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ABSTRACT. The northern Bay of Bengal plays a crucial role in regional climate, human activities, and ecological diversity, but it is
unstudied by oceanographers. In 2022, the Bangladesh Oceanographic Research Institute began to address this important problem by
initiating a project to collect in situ data off the coast of Cox’s Bazar, Bangladesh. We report the initial results from winter 2022-23 here.
High-resolution spatial measurements of ocean temperature, salinity, and horizontal velocities were made using modern sensors adapted
to local boats. During this period, the coastal seas display sharp salinity-dominated density fronts, prominent temperature inversions,
and partially compensated water masses. We hypothesize that these characteristics result from the stirring and mixing of cold and fresh
water from local rivers, and warm and salty water from the central Bay of Bengal, creating distinct water masses on the Bangladeshi
shelf. Future work aims to continue to modernize the capabilities of Bangladeshi oceanography through international collaborations,
emphasizing state-of-the-art instrumentation, experimental design, and data analysis. These activities combine in a novel “cost-conscious
oceanography” approach, pointing toward an innovative solution for the Global South to address data gaps in uncharted coastal seas.

INTRODUCTION
BAY OF BENGAL

Furthermore, the BoB is vital for controlling maritime access
to the Far East, affecting major shipping routes that facilitate 25%

The South Asian Monsoon impacts the livelihoods of one-fourth
of the world’s population, particularly those living around the
Bay of Bengal (BoB). The seasonal rainfall and river inflows
contribute significant freshwater flux of 1.6 m yr™ (Bhat et al.,
2001; Vinayachandran et al., 2002; Sengupta et al., 2006), result-
ing in the development of a thin, salinity-stratified surface layer
in the northern and central BoB (Figure 1a). This layer has two
important effects: (1) it increases the number of monsoonal con-
vective systems that deliver rain to central India (Waliser et al.,
2003; Goswami, 2012; Samanta et al., 2018), and (2) it contrib-
utes to the intensification of destructive tropical cyclones in the
BoB (Sengupta et al., 2008; Balaguru et al., 2012, 2014; Neetu et al.,
2012; Chaudhuri et al., 2019).

of global trade. Given its growing strategic importance, key stake-
holders such as the United States, China, India, and Japan are mak-
ing substantial investments to ensure the maritime security and
stability that is essential for maintaining a continuous flow of
energy resources and trade opportunities (Chaudhury and Pant,
2024; Ranjan and Attanayake, 2024).

OCEAN OBSERVING NETWORK

A network of BOB moored buoys (Figure 1d) includes, at any given
time, approximately six Ocean Moored buoy Network for Northern
Indian Ocean (OMNI) buoys (including one in the Andaman Sea)
that are maintained by the National Institute of Ocean Technology
(NIOT) of India (Venkatesan et al., 2013), along with four RAMA
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FIGURE 1. (a) Annual mean sea surface salinity from the World Ocean Atlas 2018 (WOA18; Garcia et al., 2019). The white square locates the Bay of Bengal.
(b) Daytime 4 km resolution NOAA/Advanced Very High Resolution Radiometer (AVHRR) sea surface temperature (SST, °C) is plotted for December 19, 2022;
blank white areas are clouds. (c) Daytime pass of Soil Moisture Active Passive Satellite (SMAP) swath over the Bay of Bengal on December 20, 2022. (d) Map
showing the locations of Argo floats during 2008-2021 (gray) in the Bay of Bengal. The green line shows the 50 m depth contour, and the blue lines indi-
cate 3000 m, 2000 m, 1000 m, and 500 m depths. Four black stars and a square indicate the positions of the buoys maintained by the National Institute of
Ocean Technology (NIOT) and NOAA’s Pacific Marine Environmental Laboratory in the Bay of Bengal. The red square in the head bay represents the sam-
pling area within the unexplored continental shelf near the city of Cox’s Bazar. (e) In this zoom into the coastal sampling area, red dots indicate the locations
of 60 CTD stations taken during 2021-2022 by the Bangladesh Oceanographic Research Institute (BORI) that are discussed here. Green and blue dashed
lines plot depth contours of 30 m and 10 m, respectively.
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(Research Moored Array for African-Asian-Australian Monsoon
Analysis and Prediction) moorings operated by the US National
Oceanic and Atmospheric Administration (NOAA) in collab-
oration with India (McPhaden et al., 2009). These buoys collect
high-resolution data on upper ocean conditions, including tem-
perature, salinity (conductivity), currents at various depths, and
surface meteorological data such as wind, humidity, pressure, tem-
perature, rainfall, and radiation. Some buoys also collect wave

interference in multiple microwave channels following the out-
break of civil war in Myanmar.

Coastal seas also lack depth-resolved in situ temperature and
salinity measurements, as robotic floats, such as those in the
international Argo program, require a parking depth of 1,000 m
(Roemmich etal., 2009) and cannot operate in such shallow depths
as those around Cox’s Bazar. (However, a few Argo floats that have
entered the northern BoB continental shelf [Figure 1d] have pro-

The first area of success encompasses the development of an indigenous

method for measuring coastal oceans with modern sensors and the collection

of unprecedented data in uncharted waters by Bangladeshi scientists

parameters. In addition, India organizes several scientific oceano-
graphic cruises yearly to enhance understanding of the interactions
between oceanic and atmospheric processes that affect climate,
extreme weather events, ecosystems, and human populations.

The US Office of Naval Research (ONR), in collaboration with
India, Sri Lanka, Thailand, and the Maldives, has conducted
three significant observational programs in the BoB over the past
10 years (Wijesekera et al., 2016; Shroyer et al., 2021). These pro-
grams primarily took place in international waters below 20°N,
notably excluding two key countries, Bangladesh and Myanmar.
As a result, the northeastern portion of the BoB remains one of the
unexplored frontiers of our planet, holding immense potential for
future research and discovery. It is an “aqua incognito”

MOTIVATION

Bangladesh is a riverine country located on the northern coast
of the BoB. It encompasses the confluence of the Ganges,
Brahmaputra, and Meghna Rivers, which discharge substan-
tial amounts of fresh water (about 0.04 Sv) into the vast and rel-
atively flat waters of the northeastern Bengal shelf. Modern phys-
ical oceanography increasingly relies on satellite remote sensing
for continuous ocean sampling. However, clouds can hinder the
retrieval of infrared sea surface temperature (SST) data in coastal
areas (Figure 1b). Although microwave remote sensing is not
affected by cloud cover, satellite-derived, microwave-based SST
measurements are often compromised by land contamination due
to antenna side lobes within approximately 50 km of the coast
(Wentz et al., 2000; Donlon et al., 2007; Pearson et al., 2018).
Furthermore, sea surface salinity measurements obtained through
satellite remote sensing may exhibit significant systematic errors
near coastal regions (Figure 1c) and in areas affected by radio fre-
quency interference (Boutin et al., 2021). Recently, salinity data
from NASA’s Soil Moisture Active Passive Satellite (SMAP) were
contaminated throughout the BoB, likely due to radio frequency
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vided valuable information about water mass characteristics).

These factors result in the poor understanding of the north con-
tinental shelf of the BoB that motivates the effort described here to
collect more data in this region.

In 2020, the Bangladesh Oceanographic Research Institute
(BORI) launched a coastal observation program to tackle the
challenges associated with coastal oceanography research. The
Bangladesh Government supports this program to establish sus-
tained monitoring of several oceanic variables. Under the frame-
work of the blue economy, BORI’s continuous efforts across all
branches of oceanography hold promise for discovering potential
resources for fisheries and renewable energy from ocean sources.

STUDYING THE AQUA INCOGNITO

Our study focuses on the northern coastal area of the BoB near
the city of Cox’s Bazar, located approximately 120 km south
of the Karnaphuli River and 200 km southeast of the Ganga-
Brahmaputra-Megna River mouth (Figure 1e). We chose this site
because of its proximity to the institute, which facilitates logis-
tics movements and local support. Because BORI has no seagoing
ocean vessel, we rely on local fishing boats. So far, our observa-
tions have only been possible during winter as the sea becomes too
rough during the southwest summer monsoon.

BOAT

Our sampling was conducted using a wooden fishing boat (locally
called a sampan) of a type that is ubiquitous in the Cox’s Bazaar
coastal area (Figure 2a); ten to 15 fishermen usually fish for seven
to 10 days using sampans. The choice of this boat was based on its
suitability for the local conditions and its stability in the water. It
is 12.8 m in length, with a maximum width of 3.66 m and a draft
of 2.1 m. Powered by a 32 HP engine, the boat cruises at 9 km per
hour and has a carrying capacity of 12 tons. Sampling trips usu-
ally commence at 7 a.m. local time and return at sunset at 5 p.m.,



covering roughly 100 km and 10 sampling stations. The daily cost
of using the boat is about $400.

At each sampling station, the boat driver (locally called majhee)
skillfully stabilized the boat using the Global Positioning System
(GPS) position, ensuring a smooth sampling process. We utilized
Android-based GPS software, specifically GeoTracker and Google
Maps, which offer an accuracy range of 3 m to 10 m. We use pre-
marked nylon rope with a depth indicator and an echo sounder
for depth information. After each conductivity-temperature-depth
(CTD) and acoustic Doppler current profiler (ADCP) operation,
we extract data from the sensor and conduct a data quality check
on the boat, ensuring the accuracy and credibility of our results.
The average rolling and pitching at each station measured by the
inbuilt motion sensor in the Aquadopp ADCP are 10° and 12°,
respectively, suggesting calm sea conditions and a stable boat.

INSTRUMENTS AND METHODS

After extensive discussions, we carefully selected the instruments
to be used in this study. Our main focus was to ensure that the
chosen instruments were all usable from an ordinary fishing

boat without a deployment platform and that had proven reli-
ability. All instruments were procured under BORI’s Research &
Development project 2020-2022, with recommendations from an
expert committee comprised of experienced oceanographic sci-
entists. Table 1 lists detailed information about each instrument.
The total cost for procuring all the instruments was approximately
$50,000 USD.

Our study used two CTD sensors: the CTD90M from Sea & Sun
Technology and the Star-Oddi sensor. The CTD90M, known for
its high quality and accuracy, was our primary instrument for cal-
ibrating the other CT sensors. Its conductivity cell features a natu-
rally flushed design similar to the RBR Concertos “combined CT”
cell, which has a co-located temperature sensor (Pt100). We
selected continuous profiling modes, acquiring data at seven sam-
ples per second. The CTD profiles were secured to a steel cage
with a 1.7-liter Niskin water sampler. Our team of technicians
and scientists deployed and recovered the CTD by hand for each
cast from the side of the vessel, using pre-labeled nylon rope for
assistance (Figure 2b).

o VL

FIGURE 2. These photos show the platform, instruments, and data collection procedure used in this study. Gray arrows point to (a) the fishing boat used,

(b) CTD sensors, (c) an ADCP, and (d) a thermosalinograph.

TABLE 1. List of instruments.

EQUIPMENT ‘ MAKE/MODEL ‘ PARAMETER ‘ RESOLUTION ‘ ACCURACY ‘ RANGE
Temperature 0.0005°C +0.002°C —-2-60°C
CTD90OM Sea & Sun Technology Conductivity 0.005mS cm™ +0.01mS cm™ 0-300 mS cm™
Pressure 0.002% FS 0.05% FS 0-200 bar
Temperature 0.032°C +0.1°C —1-40°C
DST CT Star-Oddi
Conductivity 0.03mS cm™ +01mS cm™ 3-68mScm™’
Aquadopp 600 kHz Nortek Zonal meridional velocity 1cms™ 1+1% of the measured value #575ms™
Niskin-Type Plastic Water Sampler | HYDRO-BIOS
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Over a span of five days, the team successfully collected
57 profiles. The average descent and ascent rate of the CTD frame
was 0.07 m s™', with each complete CTD operation taking approx-
imately 6 to 8 minutes. We processed each CTD profile by aver-
aging data at 25 cm intervals. Slight differences in temperature
and salinity values were observed between the upcast and down-
cast profiles, probably due to advection. Because we did not have a
commercial thermosalinograph installed on a dedicated research
vessel, we innovatively developed a new method to measure fine-
scale horizontal gradients of near-surface temperature and salin-
ity. First, we placed one conductivity/temperature logger, along
with one temperature logger manufactured by Star-Oddji, inside
a small cage made of satin stainless steel. These compact sen-
sors, which are high-pressure tolerant and have long battery lives,
are among the smallest CT loggers on the market, measuring
less than 5 cm.

Next, for flotation, we attached the cage to two five-liter plastic
containers. Finally, we deployed the setup behind the boat using
a 20-meter-long rope, which helped us avoid the wake generated
by the boat. We used a depressor weight attached to a one-meter-
long rope connected to the cage to ensure the sensors remained
submerged while towing. We called this arrangement the “cost-
conscious thermosalinograph” (Figure 2d). The sensors were pro-
grammed to record data at two-minute intervals, resulting in a fine
horizontal resolution of 150 m for temperature and salinity in the
upper 1 m of the water column.

We used the Aquadopp 600 kHz ADCP to measure the horizon-
tal velocities in the upper ocean. At each CTD station, we securely
mounted the ADCP on a pole extending over the side of the boat,
facing downward (Figure 2c). The ADCP was deployed at a depth
of 2 m and was configured to sample in 1 m vertical bins with
a 1 sec sampling interval. We processed the velocity data using
Nortek’s AquaPro software. To minimize measurement error, we
averaged all the velocity data over a period of five to 10 minutes.

RESULTS
COASTAL MEASUREMENTS
Figure 3a,b shows the surface temperature and salinity in
Bangladesh’s coastal waters on five days: December 19, 22, 23,
and 24 in 2022 and January 14, 2023. The northern waters, influ-
enced by riverine sources, are colder (24°C compared to 29°C) and
less saline (12 psu compared to 32 psu) than those in the southern
part of the study. The depth-averaged currents flow from the south,
bringing warmer and saltier water to the region (see Figure 3c).
Strong stratification is observed in northern waters, with an
average buoyancy frequency (N?) of 107 s at depths of 2-4 m
(Figure 3g). In contrast, the southern waters show evidence of
well-mixed conditions. The data also indicate a temperature inver-
sion north of 22°N (Figure 3d), where the subsurface layers are
warmer than the surface. This phenomenon is consistent with pre-
vious studies (Vinayachandran et al., 2002; Thadathil et al., 2016;
Masud-Ul-Alam et al, 2022) and is particularly pronounced
within the upper 10 m of the water column.
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FIGURE 3. (a) Temperature and (b) salinity measurements taken at a depth of 2 m. (c) Flow patterns along the Cox’s Bazar coast during the measurement
periods, with different colors representing different days. Depth-latitude profiles are plotted along A to B within the dashed-line box in panel a for (d) poten-
tial temperature (6, °C), (e) salinity (S, psu), (f) potential density (o,, kg m~), (g) square of the Brunt-Vais&la buoyancy frequency (N2, s7), and (h) meridional

velocity (V m s™) as measured on December 23 and 24, 2022.
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The inversion primarily arises from surface cooling associated
with the “Western Disturbance” (Dimri and Chevuturi, 2016).
In a shallow mixed layer, like the one observed here, much of the
incoming atmospheric heat escapes into the subsurface ocean as
shortwave radiation, which further intensifies the temperature
inversion. Notably, salinity plays a more critical role than tempera-
ture in influencing the stability of the water column (Figure 3e—g).
Throughout the recorded data, distinct temperature and salinity
fronts are visible, raising intriguing questions about mixing pro-
cesses and thermodynamics in this region.

OBSERVATIONS ON DECEMBER 19, 2022

We present evidence of partially density-compensated submeso-
scale surface fronts (Figure 4c,d) with lateral scales ranging from
1 km to 10 km, based on in situ observations in the coastal region,
along with NOAA Visible Infrared Imaging Radiometer Suite
(VIIRS) satellite SST data with a resolution of 0.12 x 0.9 km. A
notable observation by the satellite recorded at 1 a.m. local time
on December 20, 2022, reveals a 50 km filament of warm water
located just east and south of the coasts of Bangladesh and
Myanmar (see Figure 4a,b). This warm filament is approximately

5 km wide and has an SST 2°C higher than the surrounding waters.
The northern side of the filament has a mushroom-like appearance
and forms a front with the incoming colder river water. Although
we collected data in the area eight hours before the satellite passed
(Figure 4b), the filament remained in place, suggesting that mix-
ing occurs slowly.

Temperature-salinity (T-S) plots at various depths and differ-
ent latitudes (Figure 4c,d) show two distinct water masses in the
coastal waters of Bangladesh during winter. The northern water is
primarily “minty” (Jackett and McDougall, 1985; Flament, 2002),
meaning it is cold (24°C) and fresh (12 psu) river water that has
been carried along the coast. As it moves, it mixes with the “spicy”"
warm (29°C) and salty (32 psu) waters of the BoB, resulting in the
formation of different types of coastal water (Figure 4c,d). A com-
bination of vertical (Mland M2 in Figure 4c) and horizontal mix-
ing (M3 in Figure 4c) can explain the distribution of temperature
and salinity on the continental shelf. Vertical mixing occurs on the
surface or bottom, probably due to surface cooling or tidal influ-
ences, while intermediate depths are more susceptible to horizon-
tal mixing (Figure 4c,d).

' In oceanography, “spice” describes water masses with varying salinity and temperature along isopycnals, measured in density units and nearly orthogonal
to potential density. Cold and fresh water is called “minty,” while warm and salty water is known as “spicy,” both having the same density.
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FIGURE 4. (a) NOAA Visible Infrared Imaging Radiometer Suite (VIIRS) SST (°C) for January 19, 2022. Blank areas are clouds
or land. (b) A magnified view shows SST in the vicinity of the Bangladesh coast near Cox’s Bazar. CTD locations are marked
by squares. The evolution of temperature and salinity (TS) in the coastal ocean is shown with colors indicating (c) measure-
ment depths and (d) latitudes. The three straight lines labeled M1, M2, and M3 represent resultant water masses formed due

to the mixing of minty river water and spicy ocean water.
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LATERAL VARIATIONS AND FRONTS ALONG BOAT TRACK

Our measurements on December 19, 2022, began at 7 a.m. local
time, continued until 5 p.m., and were made in a 60 km rectan-
gular loop (Figure 5a). That day, we completed a time series of
measurements of vertical profiles, including temperature, salin-
ity, and horizontal velocities at 10 different stations (Figure 5a).
We deployed our cost-conscious thermosalinograph behind our
boat to capture the initial insights into horizontal temperature and
salinity variability. The thermosalinograph collected continuous
data, and a comparison with near-surface temperature and salinity
from the CTD instrument indicates that the salinity measurements
from the thermosalinograph are generally reliable (Figure 5f,g).
Note that we used different sampling patterns during the other
four days (see Figure 4c).

On December 19, 2022, the along-track temperature and salin-
ity measurements indicate that we crossed two prominent sharp
fronts (Figure 5b—d). The data show that coastal waters are the
coldest and saltiest, measuring 24°C and 30 psu, while the waters
farther away are warmer and fresher, at 26°C and 26.5 psu. Between
these zones, we find the warmest and saltiest waters, with a tem-
perature of 27°C and a salinity of 31.5 psu (Figure 5b—d).

Horizontal density gradients are prevalent throughout the mea-
surement period, reaching a minimum within the first 20 km
(along-track distance) off the coast due to temperature and salin-
ity compensation (Figure 5d,e). In contrast, a sharp, dynam-
ically active front is observed farther from the coast (between
20 to 30 km) with a significant lateral density difference of
4 kg m™ over a spatial scale of 4 km. These observations suggest
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FIGURE 5. (a) Local time (hours) of measurement for surface (b) potential temperature (6; °C) and (c) salinity (S; psu)
data collected on December 19, 2022, from a fishing boat. Open squares (black) show the locations of ten CTD
stations. Surface (d) potential temperature (blue) and salinity (red), and (e) potential density (green) are plotted
along the boat’s track. The three horizontal lines (gray) in panel (d) represent three different types of water mass
(I, 11, and 1l1). (f,g) Scatterplots show temperature (f) and salinity (g) as measured by a Star-Oddi sensor (Tg,) within a
10-minute window, centered around each CTD profile (T.; ), averaged over the depth range of 0-2 m. The error
bars represent one standard deviation of the measurements. Dashed lines in panels a and b represent the 1:1line.
Probability density functions (PDFs) for (h) the horizontal salinity (z—i, psu, red) and temperature absolute gradi-

ents (%,"C, blue) and (i) the potential density absolute gradient (=, kg m

dp -, green) collected along the boat tracks

dx’

during five days of coastal measurements. The gray vertical lines in panel e mark the CTD stations along the boat
track. The blue, red, and green vertical lines in panels (h) and (i) mark the median of the probability density func-
tions for the horizontal potential temperature, salinity, and potential density gradients.
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the presence of submesoscale fronts in this region, consistent with
previous studies conducted in the open bay (Sengupta et al., 2016;
Jaeger and Mahadevan, 2018). The magnitude of the lateral gradi-
ent of temperature, salinity, and potential density along the boat
track exceeds 0.05 I/km (I = °C, psu, kg m™) about 15%, 25%, and
19% of the time (Figure 5h;,i).

VERTICAL STRATIFICATION AND SHEAR

Temperature and salinity profiles have been plotted at selected
locations A2, near the coast, and D3, at the front, (both indicated
in Figure 5a) along the track (Figure 6) to illustrate the verti-
cal structure and variability of the upper ocean. The D3 profile
displays a double pycnocline structure, with peaks in the verti-
cal density gradient occurring between depths of 6 m and 8 m
and 11 m and 13 m (Figure 6h). This vertical density gradient
is stabilized by a salinity gradient as riverine water creates a
salinity difference of 5 psu between the surface and bottom lay-
ers (Figure 6f). This stabilization counteracts the destabilizing
effect of the temperature gradient, where the surface layer is 4°C
colder than the warmer subsurface layer (Figure 6f). Such a tem-
perature inversion is commonly observed in the Bay of Bengal
during winter (Thadathil et al., 2016; Vinayachandran et al., 2002;
Masud-Ul-Alam et al., 2022).

In contrast, the A2 profile represents a relatively well-mixed
layer (Figure 6a). A negative Brunt-Viisild buoyancy frequency
squared value N? in the depth range of 5-8 m (Figure 6c) indicates
a vertical density overturn, suggesting substantial vertical mix-
ing near the coast (Figure 6b). The estimations of reduced shear?
(R, = SH? — 4N?) further support these observations. A reduced-
shear value greater than zero (Rg; > 0) indicates active turbulence,
while a value less than zero (Rg,; < 0) suggests a lack of turbu-
lence. Figure 6e,j shows that strong stratification resists signifi-
cant shear, contributing to the stability of the D3 profile, whereas
shear-induced mixing and weak stratification lead to a well-mixed
layer at A2. Notably, both profiles exhibit partially vertically com-
pensated water masses.

DISCUSSION
Co-located measurements of temperature, salinity, and horizontal
velocity provide valuable insights into the variability of tempera-
ture and salinity and the vertical shear structure in Bangladesh’s
coastal waters. The vertical resolution of the data ranges from
0.25 m to 1 m, while the horizontal resolution averages around
300 m, sufficient to capture submesoscale features (1-20 km).

The study reveals the presence of sharp, salinity-dominated
near-surface density fronts that are sometimes partially compen-

N2

2 The Richardson number criterion, defined as

7 < 0.25, is often used to identify mixing events in the ocean. Reduced shear, derived from the above crite-

rion, is expressed as SH? — 4N?2. If this value is positive, it means that the shear is strong enough to cause mixing. If the value is negative, it indicates that

the stratification is stronger, allowing the layers to remain stable.
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sated by temperature differences. The largest gradient exceeds
4 kg m™ over a distance of 4 km. Furthermore, the data indicate
large temperature inversions, which are common in the open bay
during winter.

The findings also highlight the complex pathways and mix-
ing patterns of river water in the ocean. For example, a narrow
10 km-wide coastal jet transports salty water into the northern
BoB shelves, maintaining the salt balance. We hypothesize that this
jetis a seasonal phenomenon occurring in winter, which helps pre-
vent the shelves from becoming fresher.

coastal conditions, create a regional ocean model for the northern
BoB, and help restore coral habitats.

We have succeeded in two main areas. The first area of success
encompasses the development of an indigenous method for mea-
suring coastal oceans with modern sensors and the collection of
unprecedented data in uncharted waters by Bangladeshi scientists.
There are three key reasons for this success. (1) Instead of devel-
oping low-cost sensors, BORI initially purchased modern instru-
ments, thanks to initial government funding of $50,000. (2) BORI
also offered support in terms of logistics, operations, and infra-

The second area of success is that, from an oceanographic perspective,

our work provides unique insights into the rich upper-ocean temperature-salinity

variability and vertical shear structure in Bangladesh’s coastal waters.

To illustrate these concepts, we can consider an idealized budget
for salt mixing expressed as

a _ E (1)
dt AS

where % is the overall change in salinity on the shelf, F,, = vh,w
is the volume flow, v is the meridional velocity, h, is depth, w is
width, AS = S, — S;,, §; is the salinity of the BoB, S is the salin-
ity of the shelf sea, and V is the volume of the shelf where the
depth is less than 10 m (see Figure 3e). Our measurements indi-
cate that v=0.5m s, h, =20 m, w = 10 km, V; = 9 x 10° m®,
S; =32 psu, and S, = 12 psu (see Figure 3). By substituting these
values into Equation 1, we estimate that % is 2 psu/day, suggesting
that the shelf water rapidly freshens by mixing with water from the
local rivers as it moves northward. More generally, this suggests
that many of the properties of the shelf water—salinity, oxygen,
nutrient concentration, and plankton—are strongly influenced by
similar balances between open ocean and riverine inputs, and that
these might change rapidly as this balance shifts due to variations
in either input or the mixing rate. We can explore this hypothesis
in future studies.

CONCLUSIONS

The northern shelves of the BoB associated with the mouth of the
Ganga-Brahmaputra-Meghna Rivers are among the least sampled
areas in the upper ocean. The establishment of BORI in 2018, along
with the goals set by the Bangladesh government, marked a sig-
nificant step toward a systematic scientific observation program.
This initiative aligns with the country’s vision of a blue economy
by 2028, focusing on collecting data on the physical, chemical, bio-
logical, and geological aspects of the ocean. It will also monitor
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structure development by setting up laboratories and data cen-
ters, ensuring the long-term success of our coastal observation
programs. (3) Collaboration between oceanographers from BORI
and the Applied Physics Laboratory, University of Washington, in
buying instruments, designing experiments, and processing data
played an important role in our success. This enthusiasm and
eagerness, bolstered by expert training, will pave the way for “cost-
conscious oceanography,” a new frontier for developing countries
in the Global South that cannot afford expensive ocean obser-
vation programs. Similar future observational efforts will help
address data gaps in many areas of the global ocean, ultimately
aiding in more accurate sea predictions.

The second area of success is that, from an oceanographic per-
spective, our work provides unique insights into the rich upper-
ocean temperature-salinity variability and vertical shear structure
in Bangladesh’s coastal waters. These findings suggest complex
pathways and mixing patterns of river water in the ocean. Ongoing
efforts to collect additional variables, such as oxygen, chlorophyll,
turbidity, and tides, are explicitly important for the effective man-
agement of coastal resources.
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