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Report for the year 2023 and future activities

SOLAS ‘India’
compiled by: ‘Sheryl Oliveira Fernandes’

This report has two parts:

- Part 1: reporting of activities in the period of January 2023 - Feb/Mar 2024
- Part 2: reporting on planned activities for 2024 and 2025.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Core Themes or Cross-Cutting Themes.

Core Theme 1. Greenhouse gases and the oceans;

Core Theme 2: Air-sea interfaces and fluxes of mass and energy;

Core Theme 3: Atmospheric deposition and ocean biogeochemistry;

Core Theme 4: Interconnections between aerosols, clouds, and marine ecosystems;

Core Theme 5: Ocean biogeochemical control on atmospheric chemistry;

Cross-Cutting Theme: Integrated studies of high sensitivity systems (upwelling systems,

Indian Ocean, polar oceans and sea ice);

Cross-Cutting Theme: Climate intervention;

Cross-Cutting Theme: Science and society.

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country or
region you are representing (all universities, institutes, lab, units, groups, cities).

First things first...Please tell us what the IPO may do to help you in your current and future
SOLAS activities. ?

PART 1 - Activities from January 2023 to Feb/Mar 2024

1. Scientific highlight
Title: Response of surface ocean pCO; to tropical cyclones in two contrasting basins of the
northern Indian Ocean

The impact of two very severe tropical cyclonic events, Phailin (over the Bay of Bengal) and Ockhi
(over the Arabian Sea) was examined on surface ocean pCO; and the associated changes in the




upper ocean using a coupled biogeochemical ROMS model. Primary productivity averaged over
the mixed layer increased from 6.9 to 12.0 (7.2—-45.6) mg C m~3d™! in response to Phailin (Ockhi).
Decomposition analysis revealed that the mean contribution of temperature-driven changes in
inducing pCO; variability in response to pre- and post-cyclonic conditions, in case of Phailin
(Ockhi), were 5.4 (-8.8) and -7.6 (-58.8) patm whereas dissolved inorganic carbon (DIC) driven
changes were 23.6 (19.5) and 27.8 (78.0) patm. The enhancement of DIC was more in the near-
surface waters than its removal by net biological processes. This caused the dominance of
cyclone-induced upwelling and associated vertical mixing driven changes over enhanced biology-
driven changes in controlling pCO; variability during both cyclones.
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Fig. 1. Spatial plot of (a) pCO; (natm) and (b) surface chl-a (mg/m3) during Phailin. Spatial plot of
(c) pCO; (natm) and (d) surface chl-a (mg/m3) during Ockhi.
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Relatively large ratio of DIC to total alkalinity in the upper layers of Arabian Sea facilitated a higher
pCO; response during cyclones. Proportion of variance explained by ocean pCO;on air-sea
CO; flux was 53% (69%) whereas wind speed explained 57% (62%) for Phailin (Ockhi). Despite
comparable magnitudes of environmental forcing during both cyclones, the oceanic response to
Phailin was comparatively short-lived and subdued due to strong salinity stratification in the Bay
of Bengal. A relatively large ratio of DIC to total alkalinity in the upper layers of Arabian Sea
facilitated a higher pCO; response to Ockhi. These findings suggest that the Arabian Sea (Ockhi)
acts as a greater source of CO; to the atmosphere in comparison to the Bay of Bengal (Phailin)
during tropical cyclones.

Citation: Bhattacharya, T., Chakraborty, K., Ghoshal, P.K., Ghosh, J., Balaji, B. Response of surface
ocean pCO; to tropical cyclones in two contrasting basins of the northern Indian Ocean. Journal of
Geophysical Research: Oceans, 128 (4): e2022JC019058.

2. Activities/main accomplishments in 2023 (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international
collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, economics and/or arts; interactions with policy makers,
companies, and/or journalists and media).




10.

11.

. The 6™ meeting of the IIOE-2 Steering Committee was held at Perth, Australia during 06-09

February, 2023. Integrated meetings reviewed the progress and scientific knowledge gained
due to the concerted efforts of regional bodies. Discussions were held to draw an action plans
to address the issues leading to the UN Decade of Ocean Science for Sustainable
Development (2021-2030).

The third meeting of the KUDOS community (KUDOS-III) took place at the Indian Ocean
Marine Research Center at the University of Western Australia (UWA) in Perth on 10 February
2023. The meeting was part of an integrated package of meetings during 6-10 February 2023
under the banner of the International Indian Ocean Science Conference (I10SC) 2023, which
included annual meetings of IIOE-2, Indian Ocean GOOS (I0GOOQS), the Indian Ocean Regional
Panel (IORP), the Sustained Indian Ocean Biogeochemistry and Ecosystem Research Program
(SIBER) and the IndOOS Resource Forum (IRF).

National Science Workshop on Indian Ocean Biogeochemistry (NSWIO-BGC) was held at the
Center for Marine Living Resources and Ecology (CMLRE), Kochi from 26 to 28" April 2023.

From May 15 to June 11, 2023, the Korea Institute of Ocean Science and Technology (KIOST)
research vessel ISABU, the KIOS 2023 expedition covered a meridional transect from 65° E
and 25° S to 5° N, stretching between Port Louis, Mauritius, and Malé, Maldives. This cruise
was a part of the KIOS (KIOST Indian Ocean Study), which received endorsement from IIOE-2
(IOE2-EP51: Korea-US Joint Observation Study of the Indian Ocean led by Dr. Dong-Jin Kang,
PI/Chief Scientist, KIOST, and funded by the Ministry of Oceans and Fisheries, the Republic of
Korea). The primary goal of the KIOS scientific cruise was to gain insights into the physical,
biogeochemical, and ecological characteristics of the Seychelles-Chagos Thermocline Ridge
(SCTR) region, which is a significant open ocean upwelling region in the tropical Indian Ocean.
The findings would contribute to enhancing the predictability of global climate patterns.

. Three RAMA moored buoys were successfully deployed at 12°S-65°E, 8°S-65°E, and 4°S-65°E,

alongside one subsurface ADCP mooring and eight Lagrangian drifter buoys. Additionally, the
RAMA mooring that had gone adrift at 8°S, 67°E on 18" September 2022, was successfully
recovered.

The "RAMA-K study site" was established around 8°S, 65°E, where KIOST plans to relocate
additional subsurface moorings in 2024.

The 8™ edition of the Biennial National Conference of the Ocean Society of India (OSICON-
23), was held at Indian National Centre for Ocean Information Services (INCOIS), Hyderabad,
India from August 23 - 25, 2023. The focal theme for OSICON-23 was 'Operational
Oceanography - Science to Services'. The conference hosted two special sessions i.e. of the
Indian Meteorological Society (IMS) and Federation of Indian Geosciences Associations
(FIGA).

The UN Ocean Decade Collaborative Centre for the Indian Ocean Region was also launched
during OSICON-23.

Invited Early Career Ocean Professional (ECOP) talks were held at OSICON-23. ECOPs from
premiere oceanographic institutions of India explained the latest advancements in the Indian
oceanographic realm through their path breaking research and elucidated how their work
aligned with the sustainable goals of the UN Ocean decade.

The 'Decade Collaborative Centre for Indian Ocean Region (DCC-IOR)' organized the 'Indian
Ocean Regional Decade Conference 2024: Bridging Billions to Barcelona' from 1-3 February,
2024 at INCOIS. It was organized under the ambit of UN Ocean Decade (2021-30). Technical
sessions were held on ten ocean decade challenges, National Decade Collaborative
Committees, Early career ocean professionals (ECOPS) and other stakeholders including
industry.

A joint research initiative was formulated between India and the United States of America,
titled Enhancing Knowledge of the Arabian Sea Marine Environment through Science and
Advanced Training" (EKAMSAT). ESSO-Indian National Centre for Ocean Information Services




conducted a month-long scientific cruise in the Arabian Sea from June 29 to July 24, 2023,
onboard research vessel Sagar Nidhi, immediately following the field campaign by a US-India
team onboard Roger Revelle during June 10-25, 2023. Fine-scale oceanographic and
atmospheric measurements carried out during the expedition aimed to improve our
understanding of the small-scale mixing processes in the ocean surface boundary layer,
Interior Ocean, and air-sea interaction processes.

12.The 1IOE-2 Project Office at INCOIS hosted a brainstorming session from 28-30™" November,
2023 to discuss and deliberate upon the ways to sustain the 2" International Indian Ocean
Expedition (IIOE-2) beyond 2025. It brought together several distinguished researchers,
leaders and policymakers across the globe active in Indian Ocean-focused forums such as the
Indian Ocean Global Ocean Observing System (I0OGOQS), Indian Ocean Region Panel of
CLIVAR/IOC-GOOS (IORP), Indian Ocean Observing System Resources Forum of IOGOOS (IRF),
Sustained Indian Ocean Biogeochemistry and Ecosystem Research of IMBeR/IOGOOS (SIBER),
IOC Regional Committee for the Central Indian Ocean (IOCINDIO) and the Scientific
Committee on Oceanic Research (SCOR).

13. During the Prydz Bay Air-Sea-lce Experiment (PRAISE) field survey, which is a part of one of
the newly initiated research observatory projects of National Centre for Polar and Ocean
Research (NCPOR), researchers have successfully retrieved essential data from the ice-
tethered mooring system at the Bharati Station at Prydz Bay in Antarctica. The main aim of
the observatory is to study the Air—Ice—Sea interactions by measuring various environmental
variables from these three spheres.

14.Revised version of the manuscript has been submitted for consideration in SOLAS special issue
to be published in Elementa: Science of the Anthropocene:

Kumar, A., Tegtmeier, S., Fernandes S.O., Biswas, H., Girach, ., Roxy, M.K., Kurian, S., Marandino,
C.A,, Sarma, VV.S.S., Shenoy, D.M. Surface ocean-lower atmospheric processes in the Indian
Ocean: Current understanding, knowledge gaps and future directions.

3. Publications in 2023 (only PUBLISHED articles) and if any, weblinks to models, datasets,
products, etc.
Abhiram, N.C.S., Abhilash, S., Martin, M., Sankar, S., Mohapatra, M., Sahai, A.K. Changes in the

thermodynamical profiles of the subsurface ocean and atmosphere induce cyclones to
congregate over the Eastern Arabian Sea. Scientific Reports, 13: 15776.

Ahmed, S, Thomas, J.L.,, Angot, H.,, Dommergue, A., Archer, S.D., et al. 2023. Modelling the
coupled mercury-halogen-ozone cycle in the central Arctic during spring. Elementa:
Science of the Anthropocene, 11(1): 00129.

Anjana, S., Chatterjee, A., Han, W., Prerna, S., Sajidh, C. K. 2023. Role of oceanic internal instability
in the generation of low-frequency variability in the Indian Ocean. Geophysical Research
Letters, 50: e2022GL102489.

Aswathy, V.S., Girishkumar, M.S., Athulya, K. 2024. Seasonal and intraseasonal modulation of
near-inertial wind power associated with fluctuations in unidirectional wind speed in the
Bay of Bengal. Ocean Dynamics 74: 8195.

Aswini, M.A., Ruchith, R.D., Das S.K., Ramaswamy V., Muraleedharan P.M., Kumar A. 2023.
Seasonal distribution of cirrus cloud characteristics and their rapid descent from
polarization lidar measurements at the west coast of India. Theoretical and Applied
Climatology, 154: 43-57.

Athira, K.S., Roxy, M.K., Dasgupta, P., Saranya, J.S., Singh V.K., Attada R. 2024. Regional and
temporal variability of Indian summer monsoon rainfall in relation to El Nifio southern




oscillation. Scientific Reports, 13: 12643.

Bhattacharya, T., Chakraborty, K., Ghoshal, P.K., Ghosh, J., Balaji, B. Response of surface ocean
pCO: to tropical cyclones in two contrasting basins of the northern Indian Ocean. Journal
of Geophysical Research: Oceans, 128 (4): e2022JC019058.

Camargo, S.J., Murakami, H., Bloemendaal, N., Chand, S.S., Deshpande, M.S., et al. 2023. An
Update on the Influence of Natural Climate Variability and Anthropogenic Climate Change
on Tropical Cyclones. Tropical Cyclone Research and Review, 12(3): 216—239.

Chakraborty, K., Joshi, A.P., Ghoshal, P.K., Ghosh, J., Akhand, A., Bhattacharya, T., Sreeush, M.G.,
Valsala, V. 2023. Mechanisms and drivers controlling spatio-temporal evolution of pCO2
and air-sea CO2 fluxes in the southern Java coastal upwelling system. Estuarine Coastal
and Shelf Science, 293: 108509.

Chaluvadi, R., Varikoden, H., Mujumdar, M., Ingle, S.T. 2023. The combined influence of west
Pacific subtropical high and tropical cyclones over the northwest Pacificon Indian summer
monsoon rainfall. Quarterly Journal of the Royal Meteorological Society, Online, 150
(759):1157-1171.

Chinta, V., Du, Y., Hong, Y., Chen, Z., Chowdary, J.S. 2023. Impact of the Interdecadal Pacific
Oscillation on tropical Indian Ocean sea surface height: An assessment from CMIP6
models. International Journal of Climatology, 43: 4631-4647.

Chowdary, J.S., Saikrishna, T.S., Dandi, R.A., Patekar, D., Parekh, A., Gnanaseelan, C., Osuri, K.K.
2023. Symmetric and asymmetric response of Indian Summer Monsoon rainfall to
different ENSO decay phases in observations and CMIP6 models. Global and Planetary
Change, 220: 1-20.

Dogra, G., Bera, S., Dewan, A., Sahany, S. 2023. Understanding Dynamical Properties of Cumulus
Clouds Over the Bay of Bengal. Pure and Applied Geophysics, 180: 2915-2926.

Dwivedi, S., Pandit, A.K., Jangid, B.P., Yesubabu, V., et al. 2023. Formation and maintenance of
monsoon inversion over the Arabian Sea. Theoretical and Applied Climatology, 155: 2841—
2856.

Ganadhi M.K., Deshpande Medha, Sunilkumar K., Emmanuel R., Ingle S. 2023. Climatology and
characteristics of rapidly intensifying tropical cyclones over the North Indian Ocean.
International Journal of Climatology, 43(4): 1773—-1795.

Ghosh, S., Dey, S., Das, S., Riemer, N., Giuliani, G., Ganguly, D., Venkatraman, C., Giorgi, F., et al.
2023. Towards an improved representation of carbonaceous aerosols over the Indian
monsoon region in a regional climate model: RegCM. Geoscientific Model Development,
16(1): 1-15.

Gokul, T., Vellore, R.K., Ayantika, D.C., Divya, V., Krishnan, R., Reji, M.J.K. 2024. Low clouds over
the subtropical Indian Ocean and sub-seasonal circulation associations with the Indian
summer monsoon. Climate Dynamics, 62: 2069-2106.

Heintzenberg, J., Legrand, M., Gao, Y., Hara, K., et al. 2023. Spatio-Temporal Distributions of the
Natural Non-Sea-Salt Aerosol Over the Southern Ocean and Coastal Antarctica and Its




Potential Source Regions. Tellus — B: Chemical and Physical Meteorology, 75(1): 47-64.

Kaushik, A., Gupta, P., Kumar, A., Saha, M., Varghese E., et al. 2024. Identification and physico-
chemical characterization of microplastics in marine aerosols over the northeast Arabian
Sea. Science of the Total Environment, 912: 168705.

Koul, V., Brune, S., Akimova, A., Disterhus, A., Pieper, P., et al. 2023. Seasonal prediction of
Arabian Sea marine heatwaves. Geophysical Research Letters, 50(8): €2023GL103975.

Mahajan, A.S., Wagh, S., Fernandez, R.P., Singh, S., Bucci, S., Saiz-Lopez, A. 2023. Differences in
iodine chemistry over the Antarctic continent. Polar Science, 101014.

Mallet, M.D., Humphries, R.S., Fiddes, S.L., Alexander, S.P, Altieri, K., et al. 2023. Mallet, 2023.
Untangling the influence of Antarctic and Southern Ocean life on clouds. Elementa:
Science of the Anthropocene, 11:1.

Manwville, G., Bell T.G., Mulcahy J.P., Simé R., Gali M., et al. 2023. Global analysis of the controls on
seawater dimethylsulfide spatial variability. Biogeosciences, 20: 1813—-1828.

Murty, P.L.N., Kolukula, S.S. 2023. Future projections of storm surges and associated coastal
inundation along the east coast of India. Journal of Water and Climate Change, 14(5):
1413-1432.

Panda, P. P., Shukla, G., Kumar, A., Anirudhan A., Kaushik, A., Nayak, G., Matta, V. M. 2024.
Atmospheric deposition of mineral dust and associated nutrients over the Equatorial
Indian Ocean. Science of The Total Environment, 915: 169779.

Saiz-Lopez, A., Fernandez, R.P., Li, Q., Cuevas, C.A,, Fu, X., et al. 2023. Natural short-lived halogens
exert an indirect cooling effect on climate. Nature, 618: 967-973.

Sanil, K.V., Anusree, A. 2023. High waves measured during tropical cyclones in the coastal waters
of India. Ocean Engineering, 289 (Part 1): 116124.

Segato, D., Saiz-Lopez, A., Mahajan, A.S., Wang, F., Corella, J.P., et al. 2023.Arctic mercury flux
increased through the Last Glacial Termination with a warming climate. Nature
Geoscience, 16: 439-445.

Shukla, G., Sudheer, A. K., Gunthe, S. S., Beig, G., Kumar, A. 2023. Seasonal Variability in Fine
Particulate Matter Water Content and Estimated pH over a Coastal Region in the
Northeast Arabian Sea. Atmosphere, 14(2): 259.

Singh, U., Suresh, K., Prabhat, P., Rahaman, W., & Kumar, Ashwini. 2023. Geochemical tracing of
synoptic scale modern dust transport over the Northeast Arabian Sea during the
southwest monsoon. Science of the Total Environment, 893: 164438.

Tham, Y.J,, Sarnela, N., lyer, S., Li, Q., Angot, H., et al. 2023. Widespread detection of chlorine
oxyacids in the Arctic atmosphere. Nature Communications, 14: 1769.

Thandlam, V., Rahaman, H., Rutgersson, A. et al. 2023. Quantifying the role of antecedent
Southwestern Indian Ocean capacitance on the summer monsoon rainfall variability over
homogeneous regions of India. Scientific Reports, 13: 5553.



https://pubmed.ncbi.nlm.nih.gov/?term=Varghese+E&cauthor_id=38000750

Tinel, L., Abbatt, J.,, Saltzman E., Engel A., Fernandez R., et al. 2023. Impacts of ocean
biogeochemistry on atmospheric chemistry. Elementa: Science of the Anthropocene
11(1): 00032.

Tiwari, S., Kumar, H., Singh, S., Kumar, A. 2023. Current status of aerosol-cloud interactions and
their impact over the Northern Indian Ocean: A comprehensive review. Atmospheric
Research, 283: 106555.

Wagh, S.P., Joge, S.D., Singh S., Mali P., Beirle S., et al. 2023. Year-long ground-based observations
of bromine oxide over Bharati. Polar Science, 5: 100977.

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2023? If yes, who? How did you engage?

e As part of the Ocean Decade framework, INCOIS has proposed 'Decade Collaborative Centre
for Indian Ocean Region’ (DCC-IOR) which has been endorsed by Intergovernmental
Oceanographic Commission (I0C).

e Ministry of Earth Sciences (MoES), Govt. of India has constituted the National Decade
Coordination Committee (NDCC) to address Ocean Decade Actions at the national level by
providing scientific coordination and planning, identifying collaboration opportunities,
awareness raising and stakeholder engagement apart from interacting with the Decade
Coordination Unit at I0C.

PART 2 - Planned activities for 2024 and 2025

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. all information possible, dates, locations, teams, work, etc.).

e The 44 Indian Scientific Expedition to Antarctica has been proposed to be held in October-
November 2024 for field data collection and conducting laboratory-based experiments.

2. Events like conferences, workshops, meetings, summer schools, capacity building etc.
(incl. all information possible).

1. Second International Indian Ocean Expedition (IIOE-2) IIOE-2 Steering Committee Meeting No.
7 (IIOE-2 SC7), March 04 — 08, 2024, Lombok, Indonesia.

2. SOLAS Open Science Conference 2024, Hosted by CSIR - National Institute of Oceanography,
Goa, India. 10-14 November, 2024.

3. SOLAS India side meeting in hybrid mode during SOLAS Open Science Conference 2024.

4. SOLAS Science and Society Workshop during SOLAS Open Science Conference 2024.

3. Funded national and international projects/activities underway.

e The IIOE-2 committee has endorsed the KIOST Indian Ocean Study (KIOS): Korea-US Joint
Observation Study of the Indian Ocean led by Dr. Dong-Jin Kang (Pl/Chief Scientist, KIOST,
djocean@kiost.ac.kr), funded by the Ministry of Oceans and Fisheries, the Republic of Korea.
The KIOS program aims to understand the physical, biogeochemical, and ecological
characteristics of the open ocean upwelling region in the Indian Ocean in order to improve
the predictability of global climate change, which is well linked to the scientific themes of
IIOE-2 (ST-2; Boundary current dynamics, upwelling variability and ecosystem impacts, and
ST-4; Circulation, climate variability, and change). The KIOS Program will be conducting a
research cruise by R/V Isabu every year until 2026.

e “Polar Science and Cryosphere Research (PACER)” scheme is being implemented by MoES,
Govt. of India through NCPOR, Goa. Scientific projects under four sub-schemes viz., the
Antarctic Program, Indian Arctic Program, Indian Southern Ocean Program and Cryosphere
and Climate Program are underway.

e Climate Relevant Interactions and feedback studies (CRiceS) involving scientists from NCPOR,
Goa are underway to understand the key role of sea ice and snow in the polar and global




climate system.

4. Plans / ideas for future national or international projects, programmes, proposals, etc.
(please indicate the funding agencies and potential submission dates).

The Second International Indian Ocean Expedition (IIOE-2), a major global scientific program
which will engage the international scientific community in collaborative oceanographic and
atmospheric research from coastal environments to the deep sea will continue until 2025.

5. Engagements with other international projects, organisations, programmes, etc.

e The Global Ocean Biogeochemistry Array (GO-BGC; https://go-bgc.org) project funded by the US
National Science Foundation will deploy 500 BGC profiling floats as half of the planned 1000
float BGC-Argo array in the Indian Ocean. Over the past year, 17 floats have been deployed
equipped with oxygen, nitrate, pH, chlorophyll fluorescence and optical backscatter sensors
throughout the basin north of 30 °S. Eight more floats will be deployed on the GO-SHIP 105
cruise.

e The Southern Ocean Carbon and Climate Observations and Modeling (SOCCOM;
https://soccom.princeton.edu) project funded by the US NSF Office of Polar Programs has
deployed 44 BGC-Argo floats in the Indian Ocean sector of the Southern Ocean (25 °E to 120 °E)
since 2014. These floats have collected over 5000 vertical profiles from 30 °S, through the
seasonal ice zone, to the Antarctic margin. Twenty-one of these floats are currently operating
and the remainder has exhausted their batteries. Data from these floats is available with
automated and delayed quality control through the Argo data system and at the GO-BGC and
SOCCOM websites.
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