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Abstract: Mesoscale eddies wield a significant influence on primary productivity in marine
ecosystems by regulating nutrient availability, vertical mixing, and phytoplankton growth
dynamics. This study analyzes mesoscale eddies in the Bay of Bengal (BoB) from January 2010 to
March 2020 using postprocessed and gridded daily sea surface height anomaly data from the
Copernicus Marine Environment Monitoring Service. We identified 1880 anticyclonic and 1972
cyclonic eddies. Cyclonic eddies were mainly found in the western BoB along the east Indian coast,
while anticyclonic eddies were less frequent in this area. Analysis of eddy lifespans revealed that
short-lived (1-week) eddies were nearly equally distributed between anticyclonic (48.81%) and
cyclonic (51.19%) types. However, for longer-lived eddies, cyclonic eddies became more prevalent,
comprising 83.33% of 30-week eddies. A notable, consistent eddy presence was observed east of Sri
Lanka, influencing the East India Coastal Current. Most eddies (91%) propagated
west/southwestward along the western slope of the Andaman Archipelago, likely influenced by
ocean currents and coastal topography, with concentrations in the Andaman Sea and central BoB.
These patterns suggest significant interactions between eddies, coastal upwelling zones, and
boundary currents, impacting nutrient transport and marine ecosystem productivity. This study
contributes valuable insights into the dynamics of ocean circulation and the impacts of eddies,
which can inform fisheries management strategies, advances climate resilience measures, expands
scientific knowledge, and guides policies related to conservation and sustainable resource
utilization.
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1. Introduction

Mesoscale eddies, highly dynamic oceanic features typically spanning tens to hundreds of
kilometers in diameter, exhibit distinctive rotational motions and creating circular water flow
patterns [1]. These eddies constitute a fundamental dynamic component of the ocean circulation
system and play a significant role in the transport of heat, nutrients, and various oceanic properties.
They also help in retaining larvae of fish and invertebrates and, in some cases, aggregating pollutants.
Their occurrences are widespread across different oceanic regions and often coincide with spatial
gradients in temperature, salinity, and biological activity [2]; indicating their pivotal role in shaping
local oceanic conditions. Eddy formation is driven by a combination of forces, including wind stress
curl, meander separation, baroclinic instability; and that establishes a dynamic equilibrium between
pressure gradient force, centrifugal force, and Coriolis force [3]. Eddy formation by means of
shedding closed loop meanders from major currents leads to emergence of warm-core and cold-core
eddies, representing two primary categories [4]. Warm-core eddies possess elevated temperatures
and sea levels at their centers, while cold-core eddies exhibit lower temperatures and reduced sea
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levels in their cores [5,6]. These distinct characteristics not only influence the thermal and dynamic
properties of surrounding oceanic environment, but also impact the distribution and behavior of
marine life, making them essential for understanding oceanic ecosystems and climate dynamics [7]
on an ocean-wide scale.

In the context of the Bay of Bengal (BoB), mesoscale eddies are vital components of its circulation
and mixing dynamics. The BoB undergoes a semiannual reversal of monsoon wind system, in sync
with the climate pattern of southern and southeastern Asia. From June to September, southwesterly
winds (referred to as the summer/southwest monsoon) prevail, while from November to February,
northeasterly winds prevail (known as the winter/northeast monsoon). These wind patterns also
result in a seasonal reversal of ocean circulation pattern in the BoB. The Bay also experiences high
precipitation; > 2000 mm/year[8]. Additionally, runoff from peninsular rivers contributes
approximately 1.625x10'2 cubic meters per year. The associated suspended sediment discharge from
river runoff into the Bay is estimated to reach approximately 1.382x10° metric tons per year [9]. Cheng
et al. [10] studied the formation and propagation of mesoscale eddies in the BoB that would originate
near the eastern boundary and spread southwestward with a lifespan of 30 to 120 days. Eddies also
arise in the western portion of the BoB due to baroclinic instability of the East Indian Coastal Current
(EICC); whereas eddies in the central BoB are remotely pushed by equatorial Kelvin waves, coastline
geometry, and nonlinear Rossby wave propagation [9,11]. Kumar et al. [11,12] reported nine cold-
core eddies that resulted from the instability of EICC in the central and western BoB, based on
hydrographic and satellite data. Cheng et al. [9] also found that eddies in the BoB are predominantly
driven by equatorial zonal winds, with the majority of eddies having lifespans in the range of 30-120
days and originating near the eastern border and aligning with the thermocline’s vertical motion.
Several studies have employed satellite altimetry data to identify and track mesoscale eddies in the
BoB, particularly during the inter-monsoon period [13-15]. In the summer season, anticyclonic gyres
are present in the western BoB due to the occurrence of higher temperature and salinity lingering
from the spring season, along with decreasing salinity during autumn [11,13-15]. Notably, the
western boundary is more conducive to eddy formation, which can be attributed to enduring
baroclinic instability of the EICC; whereas the southern Bay experiences fewer eddies, potentially due
to a weaker Coriolis force at approximately 6°N [16-18]. Moreover, some studies have revealed that
variations in eddy genesis and propagation correlate with monsoonal changes in the western BoB,
which features shallow bathymetry and significant freshwater influx from the Godavari and Krishna
Rivers into the western BOB during the post monsoon period [13,19]. Advection of freshwater plumes
farther south by the EICC from the northern BoB forms a barrier layer, further influencing eddy
dynamics along eastern BoB [16,20,21].

Baroclinic instability induced by Rossby waves also supports eddy formation in the western
BoB. Roman-Stork [22] and Kumar [23] both highlighted the role of baroclinic instability in the
formation of eddies in the western BoB. Roman-Stork [22]) specifically links this instability to the
influence of coastal Kelvin waves and westward propagating Rossby waves, while Kumar [23]
emphasizes the impact of opposing currents and wind stress curl. They affect ocean instabilities,
enhancing them in winter and diffusing them in summer and modulating coastal circulations,
weakening the EICC in winter and strengthening it in summer. Mukherjee et al. [24] demonstrated
and examined how the Andaman and Nicobar Islands influence mesoscale eddy formation in the
western BoB. Their findings indicate a significant reduction in the number of westward propagating
eddies due to the presence of the Archipelago.

In a recent study by Gulakaram et al. [25], during the period of 1993-2016, a total of 571
anticyclonic tracks and 560 cyclonic tracks were identified in the BoB, encompassing 3,936 individual
anticyclonic eddies and 3,840 individual cyclonic eddies. Research has demonstrated that cold-core
eddies can displace the nutricline upward along isopycnal surfaces, infusing nutrients into the
surface layer. This vertical transport process has the potential to enhance productivity and promote
the downward export of organic carbon [26-28]. Kumar et al. [11] suggested eddy pumping as a
potential method of vertical nutrient transport from the halocline to the euphotic zone during the
summer monsoon, when the upper ocean is strongly stratified. Sarma et al. [29] reported high
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nutrient concentrations associated with cyclonic eddies in the BoB and vice versa for anticyclonic
eddies.

Considering these complex circulation dynamics, the primary objective of this study is to
comprehensively characterize and analyze mesoscale eddies across the entirety of the BoB using
multiple time series datasets. Despite significant prior research contributing to our understanding of
mesoscale eddies and their behavior within the BoB, knowledge gaps remain regarding their
influence on various regions, including the eastern coastal waters of India, the coastal waters of
Bangladesh affected by freshwater input from three major rivers, the Andaman Sea, and deeper
waters, as well as their impact on the vertical distribution of biogeochemical properties, particularly
in the northern and southern reaches of the BoB. This study further explored the underlying
mechanisms governing eddy formation and its spatiotemporal variability to gain a deeper
understanding of their implications for marine ecology. Within the context of the BoB, this research
holds particular significance because it illuminates the dynamics of a critical marine ecosystem,
informs fisheries management strategies, advances climate resilience measures, contributes to the
expansion of scientific knowledge, and informs policies related to conservation and sustainable
resource utilization.

2. Materials and Methods
2.1. Study Area

The study area covers the BoB and most of the Andaman Sea (see Figure 1). The BoB is the
northern extension of the Indian Ocean and is surrounded by land except in the southern region,
where it is open to the influence of the Indian Ocean. The geographic location of the study domain is
between 0°N and 23°N and between 80°E and 100°E, and the area covers approximately 4.087x106
km?, with a maximum depth of approximately 4500 m [30]. It is surrounded by India and Sri Lanka
in the west, Bangladesh in the north, Myanmar, and the northern Malay Peninsula in the east. The
regional climate is heavily influenced by monsoons, with the southwest monsoon prevailing from
June to September and the northeast monsoon prevailing from November to April. Additionally, the
BoB is known for its tropical cyclones, with approximately 5 to 6 cyclones originating annually, some
of which can be severe and cause landfall in India, Bangladesh, and Myanmar. Several major rivers
drain into the BoB, viz., Ganges, Brahmaputra, Mahanadi, Godavari, Krishna, Irrawaddy, Meghna,
Karnaphuli, etc.
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Figure 1. Study area: Bay of Bengal. Major rivers draining into the study area are shown in blue.

2.2. Data Sources

Mesoscale eddies in the BoB were identified from the analysis of postprocessed and gridded
daily sea surface height anomaly data from January 2010 to March 2020. This dataset was obtained
from the Copernicus Marine Environment Monitoring Service (CMEMS) and is available at
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-sea-level-global?tab=overview), with a
spatial resolution of 0.25° x 0.25°. To visualize seasonal surface currents, the method involved
iterating through three distinct seasons: premonsoon (March- May), southwest monsoon (June to
September), and winter (October to December). For each season, the u and v components of velocity
were extracted from the dataset, and the velocity magnitude was computed. A longitude-latitude
grid was created, and streamlines representing flow direction were plotted using the streamplot
function. Additionally, the velocity magnitude was depicted as a color mesh using the pcolormesh
function of Matplotlib [31].

2.3. Eddy Identification

Eddy tracking, identification, and associated property identification were conducted using the
Python package (https://github.com/AntSimi/py-eddy-tracker). This package uses daily 0.25° x 0.25°
resolution gridded sea level anomaly (SLA) data [32] as input. Recent advancements in
oceanographic research have led to the widespread utilization of three primary algorithms for
mesoscale eddy tracking. These methodologies encompass the geometric approach [33-35], which
relies on the characterization of closed contours in SLA data based on their shape and size; the Okubo-
Weiss (OW) method [36], which leverages vorticity and strain derived from the flow field as
computed from SLA; and the wavelet method [37], which is rooted in spectral analysis through
wavelet transformation of SLA data. For our research, the emphasis was placed on the OW and
geometric methods, with the procedures following the framework established by [34,36,38]. This
method has already been reported in several studies focusing on the detection of mesoscale eddies in
the Tasman Sea [39], Mediterranean Sea [40], and global ocean [36]. Therefore, an automated eddy
detection algorithm based on the OW parameter that has been tested for diverse oceanic and regional
seas was implemented in this study. The OW parameter is defined as

OW = S2 + 52 — w? @

where S,,,Ss and, w are the normal strain, shear strain (normal component and shear component of
the strain tensor), and vorticity (vertical component of the relative vorticity), respectively.

ou 0dv ov  Ju ov Ju
5n=(a‘@)'sf(a*@)"“:(a‘@) @
where u and v are the zonal and meridional geostrophic velocity components, which are calculated
from the sea surface height anomaly (SSHA) as follows:
_goh  goh
“ "oy " Fox
where g is the gravitational force, f is the Coriolis factor and x and y are horizontal coordinates.
Generally, a threshold of W=0 is set such that OW < 0 represents vorticity and eddy-dominated
regions. The negative values of OW are in good agreement with the eddy cores detected. The choice
of the threshold for the OW parameter defines the precision and ability to identify an eddy. Therefore,
we utilized OW <-0.2 ow as a threshold value to determine the region of eddy core where ow is the
standard deviation of the OW [41].

3. Results and Discussion

Our extensive analysis spanning from January 2010 to March 2020 revealed interesting patterns
in the frequency and spatial distribution of mesoscale eddies in the BoB. Remarkably, both cyclonic
and anticyclonic eddies were found to be prominent features, each comprising approximately half of
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the observed eddy count (Figure 2). Specifically, our study identified approximately 1880 anticyclonic
eddies and 1972 cyclonic eddies within the BoB during the analysis period (Figure 3). This finding
surpasses previous research [42], as we have accounted for the lifespan of eddies lasting up to a week.
Further analysis revealed distinct spatial distributions of cyclonic and anticyclonic eddies within the
BoB. Cyclonic eddies were primarily prevalent in the western part of the bay (Figures 2 and 3) along
the east Indian coast, whereas anticyclonic eddies were observed but in lesser proportions. The eddy
frequencies visible to the east of Sri Lanka, along the western boundary of the BoB in Figure 2, are
clearly identifiable. Due to its strategic positioning and potential to redirect the pathway of the EICC,
the consistent presence of this eddy is a significant finding of this research. This distribution pattern
suggests potential differences in the underlying ocean dynamics and atmospheric interactions that
drive the formation and propagation of these mesoscale eddies. These findings are also consistent
with those of Cui et al.[43] and Trott and Subrahmanyam [44]. The prevalence and distribution of
eddies within the BoB are influenced by various factors, including oceanic local currents, atmospheric
circulation patterns, seasonally varying air-sea interaction dynamics and local bathymetry [13].
Cyclonic eddies often result from the convergence of oceanic currents or interactions with
topographic features. These eddies can also modulate the intensity of tropical cyclones, with their
presence resulting in significant sea surface temperature cooling and changes in latent heat flux
supply [45]. The formation of subsurface cyclonic eddies in the BoB, such as the one observed in the
northwestern region in 1984, can be attributed to baroclinic instability at the interface of opposing
boundary currents [46]. Anticyclonic eddies, on the other hand, may arise from the divergence of
currents or the influence of atmospheric systems, such as cyclonic storms or monsoon winds [21,47].
These warm-core eddies significantly impact the ocean heat content in the BoB. Studies have shown
that these eddies can alter the vertical distribution of heat, thereby influencing the overall thermal
structure of the ocean [48]. This process is crucial for understanding the thermal dynamics and energy
budget of the BoB. The westward propagation pattern observed in our study suggests potential
interactions between eddies and adjacent oceanic features, such as coastal upwelling zones or
boundary currents. These interactions can significantly impact nutrient transport, heat flux, and
planktonic community structure within the BoB, ultimately influencing marine ecosystem and
fisheries productivity [49].
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Figure 2. Distribution of mesoscale eddies in the Bay of Bengal; A) anticyclonic eddies, B) cyclonic
eddies, C) compilation of all eddies, and D) ratio of cyclonic to anticyclonic eddies.

3.1.1. Mesoscale Eddy Life Span, Frequency, and Track Analysis

Analysis of eddy lifespans revealed notable trends in the distribution of anticyclonic and
cyclonic eddies across different time scales. For eddies lasting 1 week, percentage of anticyclonic
eddies is approximately 48.81%, while cyclonic eddies constitute approximately 51.19% of the total.
Similarly, for eddies with a lifespan of 4 weeks, the proportions of anticyclonic and cyclonic eddies
remain close, with percentages of approximately 49.00% and 51.00%, respectively. This suggests that
cyclonic eddies tend to have extended lifetimes and greater energy levels [50]. However, as the
lifespan of eddies increases, their distribution shifts. For instance, for 12-week-long eddies, the
percentage of anticyclonic eddies decreases to approximately 41.51%, while that of cyclonic eddies
increases to approximately 58.49%. This trend continues with 16-week-long eddies, where
anticyclonic eddies constitute approximately 44.23%, and cyclonic eddies increase to approximately
55.77%. Interestingly, for 24-week-long eddies, the ratio shifts significantly, with that of anticyclonic
eddies comprising 56.25% and that of cyclonic eddies decreasing to 43.75%. The most pronounced
shift is observed for 30-week-long eddies, where the percentage of anticyclonic eddies decreases to
16.67%, while that of cyclonic eddies increases dramatically to 83.33% of the total. This finding
underscores the dynamic and transient nature of mesoscale eddy formations within the study area.
Furthermore, our investigation revealed distinct patterns in the spatial distribution and propagation
direction of these eddies. Specifically, we observed that the majority (91%) of all eddies propagated
west/southwestward (Figure 3) along the western slope of the Andaman Archipelago, potentially
influenced by the interaction between prevailing ocean currents and coastal topography, with
concentrations primarily observed in the Andaman Sea and the western and central zones of the BoB
(86-93E, 13-16 N). This spatial distribution highlights the importance of regional circulation dynamics
and atmospheric forcing in the evolution and transport of eddies in the BoB (Figure 3). This finding
aligns with the results reported by Chen et al. [17].

~—— Anticyclonic (1 week) (1880 tracks) —— Anticyclonic (5+ weeks) (366 tracks)

—— Anticyclonic (2 weeks) (1334 tracks)

80°E 85°E 90°E 95°F

—— Cyclonic (2 weeks) (1411 tracks)
>

7y

Figure 3. Tracks of mesoscale eddies with varying lifespans. Subplots A-F correspond to eddies
lasting from 1 week to 2 weeks and 5 or more weeks, encompassing both cyclonic and anticyclonic

types.
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The frequencies of mesoscale anticyclonic and cyclonic eddies in the BoB exhibit clear spatial
patterns. Newly formed cyclonic eddies tend to have a scattered distribution across the BoB, while
anticyclonic eddies are more commonly found along the shelf and are concentrated in the western
boundary and the south-eastern region (around the Andaman Sea) (Figure 4).In the western BoB,
baroclinic instability of the EICC and turbulent energy within meanders contribute significantly to
eddy formation; accounting for 30-50% of sea level variability [51]. The eastern bay experiences the
highest number of eddies, with coastal Kelvin and Rossby waves being key mechanisms for
generating small-scale eddies [10]. Cheng [48] further supports this, identifying high eddy activity in
the western BoB and attributing it to barotropic/baroclinic instability. Gonaduwage [52] adds to this
by identifying baroclinic instability as a key factor in the increased eddy kinetic energy and transport
in the western BoB. This highlights the dynamic and complex nature of eddy formation in the BoB,
driven by different physical processes in the western and eastern regions [17,48]. The studies by Chen
et al. [17], Chang et al. and Jinglong et al. [48,53] highlighted the significance of baroclinic instability
and wind stress in affecting the variability of eddies in the BOB.
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1.0

21°N
18°N 0.8
15°N
0.6
12°N

Latitude

9°N r0.4

0.2

80°E 85°E 90°E 95°E 80°E 85°E 90°E 95°E 0.0

Longitude Longitude
Figure 4. Birth frequencies of cyclonic (A) and anticyclonic eddies (B).

Analysis of histogram on the lifespan of mesoscale eddies revealed a relative dominance of
short-lived eddies (both cyclonic eddies, represented by blue bars, and anticyclonic eddies,
represented by red bars, as shown in Figure 5) across all years of observation (top left plot). This
dominance is evident from the decreasing frequency of eddies with increasing lifespan. Despite both
types exhibiting an increasing trend in cumulative occurrence (top right plot), the blue line in the
bottom left plot, representing the ratio of cyclonic to anticyclonic eddies within each lifetime bin,
consistently surpassed the green line, indicating equal distribution. This preference for short-lived
cyclonic eddies further manifested in the bottom right plot, where the blue line depicting the
cumulative ratio steadily increasing over time, suggesting a potential shift in BoB eddy dynamics
favoring shorter-lived cyclonic events [22].
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Figure 5. Eddy characteristics observed from the BoB, including A) Lifetime histogram, B) Number
of eddies by year, C) cumulative number of eddies by year, D) ratio of cyclonic to anticyclonic eddies,
and D) cumulative ratio of cyclonic to anticyclonic eddies. “Number of eddies by year” shows the
yearly count, while the “Cumulative number of eddies by year” shows the total count from the
starting year up to each subsequent year.

3.1.2. Mesoscale Eddy Propagation Analysis

Eddy propagation distances vary directly with their lifespan, with longer-duration eddies
exhibiting greater spatial coverage. For eddies lasting 1 week, the mean propagation distance is
approximately 72.26 km, with a maximum of 337.03 km and a minimum of 6.75 km. As the duration
of the eddy increases to 4 weeks, the mean propagation distance increases to approximately 242.31
km, with a maximum of 741.72 km and a minimum of 45.29 km. Similarly, for 8-week-long eddies,
the mean propagation distance further increases to approximately 392.66 km, with a maximum of
1164.53 km and a minimum of 107.82 km. In contrast, for 12-week-long eddies, although the mean
propagation distance remains relatively high at approximately 536.33 km, there is a notable increase
in variability, with a maximum of 936.44 km and a minimum of 262.54 km. Interestingly, for 16-week-
long eddies, the mean propagation distance remains consistent at 661.83 km, indicating a stable
pattern of propagation over this duration. However, for longer durations, such as 20 weeks and 24
weeks, there was a substantial increase in the mean propagation distance to approximately 884.87 km
and 1187.43 km, respectively (Figure 6).
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Figure 6. Results from eddy propagation analysis; A) Number of eddies by year, B) cumulative
number of eddies by year, C) ratio of cyclonic to anticyclonic eddies, and D) cumulative ratio of
cyclonic to anticyclonic eddies.

In the case of cyclonic eddies, the mean speed radius is 76.14 km, with a maximum of 308.6 km
and a minimum of 20.4 km. Similarly, the mean of the speed average is 0.25 cm/s, with a maximum
value of 1.07 cm/s and a minimum of 0.04 cm/s (Figure 7). In the context of anticyclonic activity, the
statistical analysis revealed that the mean speed radius was 80.62 km, with a maximum value of 351.3
km and a minimum value of 22.15 km. Similarly, the mean speed average is determined to be 0.24
cm/s, ranging from 0.04 to 1.11 cm/s.
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10

Figure 7. Mesoscale eddy characteristics, Parameter Histogram; First column focuses on the
amplitude of eddies in centimeters. Top plot (A1): Presents the cumulative percent distribution of the
amplitude values. Middle plot (A2): Displays the histogram showing the percentage of observations
for different amplitude values, Anticyclonic eddies are represented in red, and cyclonic eddies are
represented in blue. Bottom plot (A3): Shows the ratio of the percentage of cyclonic to anticyclonic
observations across different amplitude values. This ratio plot highlights the relative frequency of
cyclonic versus anticyclonic eddies at each amplitude level. Second column (B): Indicates the speed
radius in kilometers. The speed radius, also known as the eddies’ radius Rmax (it is the radius of the
best-fit circle that matches the contour of the maximum circum-average geostrophic speed of the
eddy). Top plot (B1): Displays the percentage of observations for different speed radius values.
Middle plot (B2): Shows the cumulative percent distribution of the speed radius. Bottom plot (B3):
Presents the ratio of cyclonic to anticyclonic observations for different speed radius values. Third
column (C): Shows the average speed in centimeters per second. Top plot (Cl): Displays the
percentage of observations for different average speed values. Middle plot (C2): Shows the
cumulative percent distribution of the average speed. Bottom plot (C3): Presents the ratio of cyclonic
to anticyclonic observations for different average speed values.

Ocean-scale circulation (Figure 8) in the BoB is unique and more complex than other regional
bays and seas in the world because it is dominated by the seasonally reversing monsoon wind system;
southwesterly winds during summer months (June-September) and northeasterly winds during fall
(October-December). The EICC flows northward during the Inter-monsoon season, beginning in
February, and becomes extremely strong in March and April because of anticyclonic eddies forming
and spreading westward (see Figure 8A). As the southwest monsoon arrives, the EICC continues to
flow north along the southern portion of the Indian Peninsula, but the current becomes erratic as it
approaches the head Bay region (Figure 8B). This can be explained by the anticyclonic and cyclonic
eddies developing in succession throughout the summer monsoon season. Fall arrives (October to
December), and EICC begins to flow southward with current speed reaching 1 m s in the upper 70-
80m. Low-salinity water from the head bay area is transported south by the EICC, and high-salinity
water is brought into the bay by the subsurface northward flow during this season. In contrast,
eastern coast experiences moderate currents, typically ranging between 0.2 and 0.6 m/s. BoB’s flow
dynamics is also controlled by the equatorial wind and current system, which is modulated by the
Indian Ocean Dipole (IOD) and is linked to El Nifio-Southern Oscillation (ENSO), which originates
in the equatorial-Tropical Pacific [25,54]. During the spring and summer, the BoB receives a large
influx of water and sediments from seven main rivers that originate in the Himalayas and Indian
Subcontinent. Several studies have documented the formation, distribution, propagation, and
lifecycle of mesoscale eddies in the BoB to comprehend their circulation pattern and impacts. While
cyclonic eddies predominate during the northeast monsoon, several significant anticyclonic eddies
regulate the circulation of the bay throughout the spring (March—April) inter-monsoon period
[12,17,19,49]. The EICC, which shows a northward flow along the southern portion of the east coast
of India and a southbound flow along the northern part, primarily influences the surface circulation
in the BoB. The formation of the EICC has been largely attributed to seasonal coastal Kelvin waves,
as demonstrated by a study by Cheng et al. [8]. Furthermore, the EICC plays a crucial role in regional
hydrodynamics. East of Sri Lanka, the EICC bifurcates, with one part continuing along the Sri Lankan
coast and the major part flowing eastward into the BoB (Figure 8). This bifurcation results in the
offshore transport of chlorophyll-rich, low-salinity water from the Sri Lankan coast This bifurcation
of the EICC occurs annually, driven by an anticyclonic eddy impinging on the Sri Lankan coast.
However, it is notably absent during IOD years [55]. The main sources of eddies include interannual
wind patterns and nonlinear interactions with the morphological features and bathymetry of the
continental shelf. Particularly near the western boundary (Figures 2 and 8), these eddies propagate
southwestward for durations ranging from 30 to 120 days [50,51]. Strong seasonal variability
characterizes the upper layer circulation in the BoB, with anticyclonic flow predominating during the
early southwest monsoon in April and May and cyclonic flow dominating during the early northeast
monsoon in November. This variability is closely tied to the Indian monsoon, which is fueled by dry
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northeasterly winds cooling during the winter and southwesterly winds, warmth, precipitation, and
enhanced freshwater discharge from rivers during the summer and is intimately linked to this
fluctuation [27].
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Figure 8. Monsoon dominated seasonal surface geostrophic current (ms) distribution in the BoB; A)
pre-monsoon season (March to May), B) southwest monsoon season (June to September), and C)
northeast monsoon season (October to December).

4. Conclusions

Mesoscale eddies in the BoB were studied in terms of their lifespan and frequency using satellite
altimetry data spanning from 2010 to 2020. Employing a hybrid algorithm that incorporates both
physical and geometrical properties, we have detected and tracked eddies in the study area. Our
study thoroughly examines the statistical characteristics, variability, and properties of both
anticyclonic eddies and cyclonic eddies over a 10-year period. The results revealed a distinct
relationship between the level of eddy activity and a myriad of regional forcings that caused them,
including the role of Rossby waves and Kelvin waves propagating across BOB. Cyclonic eddies,
prevalent in western and head Bay region of BOB enhance primary productivity by promoting
nutrient upwelling and mixing. Conversely, anticyclonic eddies, which are more common in mid to
eastern regions, tend to suppress nutrient availability, which may result in lower productivity. Our
findings underscore the significant role played by mesoscale eddies in redistributing nutrients and
mixing of water masses within the BoB, with a particular emphasis on the impact of cyclonic eddies
on ocean productivity. Understanding the dynamics of these eddies is crucial for effective
management and conservation efforts aimed at sustaining marine resources and livelihoods in this
region. Further research and monitoring efforts are warranted to deepen our understanding of
complex interactions between eddies and productivity, thereby informing more targeted and
sustainable management strategies for the BoB ecosystem.
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