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During boreal summer, the Southwest Monsoon Current (SMC) turns
northeastward, transporting highly saline water into the Bay of Bengal (BOB)
and significantly influencing the dynamics of the upper ocean. Previous studies
have shown that an anticyclonic semi-geostrophic (SG) eddy forms on the
eastern flank of the SMC, this formation associated with the kinetic energy
transfer via the barotropic instability (BTI). The presence of such an eddy can
attenuate the meridional salinity flux, potentially affecting the development of the
circulation within the BOB. Acknowledging the importance of this phenomenon,
this study revisits the SG eddy using satellite altimetry data, reanalysis datasets
and in-situ observations from the Research Moored Array for African-Asian-
Australian Monsoon Analysis and Prediction (RAMA) project. Our results show
that a cyclonic eddy-like (CE-like) negative Sea Level Anomaly (SLA), generated in
the eastern BOB due to regional anomalous wind stress curl, also contributes to
the formation of the SG eddy. During the formation, mean flows on the northern
edge of the SG eddy are strengthened, while southeastward currents on the
eastern edge are structured influenced by CE-like SLA. Further instability analyses
indicate that the anisotropic component of BTl is significantly larger than the
isotropic component, which is attributed to the weak nonlinear planetary
geostrophic convergence of the SG eddy and the strong horizontal shear in
mean flow field induced by CE-like SLA. Additionally, our results point out that
anomalies in wind stress curl over the eastern BOB and subsequent formation of
negative SLA are likely influenced by the Indian Ocean Dipole. These findings
suggest that the coupling between SMC instability and regional wind stress curl
may play a pivotal role in the generation of SG eddy on interannual timescale,
with important implications for regional ocean dynamics.
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1 Introduction

The Bay of Bengal (BOB), a marginal basin in the northern
Indian Ocean, is well known for its low salinity and productivity
(Beal et al., 2020). Additionally, its circulation is strongly influenced
by dynamic factors such as the Asian Monsoon (Schott and
McCreary, 2001; Jinadasa et al., 2020). Researchers have
increasingly focused on this basin in recent years (Qiu et al,
2019; Huang et al, 2021; Ding et al., 2023). However, the
variability of oceanic circulation and wave/eddy activities has left
many questions unresolved in the mouth region of the bay.

The spring Wyrtki (1973) jet excites an equatorial Kelvin wave,
part of which propagates along the periphery of the bay as a coastal
Kelvin wave. A Rossby wave radiated by this coastal Kelvin wave is
observed south of Sri Lanka during the Southwest Monsoon (SM)
season, due to the topographic “bump” near 5°N. Cheng et al.
(2018) noted that a similar “bump” near 15°N in the central BOB
also promotes the radiation of Rossby waves from the eastern
boundary. The arrival of this Rossby wave causes the northward
migration of the Southwest Monsoon Current (SMC) and the
disappearance of westward flow south of Sri Lanka (Schott et al,
1994). Chen et al. (2017) argued that equatorial waves substantially
modulate currents in the tropical Indian Ocean. They illustrated
that eddy-like Sea Surface Height anomalies near 5°N are
predominantly manifestations of symmetric Rossby waves,
primarily induced by intraseasonal wind stress forcing within the
equatorial waveguide and the reflection of equatorial Kelvin waves
at the eastern boundary. Their research emphasizes the
disturbances in the flow field of lower latitude regions orginate
from equatorial remote forcing.

Vinayachandran and Yamagata (1998) pointed out that during
the SM season, a thermal dome and an anticyclonic vortex/eddy
occur on the east side of Sri Lanka (near 8°N). The thermal dome,
also known as the Sri Lanka Dome (SLD), and its seasonality and
interannual variability has been discussed by Cullen and Shroyer
(2019). Previous studies also indicate that during the SM season, the
development of the SLD corresponds to Eddy Kinetic Energy (EKE)
increment in the western coastal area of the BOB's mouth region
(Burns et al., 2017; Pathirana et al., 2022). The anticyclonic eddy on
the east side of SLD in shape with a radius of about 150 km, features
at a smaller scale than the Rossby radius of deformation. Therefore,
the anticyclonic eddy is certainly governed by the semi-geostrophic
(SG) dynamics in an oceanic context (Badin, 2012).
Vinayachandran and Yamagata (1998) argued this eddy is
balanced by weak planetary wave dispersion and weakly
nonlinear planetary geostrophic divergence, also satisfying the
unique conditions of intermediate geostrophic dynamics
discussed by Yamagata (1982) and Williams and Yamagata
(1984): beta parameter *<O(1), stratification parameter s*~Sf*,
and Rossby number R*~E(f* )2, where S and E are numbers of O(1).
Energy analysis of the SG eddy reveals a direct conversion from
Mean Kinetic Energy to EKE suggesting that Barotropic Instability
(BTT) is the mechanism leading to eddy generation. Based on results
from numerical model with coarse resolution, they also indicated
that local wind stress curl anomalies over the eastern BOB have the
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potential to excite Rossby waves, which propagate westward and
modulate the oceanic flow field along the 8°N zonal section. Today,
the response of oceanic circulation and the formation of SG eddies
can be more precisely illustrated using high-resolution data from
the In-situ observations of Research Moored Array for African-
Asian-Australian Monsoon Analysis and Prediction (RAMA)
project, as well as nearly 30 years satellite altimetry data. This is
one motivation for this study.

Numerous articles on eddy generation mechanisms have
emphasized the importance of nonlinear terms. Cheng et al.
(2018) investigated the role of nonlinearity in the eddy generation
process using a reduced-gravity model, and indicated that the
advection term dominates the wave-to-eddy transition among all
nonlinear terms. Wang et al. (2021) also indicated that eddy
generation requires nonlinear processes, as shown by modelling
results. An advanced method for diagnosing oceanic internal
instability with anisotropy insight can be applied to the analysis
of nonlinear terms, as it further decomposes BTI into several
distinct terms (Qiao et al., 2023). This method employed in this
study is deemed well-suited for analyzing the generation process of
the SG eddy.

The remainder of this paper is organized as follows: Section 2
introduces the datasets and methods utilized in this study. In
Section 3, we first identify years with strong SG eddy signal, then
analyze the correlation between their intensity and both the
equatorial and local wind fields. Subsequently, we present several
case studies on the formation of the SG eddy. Based on the
evolution in the oceanic flow field, we conduct a detailed analysis
of oceanic internal instability with anisotropy insight. Section 4
provides a summary and discussion of the findings.

2 Data and methods
2.1 Data

Sea Level Anomaly (SLA) data, available from the European
Copernicus Marine Environment Monitoring Service (CMEMY), is
produced based on satellite altimetry data. The daily dataset has a
spatial resolution of 0.25° x 0.25° and the period from January 1993
to December 2020 is used in this study. This study also utilizes
products derived from satellite observations, including the
Mesoscale Eddy Atlas provided by Archiving, Validation and
Interpretation of Satellite Oceanographic data (AVISO+), and the
Ocean Surface Currents Analyses Real-time (OSCAR) generated by
Earth Space Research.

Surface wind velocity at 10 meters height is derived from the
fifth generation ECMWF atmospheric reanalysis (ERA5), a widely
used and recognized model output. The monthly data from January
1993 to December 2020, used in this study, has a spatial resolution
of 0.25° x 0.25°.

Temperature and salinity data for the upper ocean (above 500
meters depth), used in this paper to illustrate the EKE budget are
obtained from the Simple Ocean Data Assimilation ocean/sea ice
reanalysis (SODA) v3.3.1 dataset with 5 days resolution. In-situ
observation data from the RAMA buoy in 90°E, 8°N is also used.
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2.2 Methods

2.2.1 EKE budget and oceanic internal instabilities

EKE is calculated using the formula EKE = 1 (u’ 2 1v"?), where
u and v’ represent the intraseasonal components of zonal and
meridional velocity, respectively, obtained through a 30-90 days
band-pass filter. The budget for key regions and specific period can
be further diagnosed using the following equation (Ivchenko et al.,
1997; Zu et al., 2013):

0(EKE)/ ot = WW + PW + T4+ ADV + F

Here, d (EKE)/ ot represents the temporal variation of EKE, the
contribution of wind stress work (WW) to the EKE per unit mass is
defined as:

1 ) )
WW = — (1, +V'1)
Po

The pressure work (PW) consists of the exchange between Eddy
Potential Energy (EPE) and EKE and the pressure flux term through
the boundary, and is defined as:

/ /
PW = L u’ai+v’ai
Po ox’' oy
Here, p is the pressure, and the advection of EKE (ADV) is
defined as:

ADV - _(u, OEKE ,aEKE)

x oy

F represents the sum of horizontal friction, vertical friction, and
bottom friction. However, these dissipation-related terms have not
been calculated in this study and are regarded as the residual term in
the energy balance equation.T4 represents Barotropic Instability,
which signifies the energy conversion between Mean Kinetic Energy
(MKE) and EKE. The growth of instability is led by the increased
horizontal and vertical shears of the mean current. Besides,
Baroclinic Instability (BCI) represents the energy conversion
between Mean Potential Energy (MPE) and EPE. Following Chen
et al. (2018), the definitions are:

9 (y20) s n 300
p(aa?><<p>9x +<p>ay>

, o o{u ;o 0(u)y 9y , 0y
BTI:—((uu>%+<uv>(§—y>+%)+<vv>ﬁ)

BCI = -

where p, = 1025 kg/m” is the reference potential density, and p,
is a depth-dependent background density. p' = p — p; v/ (x, , 2, t) =
u(x, y,z,y) — u(x, 3,2, 0V (x, 3,2, t) = v(x,y,2,y) - v(x,y,2,1) ,
where () denotes the temporal mean of variable.

2.2.2 Lagrangian EKE

Ding et al. (2020) proposed a comprehensive concept,
Lagrangian EKE (LEKE), as an additional metric. It combines
gridded EKE calculated in the Eulerian framework with tracked
coherent mesoscale eddies in the Lagrangian framework:
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JJEKE Sy o, - dS

Jwa-wy~dS

This calculation enables us to differentiate the EKE between

LEKE =

cyclonic and anticyclonic eddies within the same region.

2.2.3 Anisotropy analysis

Corresponding to anisotropy decomposition, BTI can be
separated into an isotropy production and an anisotropy
production related to the mean-flow strain (Qiao et al., 2023):

BTI = -EKE - div + (-L cos@a'S_n—L Sinea's_s)

The first term on the right-hand-side is isotrophy
production, while the remaining terms represent anisotropy

production. Where div = 9% + g—; is the divergence of the mean
—du_ dv —ou 4 dv
flow, S, = 5% 5 and S = Sy + 5y are the normal (stretch) and

shear rates of the mean flow strain, respectively. L cos @, =

(W)
p

related to anisotrophy (Waterman and Lilly, 2015).

; L sin@, = (u'v'), L represents the portion of EKE

3 Results
3.1 Basic feature of SG eddy

Higher values of EKE are observed in the mouth region of BOB.
On the eastern side, coastal trapped waves travel northward along
the eastern boundary and radiate Rossby waves westward at the
topographically bumped region. The arrival of these waves
enhances the intraseasonal variability in the flow field, leading to
larger EKE values on the eastern side near 6°N (as shown in
Figure 1). However, under certain circumstances, a pronounced
anticyclonic eddy can also form on the eastern side of SLD. Since
the SG eddy may not be long-lived, it is not as prominently featured
in the spatial pattern of EKE climatology as coastal regions.

Previous studies have indicated that 8°N serves as a pathway for
westward propagating Rossby waves excited by local wind stress curl
(Vinayachandran and Yamagata, 1998), which could promote the SG
eddy formation. Therefore, the meridional current velocity (v) along 8°
N, presented as a Longitude-Time diagram (also known as Hovmoller
diagram) in Figure 2, reveals the potential signal of the SG eddy. In
Figure 2C, negative v-velocity between 82°E and 84°E is paired with
positive v-velocity between 84°E and 86°E from May to July, which
signifies a cyclonic SLD in the coastal area and the northeastward SMC
run into the central BOB. During the SM season (June, July, August
and September), weak negative v-velocity is observed from the eastern
edge of the SMC (87°E) to the eastern boundary of the BOB at 98°E.
This pattern suggests a high likelihood of the anticyclonic SG eddy
formation on the eastern flank of the SMC.

To identify a significantly developed SG eddy in the central area
of the mouth region, we calculated the time series of LEKE, as
shown in Figure 3. The time series of cyclonic eddy-related kinetic
energy (CE-LEKE) stands for the SLD strength in the western
coastal area, the anticyclonic eddy related kinetic energy (AE-
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FIGURE 1

Spatial distribution of EKE in the BOB, averaged during the Southwest Monsoon season, calculated from (A) SODA currents, (B) OSCAR, and
(C) CMEMS altimetry data derived currents. (D) The time series of EKE, averaged from 3°-22°N and 80°-100°E (indicated with black boxes in panels
(A-C)). Figures 1A-D are reproduced from Le et al. (2020). STD means standard deviation.

LEKE) represents the strength of the SG eddy in the central area.
The results indicate that the central area AE-LEKE value are notably
larger than the western coastal area CE-LEKE value in several years,
such as 2020, 2010, 1998 and 2006.

3.2 Correlation between local wind stress
curl anomaly and the SG eddy formation

The upper ocean circulation at lower latitudes is significantly
influenced by Rossby waves. We aim to investigate cases where

_ (a) Currents and EKE climatology in July
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900

800

700

600

EKE

FIGURE 2

(c) Longitude-Month plot of meridional velocity along 8°N

Dec.
Nov. '

Jan. l ,,A

82°E

Rossby waves excited by local wind stress curl anomaly during the
SM season (June, July, August and September), lead to the
generation of the SG eddy in the central area of the mouth
region, especially when there is no significant anomaly in the
equatorial wind field during the pre-SM season (March, April
and May).

Figure 4 shows the anomaly of equatorial wind stress during the
pre-SM season and wind stress curl over the eastern BOB during the
SM season, covering years from 1993 to 2020. The data suggest that
stronger AE-LEKE in the central area is associated with similar
wind field anomaly: the equatorial wind field anomaly is not
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Surface currents (arrows) and EKE (color shading) in July (A) and September (B). (C) Longitude (x axis) -Month (y axis) plot of the meridional current

(v) along 8°N.
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FIGURE 3

Time series of LEKE, from 1993 to 2020. Blue bars represent CE-LEKE, indicating the intensity of the SLD in the western area (82°E-85°E, 6°N-10°N,
indicated with orange boxes in Figures 2A, B). Orange bars represent AE-LEKE, indicating the intensity of the SG eddy in the central area (85°E-88°E,

6°N-10°N, indicated with blue boxes in Figures 2A, B).

pronounced in pre-SM season, but the anticyclonic wind stress curl
weakens during the SM season, as observed in 2020, 2010, and 1998.
In other words, there is a strong cyclonic anomaly in the surface
wind field over the eastern BOB. Figure 4B displays the tropical
Indian Ocean Dipole (IOD) index, accessible on the National
Climate Center's website. Notably, 2010 and 1998 were extreme/
strong negative IOD years, while 2020 was a weak negative IOD
year. Combining the information from Figures 3, 4, the
classification of years when the SG eddy is notably greater than
the SLD is summarized in Table 1.

Compared with climatology of sea surface wind over BOB
during the SM season (as shown in Figure 5A), wind anomaly for
negative IOD years (as identified in Figure 4B) are depicted in
Figure 5B, pronounced cyclonic wind anomalies developed over the
southern BOB, which are conducive to the development of negative
SLA in the vicinity of SLD and positive SLA to the east of SLD
(favoring the formation of the SG eddy). Furthermore, we
composed the wind anomaly for the years with strong SG eddy
signal (1998, 2010, 2020) and contrasted them with climatology in
Figure 5C. A student-test at the 90% confidence level was used to

(a) Time series of Remote wind stress & Local wind stress curl «10°8
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FIGURE 4

(A) Bars indicate interannual time series of equatorial (70°E-90°E, 3°S-3°N) wind stress during the pre-Southwest Monsoon season. The orange bars
indicate values within one standard deviation of the climatological mean, while the gray bars represent values that exceed one standard deviation.
Pink line with dots indicate interannual time series of wind stress curl over the eastern BOB (90°E-100°E, 5°N-10°N) during the Southwest Monsoon
season. (B) Seasonal (tropical) IOD index provided by the National Climate Center.
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TABLE 1 Classification of years when SG eddy is notably greater than SLD.

Years featured as Conditions
the intensity 9f (1) Equatorial (2) Local _ Main
semi-geostrophic AE e SiEEs iie] SireEs el forcing mechanism
greater than CE anomaly (positive) anomaly (positive)
/ Yes Yes Both remote and local wind forcing.
1999, 2013 Yes No Remote wind forcing.
1998, 2010, 2020 No Yes Local wind forcing.
1993, 2006, 2014 No No Other forcing mechanisms
confirm that the discrepancy in the wind field between the Figures 6-8 illustrate the formation process of the SG eddy in

composite and the climatology are significant in both zonal and 1998, 2010 and 2020, respectively. The SMC is robust prior to the
meridional components. Result indicates the anomalous wind field ~ formation of the SG eddy, initiating northeastward flow on the
primarily located in the eastern BOB north of 7°N, leading to the  western edge of the SG eddy (as shown in Figures 6A, 7A, 8A).
excitation of westward-propagating Rossby waves and promote the =~ Subsequently, the strengthening of negative SLA in the eastern area
formation of SG eddy. of mouth region promotes the development of southeastward flow
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p AT A
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FIGURE 5

(A) Climatological-mean surface wind and (B) negative IOD years composite of wind anomaly (arrows) and sea level anomaly (color shading)
averaged during SM season. Figures 5A, B are reproduced from Le et al. 2020. (C) Composite of surface wind stress (arrows) and wind stress curl
(color shading) for the years 1998, 2010, 2020. Purple arrows indicate significant anomaly which have passed t-test at the 90% confidence level,
compared to the climatology.
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FIGURE 6
(A—1) The evolution of the sea surface currents (arrows) and sea level anomaly (color shading) from (A) August 8th to (I) September 18th, 1998. The
title above each subplot indicate the date. The arrows marked in green indicate their speed exceeds 40 cm/s.
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FIGURE 7
(A—F) The evolution of the sea surface currents (arrows) and sea level anomaly (color shading) from (A) September 3th to (F) September 28th, 2010.
The title above each subplot indicate the date. The arrows marked in green indicate their speed exceeds 40 cm/s.
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(A—F) The evolution of the sea surface currents (arrows) and sea level anomaly (color shading) from (A) August 24th to (F) September 18th, 2020.
The title above each subplot indicate the date. The arrows marked in green indicate their speed exceeds 40 cm/s.

on the eastern edge of the SG eddy (as shown in Figures 6B-H, 7B-
E, 8B-E). Additionally, the strengthening of recirculation/westward
flow on the southern edge of the SG eddy (as shown in Figures 6G-
I, 7D-F, 8C, D) leads to its eventual formation. For comparison
among the years 1998, 2010 and 2020, the deformation of the SMC

and the formation process of the SG eddy in 2010 are the most
typical and pronounced, make it highly suitable for further
instability analysis with anisotropy insight. In addition, the
RAMA buoy at 90°E, 8°N, collected from 2007 to 2019 provided
valuable observational data for our analysis of 2010. Therefore, the
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FIGURE 9

RAMA buoy observation in 90°E, 8°N. (A) Subsurface temperatures measured at various depths; (B) Depth of the 20°C isotherm.
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year 2010 provides a particularly noteworthy case. The RAMA buoy
observation at 90°E, 8°N in September, 2010 revealed a significant
shift in the 20°C isotherm (as shown in Figure 9B). This shift
indicated cold seawater below 150 meters was raised to levels
shallower than 100 meters (as shown in Figure 9A). This
observation confirms the presence of a negative SLA on the
eastern edge of the SG eddy, which is associated with the
upwelling process.

3.3 EKE budget and instability analysis with
anisotropy insight

Time series of EKE budget terms averaged in upper 200 meters
is shown in Figure 10A, with the 2010 SG eddy formation case
highlighted in yellow. Results indicate that the direct Wind Work
input into the kinetic energy field was minimal. However, the Wind
Work term in EKE budget can sometimes be underestimated, as
wind disturbances can indirectly diminish the stratification of the
upper layer, thereby increasing instability. The contribution of the
advection term is negative, signifying that EKE is transported
outward to surrounding regions, corresponding to the divergence
of the anticyclonic SG eddy. The BTI/T4 term directly converts
kinetic energy from the mean flow field to the eddy field, the
nonlinear Pressure Work term is related to disturbances in flow
field and the horizontal gradient of the pressure field. Both
contribute to the EKE increment.

A detailed analysis of oceanic internal instability with
anisotropy insight is used to capture nonlinear processes. Thus,
BTT is divided into isotropic and anisotropic components (as shown
in Figure 10B), the result reveals that the isotropic component
associated with flow field divergence is significantly smaller than the
anisotropic component, by an order of magnitude. This confirms

(a) upper layer EKE budget (

PW
T4
ADV

b)

10.3389/fmars.2024.1504821

previous research that described the SG eddy as exhibiting weakly
nonlinear planetary geostrophic divergence. The anisotropy
component increases with the formation of the SG eddy and
weakens rapidly thereafter, reducing the eddy's instability. This
implies a self-sustaining ability to propagate westward, consistent
with the argument of weak planetary wave dispersion.

Figure 10C provides further details on anisotropy, including the
time series of the SG eddy’s major axis inclination, the normal rate/
Sn and the shear rate/Ss of the mean flow east of the SLD. Initially,
cyclonic eddy-like (CE-like) negative SLA strengthened in eastern
area and moved westward gradually. The southwestward current,
accompanied by the CE-like SLA, increased the Ss of mean flow
field in the central area of mouth region. Subsequently, the eastward
flow on the northern edge of the SG eddy and the southeastward
flow on the eastern edge are strengthened, explaining the continued
increase in the Sn. Later, a CE-like SLA emerged at lower latitudes
(near 3°N), promoting the westward recirculation on the southern
edge of the SG eddy and further increasing the shear rate.
Influenced by CE-like SLA signals, the SG eddy tilts its major axis
towards the northeast during the initial coupling process, and
returned towards the southeast after September 18th as the
recirculation strengthened.

4 Summary and discussion
4.1 Summary

In this study, we revisited the anticyclonic SG eddy in the
mouth region of the BOB, and analyzed the variation of oceanic
internal instability with an anisotropy insight. We used LEKE to
identify the signal of the anticyclonic SG eddy. Remote equatorial
wind stress and local wind stress curl indices further assisted in

isotropy and anisotropy production during 2010 SG formation
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(A) Vertical-averaged EKE budget from September, 2009 to March, 2010, the SG eddy formation period is highlighted in yellow shading. (B) Time
series of isotropic (dashed red line) and anisotropic (solid red line) components of BTl and EKE during the 2010 SG eddy formation period. (C) 6 (red
line) being the inclination of the major axis counterclockwise from the x axis, S,, and Ss are the normal (stretch) and shear rates of the mean flow
strain. Results presented in figures is regional averaged, defined as SG eddy formation area (84°-90°E, 7°-9°N, indicated with black boxes in Figure 7).
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identifying several typical years for further analysis: 1998, 2010, and
2020. During negative IOD years, a cyclonic anomaly developed in
the surface wind field over the BOB during the SM season. Notably,
both 1998 and 2010 were extreme/strong negative IOD years, while
2020 was a weak negative IOD year. In these years, the SG eddy
formed as expected, with the northeastward-moving SMC on the
west, and southeastward flow on the east, linked to wind stress curl-
forced CE-like negative SLA signals, contributing to the SG
eddy formation.

Our investigation of the oceanic internal instability during the
2010 SM season revealed that the nonlinear anisotropic component
of the BTI was significantly larger than the isotropic component
during SG eddy formation. Both the normal strain rate Sn and the
shear strain rate Ss contributed to an increase in anisotropy. In
addition, the main axis of the SG eddy initially tilted towards the
northeast and then back to the southeast due to the influence of CE-
like SLAs on the eastern side. Related processes mentioned above
are illustrated in Figure 11. Our findings underscore the high
sensitivity of anisotropic terms to currents field changes, which
should be considered when further analysis of high-frequency or
transient activity in the ocean is needed. As noted by Cheng et al.
(2018) and Wang et al. (2022), nonlinear processes are critical for
eddy generation, and anisotropic terms effectively capture certain
aspects of these nonlinear processes.

4.2 Discussion

In this study, we revisited the SG eddy east of the Sri Lanka
dome to improve our understanding of its complex dynamics. The
year 2010 provided a comprehensive case for analyzing the
formation process of the SG eddy, as shown in Figures 7, 10.
Despite moderate wind field anomaly during the pre-SM season

10.3389/fmars.2024.1504821

(Figure 4A), the data suggest that equatorial wind-driven waves
may have contributed to the reduction of positive SLA in the eastern
BOB. The significance of 2010 lies in the strong local wind stress
curl anomaly over the eastern BOB during the SM season, which
was the most pronounced in the 1993-2020 study period.

In addition, the RAMA buoy observations at 90°E, 8°N collected
from 2007 to 2019 provided valuable data for our analysis of 2010.
These observations confirmed the presence of negative SLA signals
in the eastern mouth region, likely related to the upwelling process.
Although our results are based on a limited number of cases and
rely on observational data, they offer critical insights into the
dynamics of SG eddy formation.

Figures 3, 4 are used to identity cases of the SG eddy that are
primarily influenced by local wind forcing, with less influence from
equatorial wind forcing. As summarized in Table 1, there were
several years with strong signal of the SG eddy not significantly
forced by either remote equatorial wind stress or local wind stress
curl over eastern BOB, such as 2006 and 2014. This may be
attributed to other mechanisms beyond the scope of this study,
and we aim to elucidate these underlying mechanisms in
future research.

To further explore these complex dynamics, it is essential to
conduct long-term simulations to assess the broader effects of
remote and local wind forcing on SG eddy formation. In future
research, we plan to perform detailed ocean modelling to better
quantify these effects. Once formed, the SG eddy moves westward to
the east oft Sri Lanka, compressing the area available for the SLD
and subsequently reducing the intensity of the coastal upwelling
and primary productivity in the upper ocean. Furthermore, the
anticyclonic SG eddy recirculates the high-salinity seawater
transported into the BOB by the SMC, potentially modulating the
intensity and spatial pattern of regional circulation within the bay
by changing the meridional heat flux and salinity flux.
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