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Eastern Arabian Sea is a perennial source of CO  with high coastal fluxes: 2

quantifying key drivers

The ocean absorbs a substantial fraction of anthropogenic carbon dioxide (CO ) emissions, playing a crucial role in 2

regulating atmospheric CO  levels. As atmospheric CO  continues to rise rapidly, the magnitude and controls of air-sea 2 2

CO  exchange are expected to evolve, increasing the need for sustained observations, particularly in dynamic coastal and 2

marginal seas. The Arabian Sea is a major natural source of CO  to the atmosphere, yet its coastal and shelf fluxes and 2

inter- and intra-annual variation remain highly uncertain due to strong spatio-temporal variability and limited long-term 
observations.
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Figure-1: Monthly distribution maps of surface pCO  2

(µatm) during the study. Thin arrows in the pCO  maps 2

denote the prevailing wind fields during the winter and 
summer monsoons, while the thick arrow marks the semi-

annual reversal of the West India Coastal Current

Figure-2: Drivers of month-to-month variability in surface 
pCO  across the eastern Arabian Sea. Vertical bars show 2

the relative influence of freshwater, temperature, biological 
processes, vertical mixing, and air-sea CO  exchange in 2

offshore and shelf waters. The solid black line shows the 
summed contribution, and the dashed line represents 

observed pCO  changes.2

To address this gap, a first-ever year-long basin-scale observations were made across the eastern Arabian Sea (EAS) 

between January 2018 and January 2019, covering nearshore, shelf, and offshore regions. Figure 1 shows the spatial 
and seasonal distribution of surface pCO across the basin. Surface pCO  mostly exceeded atmospheric levels 2 2

throughout the year, confirming the EAS as a perennial source of CO . The highest pCO  occurred during the 2 2

summer monsoon, especially over the shelf and nearshore regions of the south and central EAS, driven by 
coastal upwelling. In contrast, lower pCO  during the inter-monsoons were driven by strong stratification that 2

suppresses mixing.
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Contribution of major drivers of pCO  variability was quantified through a first-order driver deconvolution analysis 2

(Figure 2). Vertical mixing was the dominant driver, explaining 36 and 52% of the annual pCO  variability, followed by 2

air-sea CO  exchange (5–34%), biological processes (10–29%), and temperature (3–26%). Freshwater influence was 2

generally small but became significant over the southern shelf during the peak monsoon (12%).

The seasonality of processes driving pCO  and CO  fluxes is summarised conceptually in Figure 3, which contrasts 2 2

nearshore and offshore regions of the northern and south/central EAS. During the summer monsoon, intense upwelling, 
strong winds, and mesoscale features such as cyclonic eddies shoal the thermocline and expose CO -rich subsurface 2

waters, resulting in strong CO  outgassing. In winter, convective mixing enhances CO  supply in the north, while biological 2 2

uptake and cooling partially offset emissions. The inter-monsoon periods are characterized by re-stratification, benthic 
production in shallow regions, and reduced fluxes.
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Figure-2: Schematic illustrating the seasonal processes controlling surface pCO  and air-sea CO  fluxes in the 2 2

Eastern Arabian Sea. Nearshore (left) and offshore (right) regions are shown separately for the northern (upper 
panels) and south/central (lower panels) EAS. Seasonal CO  fluxes (mmol C m-² d-¹) are indicated in parentheses.2

Evaluation of past two decades of available data revealed that global climate events such as the Indian Ocean Dipole (IOD) 
and El Niño-Southern Oscillation (ENSO) chiefly regulate interannual variation of pCO  in the EAS due to variation in 2

monsoon winds, precipitation patterns, surface stratification and upwelling strengths. Years of strong upwelling are 
associated with higher CO  emissions, whereas weaker upwelling years correspond to reduced emissions; nearshore CO  2 2

fluxes, however, are governed by the competing influences of upwelling intensity and surface freshwater capping. Despite 
substantial variability in surface pCO  observed over the past two decades, the available sparse data are insufficient to infer 2

definite long-term trends.

-1
Integrating seasonal and spatial fluxes, total CO  emissions from the EAS were estimated at 9.9 Tg C y . The summer 2

monsoon accounted for the largest seasonal contribution (66%), while spatially the northern EAS equally contributed 
due to shallow thermoclines, persistent winds, and weak stratification. Nearshore waters, although covering only ~15% 
of the EAS surface area, contributed nearly 30% of total emissions, with the macro-tidal northern nearshore regions 
acting as a persistent CO  hotspot. Despite covering only ~6% of the Arabian Sea, the EAS contributed ~12% of the 2

basin's total CO  emissions, underscoring the disproportionate role of dynamic coastal and shelf regions. Even high-2

resolution regional models substantially underestimated these coastal fluxes due to poor validation and strong interannual 
variability, highlighting the need for sustained coastal observations.

Citation: Sherin, C. K., & Gupta, G. V. M. (2026). Eastern Arabian Sea is a perennial source of CO  with high coastal 2

fluxes: Quantifying key drivers. Global Biogeochemical Cycles, 40, e2024GB008368.
https://doi.org/10.1029/2024GB008368.

[Report Courtesy: Dr.G.V.M.Gupta, National Centre for Coastal Research,Visakhapatnam, India;
E-mail:gvmgupta@gmail.com]
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Effect of high-resolution and wave forcing on energy budget and 
buoyant marine debris dispersion 

Understanding how ocean circulation controls marine debris dispersion remains a major scientific challenge. In this study, 
we develop a new hydrodynamic modeling framework to evaluate how horizontal resolution and  wave forcing affect 
ocean energetics and buoyant marine debris dispersion. 
Figure 1 presents the new configuration, named IndOc.HR, using a variable-resolution grid resolving meso- to sub-
mesoscale processes in coastal regions at 1–3 km resolution, while permitting long-term connectivity to be simulated at a 
basin scale. It includes daily freshwater discharge forcing from GloFAS to better represent river inputs. To explore the 
effect of waves on currents, a parameterization of the Stokes-Coriolis force and explicit Stokes drift have been 
implemented. 

Figure-1: Model grid resolution (in km, gray scale) and daily freshwater discharges (blue shaded color-bar and dots). Blue 
boxes in the best-resolved regions (ArS: Arabian Sea, BoB: Bay of Bengal, MoC: Mozambique Channel) are used to 

calculate spatial averages of temperature, salinity, sea elevation, energy spectra and Lagrangian trajectories. The three pink 
circles show the particle release locations for the Lagrangian sensitivity analysis. 

We compare the annual reference simulation (IndOc.HR) with two sensitivity experiments (i) IndOc.12 (1/12° ≈ 9 
km) to assess the role of spatial resolution, and (ii) IndOc. HR-Sto to evaluate the wave effects in three contrasted regions: 
the Arabian Sea (ArS), the Bay of Bengal (BoB), and the Mozambique Channel (MoC). After careful seasonal evaluation 
of the ocean simulated fields against satellite observations, energy budgets reveal an average 8% increase in surface kinetic 
energy when adding wave forcing and a 17% decrease when reducing resolution. 

The study illustrates how the three hydrodynamic configurations modify particle trajectory statistics in the ocean surface 
layer. The two HR simulations generate longer trajectories than the 1/12° case (about 160 km longer on average over 30 
days) and greater average plume displacement (+6 to +14% with wave effects). Wave forcing has a significant seasonal 
influence, particularly in the Arabian Sea during the southwest monsoon, promoting more coherent directional 
dispersion. In contrast, trajectory patterns in the Mozambique Channel are strongly controlled by current field resolution 
due to intense meso and sub-mesoscale activity.

Overall, this study quantifies the added value of high spatial resolution and wave forcing for modeling buoyant marine 
debris dispersion. The results provide key insights for future coastal-to-basin dispersion scenarios. Our regional 
configuration and outputs are now freely available to the interested scientific community.

Citation: Weiss, L., Herrmann, M., Marsaleix, P., Bompoil, M., and Maes, C. (2026). Modeling Indian Ocean circulation 
to study marine debris dispersion: insights into high-resolution and wave forcing effects with Symphonie 3.6.6, Geosci. 
Model Dev., 19, 827–865. https://doi.org/10.5194/gmd-19-827-2026

[Report Courtesy: Lisa Weiss, IRD | LEGOS, France; E-mail:lisa.weiss@ird.fr]
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Background: This study presents an advanced approach to forecasting tropical cyclone genesis, which is vital for disaster 
preparedness in coastal regions. Unlike traditional Genesis Potential Indices (GPIs) based solely on atmospheric 
parameters, this work integrates both atmospheric and oceanic variables, including relative vorticity, relative humidity, 
vertical wind shear, thermal instability, Upper Ocean Heat Content, and Sea Surface Height. Building on earlier studies, 
two improved indices, GPIS and GPIS1, are developed and evaluated against the atmospheric-only GPIK. Their 
performance is assessed for four post-monsoon cyclones (Kyant, Bulbul, Bruvi, and Mandous) over the Bay of Bengal 
during 2016–2022. For Cyclone Bulbul, high correlations (r = 0.94) and low RMSE values demonstrate strong 
agreement among the indices. Cyclone Mandous shows the highest skill for GPIK–GPIS1 (r = 0.96; RMSE = 1.79). 
Overall, GPIS1 consistently outperforms the other indices. Importantly, it detects developing low-pressure systems 3-4 
days in advance, compared to the 1-day lead time of the operational GPI. These findings highlight the benefit of 
integrating oceanic parameters for improved cyclogenesis prediction.

Methodology: The present study employs three Genesis Potential Indices (GPIs) to forecast tropical cyclone genesis over 
the Bay of Bengal during the post-monsoon season. The first index, GPIK, follows Kotal et al. (2009) and represents the 
atmospheric-only GPI operationally used by the India Meteorological Department, incorporating low-level vorticity, mid-
tropospheric humidity, thermal instability, and vertical wind shear. The second index, GPIS, proposed by Suneeta and 
Sadhuram (2018), enhances GPIK by integrating Upper Ocean Heat Content (UOHC) to account for upper-ocean 
thermal structure. UOHC is estimated using regression relationships involving SST, SSHA, and the depth of the 26 °C 
isotherm (D26). The third index, GPIS1, further refines GPIS by incorporating the squared Sea Surface Height to better 
capture nonlinear oceanic influences on cyclogenesis. Atmospheric inputs were obtained from high-resolution ERA5 
reanalysis, while SST and SSHA were sourced from AVISO–CMEMS datasets. The analysis focuses on four post-
monsoon cyclones Kyant (2016), Bulbul (2019), Burevi (2020), and Mandous (2022). Each event was examined over 
a uniform five-day spin-up period prior to genesis. Predictive skill was assessed using correlation and RMSE statistics for 
both spin-up and genesis phases.

The Role of Oceanic Parameters in Genesis Potential Indices for Enhancing 
Tropical Cyclogenesis Forecasting in Bay of Bengal 

th st
Figure-1(a-c): Daily spatial distributions during cyclone Kyant from the period 16  to 21  October 2016. Black 

dot indicates the genesis location dotted line indicates the track of the cyclone. (a) GPIK, (b) GPIS and (c) 
GPIS1 over BoB. 
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Results and discussions: The analysis of Cyclones Kyant, Bulbul, Burevi, and Mandous demonstrates the importance of 
integrating oceanic and atmospheric parameters for improved tropical cyclone genesis prediction over the Bay of Bengal. 
The modified indices, GPIS and GPIS1, consistently outperform the conventional atmospheric-only GPIK by providing 
more reliable and coherent cyclogenesis signals. Their superior performance stems from their ability to capture critical 
upper-ocean and atmospheric interactions that strongly influence cyclone development. In contrast, GPIK shows event-
dependent variability, with strong correlations for Kyant (shown in Figure 1 and 2), moderate agreement for Bulbul and 
Mandous, and weaker performance for Burevi, indicating limited sensitivity to oceanic influences. GPIS1 emerges as the 
most robust index, exhibiting high correlations and low RMSE values, particularly when paired with GPIK or GPIS. 
Heatmap and probability density analyses (shown in Figure 3) further confirm that GPIS and GPIS1 display sharper and 
more concentrated distributions, reflecting enhanced responsiveness to pre-cyclone environmental conditions. Overall, 
incorporating oceanographic parameters through GPIS and GPIS1 represents a significant advancement in cyclone 
genesis forecasting. Their consistent performance across diverse events supports the adoption of a multi-index, adaptive 
GPI framework to improve early warnings and disaster preparedness in the Indian Ocean region.

Citation: P. Suneeta, T.V.S. Udaya Bhaskar, E. Pattabhi Rama Rao, S.S.V.S. Ramakrishna, C.V. Naidu,The role of 
oceanic parameters in genesis potential indices for enhancing tropical cyclogenesis forecasting in the Bay of Bengal, 
Tropical Cyclone Research and Review,Volume 14, Issue 4, (2025) ,Pages 384-397, ISSN 2225-6032, 
https://doi.org/10.1016/j.tcrr.2025.11.007

[Report Courtesy: Suneeta P; INCOIS, Hyderabad, India; E-mail:ponnagantisuneeta@gmail.com]
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Figure-2(a-d): Individual parameters average from 16  to 21  October 2016 in Kyant cyclone period.

Figure-3(c-d): Probability density distributions for three different cyclone indices during Bruvi and 
Mandous Cyclone time.



 © 2017, IIOE-2.incois.gov.in. All Rights Reserved.
06

The Lakshadweep archipelago comprises 36 coral islands in the Arabian Sea, southwest of the Indian mainland. 
These islands are corals atolls characterised by lagoons, reef flats, and atolls. The coral reefs of Lakshadweep are 
among the most ecologically significant marine ecosystems in India, supporting high biodiversity and providing 
livelihood resources for local communities. In-situ spectral signature and spectroscopy data collection methods 
are essential for identifying, analysing, and distinguishing coral species at the taxonomic level. Researchers 
extensively use in-situ radiometric surveys and techniques across various terrestrial and ocean applications; 
however, working in the marine environment has limitations. Tropical corals are very susceptible to warming 
surface waters. Massive coral bleaching events rapidly reduce live coral cover in the oceans by disrupting the 
equilibrium.

In-Situ Hyperspectral Study Of Corals In Lakshadweep, Islands, India

Figure-1: Study area (Google Earth Pro)

In-situ data collection was conducted across five islands in Lakshadweep in February 2025 to assess coral diversity, health 
status, and hyperspectral characteristics of coral species at selected reef sites.

Figure-2:In-situ data collection of coral spectra by Arun S (Pic courtesy: Sajeev C Rajan)

The coral reefs of Lakshadweep remain ecologically significant but show localised stress indicators. Elevated sea surface 
temperatures and anthropogenic activities, such as tourism pressure and fishing, may influence reef condition. Long-term 
ecological and spectral monitoring will help understand coral stress and bleaching patterns and aid conservation planning 
of this marine ecosystem.

Citation: Arun S, Dr. Athira K, Prof. Dr. Jaishanker R, Dr. Sajeev C Rajan; CV Raman Laboratory of Ecological 
Informatics, (CVRLEI), School of Informatics, Kerala University of Digital Sciences, innovation and Technology, (Digital 
University Kerala)

[Report Courtesy: Arun S; CVRLEI, Kerala, India; E-mail:arunsaju94@gmail.com]
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