA
Visakhapatnam.
Month
January
February
March
April
May
June
July
August
September
October
November
December

Gopalpur

Visakhapatnam

Kakinada

Cuddalore

0.6/27.0/ 55
0.24
13.3/26.6/+73
\0:01
25.1/35.7/+76
\0:01
13.1/32.0/+64
\0:01
5.0/23.0/ 55
\0:01
9.6/27.0/ 63
\0:01
23.5/32.6/ 71
\0:01
25.9/29.3/ 76
\0:01
28.5/24.9/ 87
\0:01
32.9/31.1/ 89
\0:01
10.7/23.5/ 72
\0:01
6.4/19.2/ 66
\0:01

16.6/26.0/+74
\0:01
65.9/28.5/+100
\0:01
64.2/36.9/+100
\0:01
13.5/33.5/+65
\0:01
4.0/23.2/ 58
0.17
6.8/22.5/ 62
\0:02
17.2/23.3/ 89
\0:01
11.1/17.0/+74
\0:01
2.3/14.1/+70
0.11
18.3/28.2/ 66
\0:01
30.1/24.5/ 88
\0:01
4.9/28.2/+47
0.09

22.9/37.4/ 66
\0:01
63.4 /38.9/+95
\0:01
90.5/47.6/+97
\0:01
90.1/47.1/+97
\0:01
60.9/53.5/+85
\0:01
24.5/42.2/+73
\0:01
4.0/47.0/+43
0.15
5.8/24.0/ 63
\0:01
14.3/28.8/ 65
\0:01
30.8/27.5/ 85
\0:01
42.6/35.3/ 88
\0:01
38.2/29.9/ 89
\0:01

23.8/24.6/ 86
\0:01
16.7/25.0/+71
\0:01
44.7/26.1/+98
\0:01
70.8/26.4/+98
\0:01
50.2/27.0/+94
\0:01
5.6/20.1/+67
\0:01
13.0/24.0/+67
\0:01
8.7/20.1/+65
\0:01
2.0/15.3/ 57
0.16
24.6/29.6/ 82
\0:01
49.5/36.5/ 94
\0:01
28.7/21.5/ 90
\0:01

becoming common, but such studies typically use
small model domains. The imprint of the largescale circulation on the nearshore currents implies
that much larger domains, which can help resolve
the long baroclinic waves and shelf waves, must be
used even in these high-resolution model
simulations.
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