
1. Introduction
Sea surface temperature (SST) in the Bay of Bengal (BoB) plays a vital role in determining the spatio-temporal 
variability of Indian summer monsoon precipitation (Jiang & Li, 2011; Samanta et al., 2018; Shenoi et al., 2002). 
Due to the persistent occurrence of the relatively thin salt-stratified mixed layers, primarily owing to a large 
influx of freshwater from intense precipitation and continental rivers (Girishkumar et  al.,  2011; Rao and 
Sivakumar,  2003; Shetye et  al.,  1996; Thadathil et  al.,  2007), SST in the BoB is highly sensitive to surface 
fluxes (Duncan & Han, 2009). Moreover, the SST in the BoB is always higher than 28°C (Shenoi et al., 2002), 
a favorable condition for the formation of deep convection in the tropics. Due to the high mean SST, a small 
change in its magnitude can significantly feedback to the overlying atmosphere so as to influence the amplitude of 
intraseasonal and interannual signals over the BoB. Hence, it is imperative to understand the processes affecting 
air-sea fluxes that modulate SST in the BoB on different temporal scales to better represent ocean-atmosphere 
interactions in weather and climate forecast models.

Abstract This study examines the seasonal variability of the Land Breeze System (LBS) in the Bay of 
Bengal (BoB) using hourly moored buoy data, coastal radar data, atmospheric reanalysis data, and 6-hourly 
satellite-based Cross-Calibrated Multi-Platform (CCMP) wind velocity data. We first provide an overview 
of the LBS for the entire BoB, then focus on the pronounced LBS in southwestern BoB and its impact on the 
near-surface current field and latent heat flux (LHF). We show that the LBS in the southwestern BoB exhibits 
a maximum diurnal wind speed amplitude of ∼2 m s −1 with seaward nearshore winds best developed in the 
morning hours. The geographical coverage is maximum in July and August and minimum in December and 
January. During its peak phase in July–August, the signature of the LBS in the southwestern BoB extends up to 
600 km offshore, occupies ∼20% of the basin, and accounts for approximately 15% of the seasonal mean wind 
speed variance. The near-surface current field shows a rapid response to the diurnal wind speed variations, 
with an eastward current observed between 1000–1800 IST, a westward current between 1800–0800 IST, and 
a diurnal range of 12 cm s −1. LHF shows well-defined diurnal variability in response to diurnal LBS wind 
speed variability, with a morning maximum, evening minimum, and a diurnal range of 35 W m −2. We also 
find that the large-scale seasonal winds are the main factor in determining the annual variability in strength 
and  geographical coverage of the LBS in the southwestern BoB.

Plain Language Summary The land-sea breeze system that occurs due to differential heating 
between the land and ocean surfaces is a vital component of the climate system. In this study, we examine the 
seasonality of the land breeze signal and associated air-sea interaction processes in the southwestern Bay of 
Bengal (BoB) using moored buoy measurements together with reanalysis, satellite, and coastal radar data. As 
a result of seasonally evolving large-scale winds, which are offshore during boreal summer and onshore during 
boreal winter, the land breeze signal in the southwestern BoB shows an annual variability with maximum 
amplitude and geographical coverage during July and August and a minimum during December and January. 
During its summer peak phase, the signature of the land breeze signal is evident up to 600 km offshore from the 
coastal region in the southwestern BoB. Modulation of wind speed due to the land breeze signal also results in 
a well-defined diurnal variability in latent heat flux and near-surface current variability.
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There have been many previous attempts to document air-sea interaction 
processes in the BoB that are important of weather and climate (Bhat & 
Fernando,  2016; Bhat et  al.,  2001; Cyriac et  al.,  2016; Dey et  al.,  2017; 
Girishkumar et  al.,  2011,  2017; Joseph et  al.,  2021; Prasad,  2004; 
Praveen Kumar et  al.,  2017; Rao and Sivakumar,  2000; Sengupta and  
Ravichandran,  2001; Shenoi et  al.,  2002; Srivastava et  al.,  2018; 
Thangaprakash et al., 2016; Webster et al., 2002; Weller et al., 2016, 2019; 
Yu et al., 2007). These studies helped to advance our knowledge of varia-
bility across a broad range of phenomena spanning intraseasonal to decadal 
time scales. Air-sea interaction processes on sub-daily timescale are also 
essential to understanding the climate system. For example, based on a 
one-dimensional mixed layer model, Bernie et  al.  (2005) and Mujumdar 
et al. (2011) demonstrated that forcing a numerical model with fluxes that 
resolve sub-daily variations is essential to reproduce the amplitude of intra-
seasonal SST variability realistically. However, the knowledge of air-sea 
interaction processes on a sub-daily time scale in the BoB is poor, primar-
ily due to the historically limited availability of high temporal resolution 
time series measurements of near-surface meteorological and oceanographic 
parameters. However, with the advent of the Research Moored Array for 
African-Asian-Australian Monsoon Analysis and Prediction (RAMA) 
(McPhaden et al., 2009) and the Ocean Moored buoy Network for the North-
ern Indian Ocean (OMNI) (Venkatesan et al., 2013), the availability of such 
data has greatly increased. The possibility now exists to explore processes 
at work on very short time scales in novel and unique ways. For example, 
based on the measurements from three RAMA moorings in the central BoB, 
Joseph et al. (2021) and Girishkumar et al. (2021) examined sub-daily vari-
ability of atmospheric cold pool events and their effects on surface heat 
fluxes and SST. In addition, Turk et al. (2021) and Giglio et al. (2022) used 
moored buoy observations to document sub-daily wind speed variability in 
open ocean regions of the tropics.

The land-sea breeze system that occurs due to differential heating between the land and ocean surfaces evolves over 
the course of a day and is a vital component of the climate system at least in coastal regions (Stull, 1988). During 
the daytime, the land heats up faster than the surrounding ocean. A pressure gradient develops that is directed 
towards land, leading to the formation of onshore winds referred to as a sea breeze. During nighttime, land cools 
relatively fast, but the ocean surface takes more time to cool owing to its higher heat capacity. A pressure gradient 
directed towards the ocean develops, leading to winds blowing offshore referred to as a land breeze. These onshore 
(sea breeze) and offshore (land breeze) winds together constitute the land-sea breeze system (Wexler, 1946).

The land-sea breeze system plays a vital role in determining regional climate (M. Aparna et al., 2005; Chen 
et al., 2016; Clancy et al., 1979; Davis et al., 2019; Hamza & Babu, 2007; Hill et al., 2010; Kilpatrick et al., 2017 
Miller et al., 2003; Pielke, 1973; Rani et al., 2010; Short et al., 2019; Woodson et al., 2007; Zhu et al., 2017). 
Many studies of the land-sea breeze system, as reviewed by Miller et al. (2003), focused mainly on the impact of 
the sea breeze on inland fetches. However, the impact of the Land Breeze System (LBS) on offshore regions has 
received relatively little attention because of the aforementioned limited availability of in-situ data. However, a 
few studies have examined the impact of the LBS on different parts of the global ocean. Neetu et al. (2006) stud-
ied the impact of the LBS on ocean surface waves over the eastern Arabian Sea and Rafiq et al. (2020) studied the 
impact of the LBS on coastal currents of the southwestern Australian coast. Based on moored buoy observation  in 
the Red Sea, Davis et al. (2019) have shown that the LBS has the potential to modulate local air-sea interaction 
processes. Using multi-mission scatterometer data, Gille et al. (2003, 2005) provided a global view of diurnal 
wind variations associated with land and sea breezes. Their study further demonstrated the existence of an LBS 
in the southwestern BoB, but did not evaluate the seasonality of the LBS or its impact on air-sea interaction 
processes.

In this study, we take advantage of near-surface meteorological and oceanographic parameters with one-hour 
temporal resolution from a moored buoy in the open ocean at 13.5°N, 84.0°E in the southwestern BoB (Figure 1), 

Figure 1. Annual average of diurnal amplitude of Cross-Calibrated 
Multi-Platform 6-hourly wind speed (m s −1) estimated based on data from 1 
January 2010–31 December 2019. The green circle represents the location of 
open ocean buoy BD11 at 13.5°N, 84.0°E in the southwestern Bay of Bengal, 
and the cyan diamond symbols represent the location of high frequency radar 
stations (11.7°N, 79.8°E, and 12.5°N, and 80.2°E). The diurnal amplitude 
values are significantly different from zero at the 99% confidence level at 
every grid point based on the application of a t-test.
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satellite-based Cross-Calibrated Multi-Platform (CCMP) wind velocity data, coastal radar data and the European 
Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis (ERA5) product to address the following 
questions:

1.  What is the seasonality of the LBS in the BoB?
2.  What causative mechanisms are responsible for the seasonality of LBS in the BoB?
3.  What is the impact of the LBS on the near-surface current field in the southwestern BoB?
4.  What is the impact of the LBS on latent heat flux (LHF) in the southwestern BoB?

The present study is organized as follows. The data set used and the methodology followed are summarized in 
Section 2. Seasonal variability in the diurnal amplitude of the LBS and its impact on air-sea interaction processes 
are described in Section 3. Finally, key results are summarized in Section 4.

2. Data and Methods
The near-surface meteorological and oceanographic measurements with a temporal resolution of 1 hr from the 
mooring located at 13.5°N, 84.0°E (designated BD11) are used in the present study (Venkatesan et al., 2013). 
The temperature data at 1 m water depth from BD11 is used as a proxy for SST. The mooring measures humidity 
and air temperature at 3 m above the sea surface, downwelling longwave and downwelling shortwave radiation, 
wind speed at 4 m height, and ocean current velocity using a doppler volume current sampler (DVS) at a depth 
of 1.5 m depth.

LHF is estimated from mooring SST, humidity, wind speed, downwelling shortwave, and downwelling longwave 
radiation using the Coupled Ocean-Atmosphere Response Experiment (COARE) bulk flux algorithm version 3.6 
with diurnal warm-layer and cool skin correction (Edson et al., 2013; Fairall et al., 1996, 2003). Downwelling 
longwave radiation data from the mooring were in error during the study period, so that downwelling longwave 
radiation data from Clouds and the Earth's Radiant Energy System (CERES) with 1° × 1° spatial resolution and 
one-hour temporal resolution (Wielicki et al., 1996) were used instead to estimate LHF from the bulk algorithm. 
A comparison of downwelling longwave radiation data from CERES with measurements from RAMA buoys at 
15°N, 90°E in the central BoB and 5°N, 95°E in the eastern equatorial Indian Ocean demonstrated that CERES 
data were a reasonable replacement for missing in-situ data at BD11 (A. R. Aparna & Girishkumar,  2022; 
Girishkumar et al., 2021; Joseph et al., 2021). BD11 also measures sub-surface temperature and salinity though 
these data are not used in the present study. Specifications of BD11 sensors are summarized in Table 1, and data 
availability from the mooring is presented in Figure 2.

The measurements from the BD11 mooring have a sufficient temporal resolution to resolve the LBS in the south-
western BoB. For instance, a week-long time series of wind speed derived from BD11 during 22–29 July 2017 
shows well-defined sub-daily variability with a diurnal range of 2 m s −1 in the wind speed (Figure 3c; blue line). 
These features are the primary focus of the present study.

In addition to moored buoy data, the spatio-temporal variability of LBS in the BoB is evaluated using CCMP 
6-hourly gridded surface wind vectors data with 0.25° spatial resolution (Wentz et al., 2015). The CCMP wind 
data from 2010 to 2019 are subjected to Fast Fourier transform (FFT) analysis to estimate the diurnal amplitude 

Table 1 
Sensor Specification of BD11 Mooring

Parameters Sensor type Make/model Accuracy

Wind speed Cup anemometer Lambrecht/1453 ±2%

Wind direction Vane + flux gate compass Lambrecht/1453 1.5–4°

Air temperature Pt/100 RTD Rotronic/MP 102A ±0.3°C

Relative humidity Capacitance ±1%

Downwelling long-wave radiation Pyrgeometer Eppley/PIR 5%

Downwelling short-wave Pyranometer Eppley/PSP 3%

Water temperature Thermistor Seabird/Micro-CAT SBE37 0.002°C

Single point Doppler volume sampler Teledyne RD Instrument 150 kHZ Velocity: ±1% Dir: ±2°
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of wind speed. To understand the monthly evolution of diurnal wind speed amplitude, the diurnal amplitude of 
wind speed of every month is estimated separately during 2010 and 2019, and its average value is calculated 
to form a climatology. This approach is similar to previous studies that analyzed the annual modulation of the 
diurnal cycle in surface winds (Gille et al., 2005; Ueyama and Deser, 2008). An alternative approach to FFT 
for estimating the diurnal LBS winds would be to use a least squares fit to harmonics as in Giglio et al. (2022). 
However, they found that harmonic fits slightly underestimate the amplitude of the diurnal signal compared to 
using an FFT approach. Thus, for this reason and because of its simplicity, we prefer to use FFT to define the 
diurnal amplitude of wind speed.

To understand the large-scale impact of the LBS in the southwestern BoB, we use hourly air temperature, relative 
humidity, and wind velocity from the ECMWF ERA5 reanalysis with a spatial resolution of 25 km (Hersbach 
et al., 2020). We note that the CCMP wind analysis product finds a solution using the Variational Analysis Method 
(VAM) that best fits the data from satellites, moored buoys observation, and wind field from ERA-Interim reanal-
ysis product as a first-guess. Moreover, ERA5 assimilates buoy data, including BD11. Hence, BD11, CCMP, and 
ERA5 are not completely independent of one another. However, CCMP and ERA use different analysis methods, 
so the use of the different products helps to build confidence in our results.

Ocean surface current vectors derived from a pair (separated by ∼100 km) of high frequency (HF) radars installed 
at the southeastern coast of India (11.7°N, 79.8°E, and 12.5°N and 80.2°E) are also used to describe surface 
current variability in the southwestern BoB (Jena et al., 2019) (Figure 1; cyan diamonds). The HF radar operating 
frequency is 4.4 MHz and can provide surface current measurements as far as 200 km from the coast at a spatial 
resolution of 6 km and a temporal resolution of 1 hr (Jena et al., 2019). Due to variations in the roughness of 
the sea surface and electromagnetic interference from environmental sources, the HF radar measurements have 
spatial data gaps. Thus, we used a HF radar current product with gaps filled by a complex empirical orthogonal 
method (Kolukula et al., 2020).

All the analyses were presented in Indian Standard Time (IST; 5h 30 min ahead of UTC). The offset between the 
local time and IST at the BD11 location (84°E) is 6 min, and the eastern boundary of the southwest coast of the 
BoB (80.5°E) is around 4 min. The daily mean (0600–0500 IST) of meteorological parameters on a particular day 
is removed to estimate the daily anomaly field. The LSB system is primarily determined by differential heating 
between land and ocean, which is crucially dependent on the diurnal cycle of insolation. The mean sunrise time 
in the study region is around 0600 IST; hence, a 24-hr interval starting from 0600 IST defines 1 day in this study. 
This approach is similar to previous studies of sub-daily variability in the BoB (Jofia et al., 2021; Girishkumar 
et al., 2021) and the western equatorial Indian Ocean (Seo et al., 2014). The analysis is not sensitive to the precise 

Figure 2. Data availability of near-surface meteorological and oceanographic parameters relative humidity (blue), wind 
speed (green), air temperature (red), sea surface temperature (black), and latent heat flux (cyan), from the open ocean buoy 
BD11 at 13.5°N and 84.0°E in the southwestern Bay of Bengal.
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Figure 3. Temporal evolution as a function of longitudinal for (a) Cross-Calibrated Multi-Platform 6 hourly zonal wind speed anomaly (U; m s −1), (b) ERA5 hourly 
zonal wind speed anomaly (U; m s −1), and (c) wind speed (WS; m s −1) derived from BD11 (blue) and ERA5 (red) at the same location as the buoy (13.5°N, 84.0°E) in 
the southwestern Bay of Bengal during 22–29 July 2017. The longitude (84.0°E) corresponding to the BD11 location is marked as green dashed vertical lines in panels 
(a) and (b). WS = 𝐴𝐴

√

𝑈𝑈 2 + 𝑉𝑉 2 based on the highest temporal resolution data.Time in IST hours.
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definition of what constitutes a day, for example, using 0000–2300 IST instead of 0600–0500 IST does not signif-
icantly affect our results.

For ease of discussion, we mainly concentrate on the composite of sub-daily evolution of meteorological and 
oceanographic parameters. The number of days used to estimate the composite field for each parameter is summa-
rized in Table 2. The statistical uncertainty of each parameter is presented as the one-standard error, estimated 
based on deviations from the respective means. The difference between the maximum and minimum value of a 
parameter in a day is defined as its diurnal amplitude.

The relative contribution of sub-daily variability of wind speed and air-sea specific humidity differences (∆q) on 
the sub-daily variability of LHF is examined by isolating their impact from one another. For this purpose, LHF 
is estimated by retaining only the sub-daily variability of wind speed (LHF_WS) while holding ∆q to its daily 
mean; or by keeping only the sub-daily variability of air-sea specific humidity difference (LHF_∆q) while fixing 
wind speed to its daily mean.

3. Results and Discussion
3.1. Seasonal Variability of the LBS in the BoB

The annual average of FFT analysis of six-hourly CCMP wind speed data from 2010 to 2019 shows the geographic 
locations in the BoB where the most prominent diurnal variability persists (Figure 1). The diurnal wind speed 
amplitude shows its largest magnitude, with a maximum value (∼1.5 m s −1), in the southwestern BoB (Figure 1). 
This particular characteristic is consistent with Gille et al.’s  (2005) analysis of four-times daily scatterometer 
wind observations, which they attributed to the LBS. A faint patch of diurnal wind speed amplitude is also appar-
ent in the northwestern and eastern BoB, though the geographical coverage and magnitude are much smaller than 
the signature in the southwestern BoB.

The monthly evolution of the diurnal wind speed amplitude was evaluated to understand the seasonal variability 
in intensity and geographical spread of the LBS in the BoB (Figure 4a). The magnitude and spatial spread of 
wind speed's diurnal amplitude indicate a well-defined annual variability in the southwestern BoB (between 
10.0°N and 16.0°N; 80.0°E and 84.0°E; marked as blue boxes in each panel of Figure 4a). Relatively low values 
in the diurnal amplitude of wind speed are evident between November and March (∼0.8  m  s −1) during the 
Northeast Monsoon, followed by a sudden amplitude increase in May (Figure 4b; blue line). Peak intensity is 
reached during the Southwest Monsoon in July–August (∼1.8 m s −1), falling off from September onward and 
reaching a minimum value by December and January (Figure 4b; blue line). Between November and February, 
when the magnitude of the diurnal amplitude of wind speed is smallest, its spatial extent is apparent only as a 
narrow band in the coastal region of the southwestern BoB (Figure 4a). The geographical coverage of diurnal 
wind speed amplitude becomes noticeable over a much larger area between March and May, attaining maximum 
spatial coverage between July and August before decreasing afterward (Figure 4a). During July and August, the 
well-defined maxima in diurnal wind speed amplitude observed in the southwestern BoB exhibits maximum 
geographic extent covering approximately 20% of the entire BoB (blue box in Figure 4a). The amplitude of 
diurnal wind speed explains approximately 15% of the magnitude of total wind speed variability during July and 
August (Figure 4b; blue dashed line). These characteristics suggest that the diurnal variability of the wind speed 
associated with LBS in the southwestern BoB is a significant large-scale feature during the summer. In contrast, 

Table 2 
The Number of Days Considered for Deriving a Diurnal Composite for Various Parameters

Platform Parameters Period Number of days

CCMP Wind vectors July–August (2010–2019) 620

BD11 Wind vectors July–August (2011–2020) 411

Current vectors 480

Specific humidity 410

ERA5 LHF, wind speed vectors, air temperature July–August (2010–2020) 682

HF radar Current vectors July–August (2010–2021) 409
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the diurnal wind speed contribution to the total wind speed variability is only 5%, or approximately a factor of 
three smaller, from November to March compared to July–August (Figure 4b; blue dashed lines).

The annual variability of the diurnal amplitude of wind speed in the northern BoB (green box in Figure 4a) shows 
roughly a mirror image compared to the evolution in the southwestern BoB (blue line Figure 4b and green line 
in Figure 4c). Relatively low values in the diurnal amplitude of wind speed are evident between June and August 
(∼0.8 m s −1) in the northern BoB, followed by a gradual increase in amplitude between September and October. 
Peak intensity is reached in November–February (∼1.6 m s −1), falling off from March onward and reaching a 
minimum value by July (Figure 4c; green line). During its peak phase between November and February, the 
amplitude of diurnal wind speed explains approximately 10% of the magnitude of total wind speed variability in 
the northern BoB (Figure 4c; green dashed line). However, the geographical coverage of the LBS signature in 
the northern BoB is restricted to a much smaller region than its counterpart in the southwestern BoB (Figure 4a).

3.2. Mechanisms Responsible for the Seasonally Varying Offshore Extension of the LBS in the BoB

In this section, we explore possible causative factors determining the seasonality in intensity and offshore spread 
of the LBS in the BoB. Previous studies reported that the magnitude of the cross-shore potential air temperature 
difference between land (TL) and ocean (TO), that is, (∆TL-O), is the primary factor that determines the strength 
of the LBS (Masselink and Pattiaratchi, 2001; Miller and Keim, 2003; Rafiq et al., 2020). In particular, a lower 
surface temperature over the land would favor a stronger land breeze, and a higher temperature would favor a sea 
breeze. Wermter et al. (2022) demonstrated that a modification of atmosphere temperature above 2 m over the 
ocean and land would not have much impact on the onset time of the sea breeze/land breeze system, but these 

Figure 4. (a) Monthly evolution of the multi-year average (2010–2019) of the diurnal amplitude of wind speed (m s −1) derived from 6-hourly Cross-Calibrated 
Multi-Platform (CCMP) data. (b) Temporal evolution of the diurnal amplitude of CCMP wind speed (left axis; blue line) and its percentage of the variance to the total 
wind speed (right axis; blue dashed line) averaged over 10.0°N–16.0°N and 80.0°E−84.0°E in the southwestern Bay of Bengal (BoB) (marked as a blue box in each 
panel of (a)). (c) Temporal evolution of the diurnal amplitude of CCMP wind speed (left axis; green line) and its percentage of the variance to the total wind speed 
(right axis; green dashed line) averaged over 19.5°N–21.5°N and 87.0°E−91.5°E in the northern BoB (marked as a green box in each panel of (a)). In (b) and (c), the 
shading represents the standard error of the mean estimated from the standard deviation for each monthly mean. The green circles in (a) represent the locations of 
mooring BD11 at 13.5°N, 84.0°E.
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features can significantly influence the strength and offshore geographical coverage of LBS. In addition, the 
prevailing large-scale wind speed direction is also an essential factor in determining the offshore extension of 
LBS (Masselink and Pattiaratchi, 2001; Miller and Keim, 2003; Rafiq et al., 2020). For example, a strong oppos-
ing (toward land) prevailing large-scale wind can reduce the offshore extension of the LBS.

Starting first with the southwestern BoB, the monthly evolution of the average minimum value in the difference 
between TL (over the region 10.0°N–15.0°N; 78.0°E−80.0°E) and TO (over 10.0°N–15.0°N; 80.0°E−82.0°E) 
during the night (∆TL-O_MN) shows well-defined annual variability (Figure  5d; blue line; refer Figure  6a for 
definitions). The annual cycle of ∆TL-O_MN shows a maximum negative value (∼−6°C) from November to 

Figure 5. Monthly climatology (based on 2010–2019) of (a) Cross-Calibrated Multi-Platform (CCMP) wind speed (WS; m s −1) and vectors (𝐴𝐴 ⃖⃖⃖⃖⃗𝑊𝑊  ; m s −1) averaged over 
the latitude band 10.0°N–15.0°N in the southwestern Bay of Bengal (BoB), (b) CCMP wind speed and vectors averaged over the latitude band 19.5°N–21.5°N in the 
northern BoB, (c) magnitude of monthly average of wind speed perpendicular to coast (WPC) (m s −1) derived from CCMP averaged over the box 10.0°N–15.0°N and 
80.0°E−82.0°E (marked as a blue box in inset map; zonal wind speed) in the southwestern BoB (blue line) and averaged over the box 19.5°N–21.5°N; 87.0°E−90.5°E 
(marked as a green box in inset map; meridional wind speed) in the northern BoB (green line) (d) blue line: monthly average of the minimum temperature 
difference (ΔTL-O_MN) between land (TL; 10.0°N–15.0°N and 78.0°E−80.0°E; marked as a blue box over land in inset map) and ocean (TO; 10.0°N–15.0°N and 
80.0°E−82.0°E; marked as a blue box over the ocean in inset map) during the night derived from ERA5 air temperature (°C) and green line: monthly average of the 
minimum temperature difference between land (TL; 21.5°N–23.5°N; 87.0°E−90.5°E; marked as a green box over land in inset map) and ocean (TO; 19.5°N −21.5°N; 
87.0°E−90.5°E; marked as a green box over the ocean in inset map) during the night derived from ERA5 air temperature (°C) and (e) a non-dimensional land breeze 
index (WPC 2/Cp|ΔTL-O_MN|) in the southwestern BoB (blue line) and northern BoB (green line). In panel (e), the black line represents an ILBS of magnitude −3, below 
which the offshore temperature gradient is insufficient to overcome the opposing wind toward land, which restricts the Land Breeze System to the coastal region. 
WS = 𝐴𝐴

√

𝑈𝑈 2 + 𝑉𝑉 2 based on the highest temporal resolution data and 𝐴𝐴 ⃖⃖⃖⃖⃗𝑊𝑊  is vector wind.
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February, followed by a sharp decrease in negative values, reaching a minimum negative value around May 
(−2°C) (Figure 5d; blue line). Subsequently, the magnitude of the negative differences progressively increases 
between May and November (Figure 5d; blue line). Larger negative values of ∆TL-O_MN from November to Febru-
ary provide favorable conditions for the LBS in the southwestern BoB. However, the maximum negative values 
∆TL-O_MN coincide with the period when the LBS shows minimum offshore extension in the southwestern BoB 
(Figure 4a; blue box and Figure 5d; blue line). The magnitude of ∆TL-O_MN during July and August, when the LBS 
displays maximum offshore extension, ranges from −0.8°C to −0.1°C, which is much smaller than its magnitude 
between November and February (Figure 5d; blue line). These characteristics suggest that the annual distribution 
of ∆TL-O_MN alone cannot explain seasonal variations in the offshore extension of the LBS in the southwestern 
BoB.

The prevailing wind in the southwestern BoB is southwesterly (offshore) from June to September and northeast-
erly (onshore) between November to February, with a magnitude of 10 m s −1 in the summer and 8 m s −1 in the 
late fall and early winter (Figure 5a). The wind speed magnitude is much smaller (∼6 m s −1) and predominately 
easterly (onshore) in March, April, and October; and weak southerly (parallel to the coast) in May (Figure 5a). 
The zonal wind in the southwestern BoB is onshore with a magnitude of −2 to −4 m s −1 between October and 
March, such that it opposes the LBS (Figure 5c; blue line). On the other hand, the prevailing zonal wind direction 
is offshore, and its magnitude reaches 6 m s −1 between May and September, a condition favorable for the offshore 
extension of LBS in the southwestern BoB (Figure 5c; blue line).

We use a dimensionless LBS index (ILBS) proposed by Biggs and Graves (1962), expressed as

Figure 6. The composite of (a) sub-daily evolution of air-temperature difference (ΔTL-O; °C) between land (TL; 10.0°N–15.0°N and 78.0°E−80.0°E) and ocean (TO; 
10.0°N–15.0°N and 80.0°E−82.0°E) during July–August derived from ERA5. The minimum value of the air-temperature difference between land (TL) and ocean 
(TO) observed during the night is marked as ΔTL-O_MN. Sub-daily evolution of (b) Cross-Calibrated Multi-Platform (CCMP) wind speed anomaly (WS; m s −1), (c) 
CCMP zonal wind speed anomaly (U; m s −1), (d) ERA5 wind speed anomaly (WS; m s −1) during July–August averaged over latitude band 10.0°N–15.0°N. Sub-daily 
evolution (e) magnitude of wind speed anomaly (WS; m s −1) and (f) wind vector anomaly (𝐴𝐴 ⃖⃖⃖⃖⃗𝑊𝑊  ; m s −1) derived from the BD11 mooring during July–August. For better 
readability, the y-axis is repeated for half-day. The longitude (84.0°E) corresponding to the mooring location is marked as green dashed vertical lines in panels (b)–(d). 
A three-point running mean is applied to BD11 and ERA5 data for better readability. WS = 𝐴𝐴

√

𝑈𝑈 2 + 𝑉𝑉 2 based on the highest temporal resolution data and 𝐴𝐴 ⃖⃖⃖⃖⃗𝑊𝑊  is vector 
wind.Time in IST hours.
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,WPC ≥ 0 (offshore)

 (1)

to understand the competing effects of ∆TL-O_MN and opposing winds on the LBS in the southern BoB. In this 
expression Equation 1, Cp is the specific heat capacity of air (1.003 kJ K −1 kg −1), WPC is a component of wind 
perpendicular to the coast (zonal wind speed in the southwestern BoB), and |∆TL-O_MN| is the magnitude of the 
minimum value in the difference between TL and TO. The ILBS will be negative when the WPC is onshore (i.e., 
westward in the southwestern BoB) and positive when WPC is offshore (i.e., eastward in the southwestern BoB). 
Values of ILBS less than −3 are indicative of a ∆TL-O_MN that is insufficient to overcome the opposing zonal wind 
speed (Biggs & Graves, 1962; Porson et al., 2007).

Consistent with this threshold, the LBS is largely absent in the southwestern BoB between November and Febru-
ary when the ILBS magnitude is below −3 (Figure 5e; blue line). From March onwards, values of ILBS are higher 
than −3, and LBS starts to emerge in the offshore region of southwestern BoB (Figure 4a). Between June and 
August, ILBS became strongly positive, coinciding with the maximum offshore extension of LBS (Figure 5e; 
blue line). These characteristics suggest that the prevailing zonal winds in the southwestern BoB is a dominant 
factor in determining the annual variability in strength and geographical coverage of LBS in the southwestern 
BoB.

The seasonality of the LBS signature in the northern BoB can also be explained by the annual variability of ILBS 
(Figure 5e; green line). The LBS is largely absent in the northern BoB between April and September when the 
ILBS magnitude is below −3, which is primarily attributed to prevailing onshore (i.e., northward) winds with 
speeds of 5–6 m s −1 (Figure 4a; green line in Figures 5c and 5e). On the other hand, due to the offshore (i.e., 
southward) prevailing wind with speeds of 4 m s −1 between October and March, ILBS are greater than −3 in the 
northern BoB, and LBS signature is noticeable in the offshore region (Figures 4a and 5b; green line in Figures 5c 
and 5e). The presence of strong alongshore wind speed during much of the year is consistent with the absence of 
an extensive offshore LBS in the northwestern BoB coast (between 16.0°N and 20.0°N) in most of the months 
(Figure 4a and Figure S1 in Supporting Information S1).

The above analysis indicates that the amplitude of LBS signature in the northern and northwestern BoB regions is 
relatively small and occupies only a small region. On the other hand, the LBS signature in the southwestern BoB 
is much stronger and shows substantial spatial coverage. Hence, in the analysis that follows, we restrict ourselves 
to July and August in the southwestern BoB, when the LBS shows maximum strength and geographical coverage. 
It is also during this time that the mooring BD11 comes under the influence of diurnal variability of wind speed 
in the southwestern BoB (Figure 4a; blue box).

3.3. Spatio-Temporal Evolution of LBS in the Southwestern BoB During July–August

The coast is meridionally oriented in the southwestern BoB, and the offshore flow associated with LBS is domi-
nated by a zonal component of wind speed. Hence, we restrict our analysis to primarily total wind speed and its 
zonal component. The Hovmöller diagram of diurnal wind speed anomaly and zonal wind speed anomaly aver-
aged over a latitude band between 10.0°N and 15.0°N during July–August shows an alternative band of positive 
and negative values with apparent eastward propagation (Figures 6b and 6c). These particular characteristics of 
the eastward propagating signal in the composite field of zonal wind speed anomaly are evident in week-long 
continuous time series observations in the southwestern BoB during 22–29 July 2017 (Figure 3a).

The sub-daily evolution of the Hovmöller diagram of zonal wind speed anomaly shows the initiation of eastward 
wind speed anomaly around 2000 IST along the coastal region of the southwestern BoB as soon as air temper-
ature values over the land are cooler than the nearby ocean (Figures 6a and 6c). The magnitude of the eastward 
wind anomaly intensifies further and propagates eastward between 0100 and 1300 IST (Figure 6c). The zonal 
wind anomaly becomes westward in the coastal region of the southwestern BoB around 1300 IST, and this anom-
aly propagates eastward when air temperature values over the land are warmer than the nearby ocean (Figures 6a 
and 6c).

The prevailing large-scale wind in the southwestern BoB during July–August is southwesterly (Figure S1 
in Supporting Information  S1). Hence, the eastward-blowing LBS can lead to an increase in the total wind 
speed. Similarly, the westward blowing sea breeze signal can cause a decrease in the total wind speed. The 
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modulation of background large-scale wind speed can be inferred from the 
Hovmöller diagram of wind speed anomaly, in which the magnitude of wind 
speed increases (∼2 m s −1) when the LBS persists in the southwestern BoB 
(Figure 6b).

We note that the timing of onset and subsequent propagation of wind speed 
and zonal wind speed anomalies observed on the southwestern BoB are 
roughly in agreement with previous studies that examined the LBS in other 
parts of the globe (Davis et al., 2019; Rafiq et al., 2020; Short et al., 2019). 
For instance, using multi-satellite scatterometer observation in the eastern 
equatorial Indian Ocean, Short et al. (2019) reported the existence of LBS 
between 0000 and 1300 LST. These characteristics further corroborate our 
argument that the diurnal variability of wind speed on the southwestern BoB 
is the signature of the LBS.

The signature of the eastward propagating zonal wind speed anomaly is appar-
ent out to 87.0°E (∼700 km offshore) in the southwestern BoB (Figures 6c 
and 7). Further to the east of 87.0°E, the eastward propagating zonal wind 
speed anomaly tapers to zero (Figures 6c and 7). Compared to the coastal 
zone, the amplitude of zonal wind speed anomaly is reduced by half at the 
84.0°E BD11 mooring location (Figure 7). The faster propagating character-
istics of the LBS signal in the region far offshore are consistent with diurnal 
wind perturbation studies around the Maritime Continent of the eastern equa-
torial Indian Ocean (Figure 5 of Short et al., 2019). Short et al. (2019) conjec-
ture that this offshore feature is independent of the LBS signal. Instead, they 
attribute this feature to the downward penetration of momentum due to the 

growth of planetary boundary layer instabilities associated with daytime warming of the near-surface layer (Dai 
& Deser, 1999).

The signature of LBS is apparent in the wind speed measurements from BD11 mooring, located approximately 
400 km from the southwest coast of India (Figures 3a, 6e, and 6f). A time series of the wind speed anomaly 
derived from BD11 mooring shows a well-defined diurnal variability with an enhancement between 0000–1200 
and a reduction between 1200–0000 IST in conjunction with the arrival of the eastward propagating zonal wind 
speed anomaly at the mooring location (Figures 3a and 3c; Figures 6c and 6e). The signature of the LBS is 
conspicuous in the July–August composite of the sub-daily evolution of wind vector derived from the BD11 
(Figure 6f). The well-defined clockwise rotation of wind vector anomaly at the mooring location is consistent 
with the behavior of the LBS in the northern hemisphere (Figure 6f) (Gille et  al.,  2005). An eastward wind 
anomaly, the signature of LBS, is apparent at the BD11 by 0600 IST, intensifies, and then vanishes by 1600 
IST (Figure  6f). Subsequently, a westward wind anomaly is evident at the mooring between 2000 and 0600 
IST (Figure 6f). The frequency distribution of the diurnal range of wind speed anomaly during July and August 
shows that the magnitude is higher than 2 m s −1 in approximately 58% of days with an average value of around 
1.7 ± 0.02 m s −1 (Figure 8a and Figure S2 in Supporting Information S1).

The approximate time lag between the reversal of zonal wind anomaly in the coastal region and at the BD11 
mooring is around 6 hr, indicating that the phase speed of these eastward propagating features is around 15 m s −1. 
This estimated phase speed is comparable to previous estimates of offshore propagation (∼11–30 m s −1) associ-
ated with the LBS due to gravity waves (Davis et al., 2019; Kilpatrick et al., 2017).

3.4. Impact of the LBS on Oceanographic and Atmospheric Parameters

We might expect the remarkable diurnal variability in wind speed associated with the LBS to play a role in modu-
lating oceanographic and other atmospheric parameters in the open ocean region of southwestern BoB. We next 
examine the effect of LBS wind speeds on ocean surface currents and LHF using the buoy data, HF radar, and the 
ERA5 reanalysis focusing on the months of July and August.

Figure 7. The composite of longitudinal distribution of Cross-Calibrated 
Multi-Platform zonal wind anomaly (m s −1) averaged over the latitude band 
10.0°N–15.0°N in the southwestern Bay of Bengal during July–August during 
four different times in a day (black: 02:30–08:30 IST; pink: 08:30–14:30 
IST; yellow: 14:30–20:30 IST and light blue: 20:30–02:30 IST). Positive and 
negative values represent offshore/eastward and onshore/westward zonal wind 
speed anomalies, respectively. The green dashed vertical line represents BD11 
mooring at 13.5°N, 84.0°E.
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Figure 9. The composite of sub-daily evolution (a) BD11 wind vector anomaly (𝐴𝐴 ⃖⃖⃖⃖⃗𝑊𝑊  ; m s −1), current vector anomaly (𝐴𝐴 ⃖⃖⃗𝐶𝐶  ; cm s −1) derived from (b) BD11 mooring at 
13.5°N, 84.0°E and (c) high frequency (HF) radar at 81.0°E averaged over 11.0°E−12.0°N and (d) magnitude of zonal current speed anomaly (cm s −1) from HF radar 
(red) and BD11 (black). For better readability, the y-axis is repeated for half-day, and a three-point running mean is applied to BD11 and HF radar data. 𝐴𝐴 ⃖⃖⃖⃖⃗𝑊𝑊  is vector 

wind and 𝐴𝐴 ⃖⃖⃗𝐶𝐶  is vector current. Time in IST hours.

Figure 8. The frequency of the diurnal range in (a) wind speed (m s −1) in 0.25 m s −1 bins and (b) latent heat flux (LHF) (W m −2) in 5 W m −2 bins during July and 
August. The wind speed and LHF data are bandpass filtered between periods of 22.5–25.5 hr before estimating the diurnal range of individual days (as illustrated in 
Figure S2 in Supporting Information S1).
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3.4.1. Impact on Surface Currents

The impact of diurnal wind speed variability associated with the LBS 
on the ocean surface currents in the southwestern BoB is illustrated in 
Figures 9a–9d. The near-surface current vector anomalies derived from the 
buoy and HF radar data are very similar, and like the wind vector anoma-
lies show clockwise rotation. Eastward currents are strongest between 1000 
and 1800 IST with a maximum of ∼6 cm s −1 around 1200 IST, and west-
ward currents are strongest between 1800 and 0800 IST with a maximum 
magnitude of ∼−6 cm s −1 around 0100 IST (Figures 9c and 9d; red line). 
The seasonal average of current speed at the BD11 buoy during summer is 
∼27 cm s −1. Hence, the ∼12 cm s −1 diurnal range of the current speed anom-
aly at the BD11 buoy is approximately 45% of the total current magnitude 
during July and August (Figure 9d; black line).

The direction of the current vector anomaly is approximately 90° left to the wind 
direction (Figures 9a–9c). Previous studies on the LBS, particularly on the north 
of 30°N, where the inertial period is less than a day, showed that the current 
modulation with respect to diurnal wind forcing is as expected from classical 
Ekman drift theory (Fontán et al., 2013; Rafiq et al., 2020) in which the current 
is directed to the right of the winds. In our case, the inertial period is ∼2 days at 
the buoy location, which is much longer than the diurnal time scale of the LBS 
wind forcing. Thus, the land and sea-breeze forced currents are superinertial in 
frequency, for which the currents are theoretically expected to spiral to the left of 
clockwise rotating winds (Orlic, 2011; Rudnick and Weller, 1993).

3.4.2. Impact on LHF

The sub-daily variability of the LHF anomaly at the BD11 mooring location 
shows a well-defined diurnal variability with a peak heat loss at 1000 IST and 
a minimum heat loss from the ocean around 2000 IST (Figure 10a; black line). 
Wind speed and air-sea specific humidity difference (∆q) are the two main 
factors that determine the modulation of LHF. Our analysis at the BD11 buoy 
location shows that the bulk of the diurnal modulation in LHF is determined by 
the diurnal variability of wind speed associated with the LBS. There is a strong 
temporal correspondence between wind speed and LHF with an enhancement 
and reduction in LHF loss from the ocean in conjunction with a maximum and 
minimum in wind speed (Figures 10a and 10b). The contribution of ∆q to the 
modulation of diurnal variability of LHF is relatively small, and is in opposition 
to the impact of diurnal wind speed variability on LHF (Figures 10a and 10c).

The enhancement of ∆q during the afternoon (∼0.4  g  kg −1) is due to the 
combined effect of reduction in air-specific humidity (qa) and increasing specific 
humidity at the sea surface (qs) (Figure 10d). Generally, the sub-daily variability 
of qs follows SST, reaching maximum in the afternoon (Figure S3 in Support-
ing Information S1). However, qa declines during the afternoon when both SST 
and qs show an enhancement (Figure 10d). One plausible explanation for the 
reduction in qa is the entrainment of the dry planetary boundary layer air into the 
surface layer due to atmospheric mixed layer growth, as demonstrated in previ-
ous studies (Johnson & Ciesielski, 2017). These characteristics indicate that the 
diurnal variability of wind speed associated with LBS is primarily responsible for 
the diurnal variability of LHF in the southwestern BoB during July and August.

The frequency distribution of the diurnal range in LHF during July and August shows that its magnitude is higher 
than 25 W m −2 approximately 68% of the time, with an average value of around 35 ± 0.85 W m −2 (Figures 8b 
and 10a; black line). Occasionally, the diurnal range of LHF may be as large as 75 W m −2 (Figure 11d; blue line 
and Figure 8b). The mean value of LHF during July and August at the mooring location is around 110 W m −2, so 

Figure 10. Composite evolution of sub-daily variability of the anomaly of 
(a) latent heat flux (LHF) (black; W m −2) (b) wind speed (m s −1), (c) specific 
humidity difference between air and sea (∆q; qs − qa; g kg −1), (d) specific 
humidity of air (qa) (red) and specific humidity at the sea surface (qs) (black) 
derived from BD11 mooring during July and August. Panel (a) shows LHF 
derived from BD11 mooring data after retaining only sub-daily variability in 
wind speed (LHF_WS; green line), only sub-daily variability in air-sea specific 
humidity differences (LHF_∆q; blue line), and the sum of LHF_WS and 
LHF_∆q (black dashed line). The shading represents the one standard error 
mean estimated based on the standard deviation of data in each hourly bin.
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Figure 11. Temporal evolution of longitudinal evolution of (a) Cross-Calibrated Multi-Platform 6-hourly wind speed anomaly (WS; m s −1), (b) ERA5 hourly wind 
speed anomaly (WS; m s −1), (c) ERA5 hourly latent heat flux (LHF) anomaly (W m −2), and (d) LHF anomaly (W m −2) derived from BD11 (blue) and ERA5 (red) 
at the exact location of the buoy (13.5°N, 84.0°E) in the southwestern Bay of Bengal during 22–29 July 2017. A three-point running average is applied to ERA5 
and BD11 parameters for better readability. The longitude (84.0°E) corresponding to the BD11 location is marked as green dashed vertical lines in panels (a)–(c). 
WS = 𝐴𝐴

√

𝑈𝑈 2 + 𝑉𝑉 2 based on the highest temporal resolution data. Time in IST hours.
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that the ∼35 W m −2 diurnal range associated with LBS is approximately 30% of the magnitude of the seasonal 
mean value of LHF in the southwestern BoB.

We used the ERA5 reanalysis to examine the spatial coherence of LHF variability observed at the mooring loca-
tion associated with wind speed due to the LBS (Figures 11c and 11d; red line, Figures 12b and 12c; red line). 
Diurnal variability of LHF from ERA5 shows an excellent agreement with BD11 observations, both in phase and 
amplitude (Figures 11d and 12c). In addition, the diurnal modulation of LHF by wind speed is well represented 
in ERA5 as in the BD11 observation (Figures 6b, 6d, 11a, 11b, and 11d). Also, the eastward propagating wind 
speed anomaly and zonal wind speed anomaly observed in the CCMP wind product are well captured in ERA5 
(Figures 11a and 11b; Figures 3a and 3b). These characteristics suggest that the LBS in the southwestern BoB is 
well represented in the ERA5, and it provides an opportunity to examine the spatial coherence of diurnal varia-
bility of LHF observed at the BD11 mooring location.

Figure 12. The composite of sub-daily evolution (a) wind speed anomaly (WS; m s −1), (b) latent heat flux (LHF) anomaly (W m −2) from ERA5, and (c) LHF anomaly 
(W m −2) from BD11 (blue) and ERA5 (red) at mooring location (13.5°N, 84.0°E) during July and August. The longitude (84.0°E) corresponding to the BD11 location 
is marked as green dashed vertical lines in panels (a) and (b). For better readability, the y-axis is repeated for half-day, and a three-point running mean is applied to 
BD11 and ERA5 data for better readability. WS = 𝐴𝐴

√

𝑈𝑈 2 + 𝑉𝑉 2 based on the highest temporal resolution data. Time in IST hours.
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Consistent with the eastward propagation of enhancement and reduction in the wind speed anomaly associ-
ated with the LBS, the LHF loss from the ocean derived from the ERA5 in the southwestern BoB shows a 
well-defined diurnal variability (Figures 12a and 12c; red line). The average magnitude of the diurnal range 
in LHF (35 W m −2) estimated from ERA5 agrees well with that from BD11 (Figure 12c). However, the higher 
magnitude diurnal wind speed range (4 m s −1) west of the BD11 mooring location means an even greater diurnal 
range for LHF derived from ERA5 there (Figures  12a and  12b). Thus, the LBS has a significant impact on 
sub-daily LHF variability in the offshore regions of the southwestern BoB.

4. Summary and Conclusion
In this study, we examined the seasonal variability of the LBS in the southwestern BoB and its impact on the 
near-surface current field and LHF. For this purpose, we used moored buoy measurements with 1-hr temporal 
resolution at 13.5°N, 84.0°E, coastal radar data, an atmospheric reanalysis, and CCMP wind velocity data. We 
found a seasonal variation of the LBS in the southwestern BoB with a maximum diurnal wind speed amplitude 
(∼2 m s −1) and geographical coverage during the Southwest Monsoon in July and August and a minimum during 
the Northeast Monsoon in December and January. During the peak phase, the signature of the LBS in the south-
western BoB occupies approximately 20% of the BoB basin and accounts for about 15% of the total wind speed 
variance during July–August. Annual variability in LBS is also observed in the northern BoB, though roughly 
opposite in temporal evolution from that in the southwestern BoB, with a maximum diurnal wind speed ampli-
tude during November-February and a minimum during June and August. It is also found that the LBS signal in 
the northern BoB shows much smaller geographical coverage during its peak phase compared to the southwestern 
BoB.

Consistent with previous work, the present study indicates that the LBS occurs predominantly due to the 
differential heating between the ocean and land in the southwestern BoB. Our analysis further suggests 
that the prevailing zonal winds are a dominant factor in determining the annual variability in strength and 
geographical coverage of the LBS in the southwestern BoB. In particular, westward (onshore) winds from 
November to February restrict the offshore extension of LBS, though higher negative values of ∆TL-O_MN 
(the minimum value of the difference between temperature over land and temperature over the ocean during 
the night) provide favorable conditions for LBS development. In contrast, ∆TL-O_MN magnitude from May to 
October is smaller than for November to February, but eastward prevailing winds provide favorable condi-
tions for maximum geographical coverage of the LBS. The seasonality of the LBS in the northern BoB is also 
determined by the prevailing winds, such that the LBS is largely absent in the northern BoB between April 
and September due to prevailing onshore (northward) winds. In contrast, due to the offshore (southward) 
prevailing winds between October and March, the LBS signature is evident in the offshore region of the 
northern BoB.

Air-sea interaction processes associated with LBS in the southwestern BoB during July–August, when the LBS 
shows maximum geographical coverage and strength, are examined using in-situ data from the mooring and 
HF radar. The near-surface current vector anomaly derived from the mooring and HF radar data shows a rapid 
response to the diurnally evolving wind vector anomaly. Eastward currents are observed between 1000 and 1800 
IST with a maximum magnitude (∼6 cm s −1) around 1200 IST, and westward currents are observed between 
1800–0800 IST with a maximum magnitude (∼−6 cm s −1) around 0100 IST. The currents were to the left of the 
clockwise rotating surface winds, consistent with the theory for superinertial flows. We also found a well-defined 
diurnal variability in latent heat loss from the ocean in conjunction with diurnally evolving wind speed due to 
the LBS in the southwestern BoB. The magnitude of the diurnal range of LHF due to LBS is typically around 
35 W m −2, but can at times be as large as 75 W m −2.

The present study indicates that failure to represent the LBS in the southwestern BoB may result in an 
inaccurate representation of LHF and consequently in the simulation of SST. In particular, the inability of 
coupled models to represent the LBS in the BoB may lead to accumulated errors in net surface heat flux that 
potentially impact the accuracy of subseasonal, seasonal and interannual time scale simulations. A detailed 
observational analysis of  the LBS on SST in the BoB will be the subject of a separate study. Likewise, we 
have undertaken a more detailed dynamical analysis of the observed superinertial flow in relation to LBS 
wind forcing.
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Data Availability Statement
CCMP Version-2.0 vector wind analyses are produced by Remote Sensing Systems. Data are available at www.
remss.com. The ERA5 data set was obtained from the Copernicus Climate Change Service Climate Data Store 
(CDS) website (at https://cds.climate.copernicus.eu/cdsapp%23%21/home), accessed on 1 June 2022. OMNI 
mooring data is available at https://incois.gov.in/portal/datainfo/buoys.jsp. The HF radar data used in this study 
is accessible at http://odis.incois.gov.in/index.php/insitu-data/coastal-hf-radar/data. The Matlab code for coare3.6 
is obtained from http://ftp1.esrl.noaa.gov/BLO/Air-Sea/bulkalg/cor3_6/.
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