
Bramble Cay Melomy is the first 

species to be extinct due to 

anthropogenic climate change

Sea level rise of 7mm/year (more

than twice the global average), 

coupled with extreme tides and 

storm surges inundated its small 

sand island habitat, driving the 

species to extinction

IPCC report cautions that the rate of 

future sea level rise is much larger 

than that in the past.

This do not get reported…



…but this does



Climate Change 
receives less attention 
and priority in 
mainstream media
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Climate Change Impacts

in the Indian Ocean region
— and how to get the message 

across to the policy makers

CLIVAR IORP/POGO Regional training workshop on observing the western Indian Ocean



Normal Ocean Temperatures Change in Ocean Temperatures

Locusts

Locust swarms started in 

East Africa following 

heavy rains of 2018-2019.

Western Indian Ocean 

warming activated storms 

and rains in this region. 

This triggered vegetation 

over the deserts.

Credits: Saurabh Kalia
Jaipur, Rajasthan

Indian Ocean warming and Locust Swarms

Roxy et al. J. Climate 2014; Salih et al. Nature Climate Change 2020



Indian Ocean is warming at a rapid pace

IPCC AR6
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Impacts over the Indian Ocean Region

Climate Change and Indian Ocean warming 
is directly affecting the

Food, Water, Energy, and Economic Security 
of Africa, Asia, and Australia



Guide to Indian Ocean temperatures during your lifetime

CMIP6 Projections

The observed Indian Ocean warming has been rapid and large.

These SST changes are dwarfed by the projected surface warming of 

3degC between 2020 and end of the century.

It is not just our children or our grand children that will face the drastic 

impacts of climate change. We ourselves would see it in the last few 

years of our life!



Why focus on the Indian Ocean?

Map based on population



Sea Level Rise

Collins et al. IPCC SROCC 2019; Beal et al. BAMS 2019



Marine Heatwaves — by definition

Marine heatwaves are periods of 

extremely high temperatures in the ocean 

(above the 90th percentile).

These events cause marine habitat destruction 

due to coral bleaching, seagrass destruction, 

and loss of kelp forests, affecting the fisheries 

sector adversely.
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Marine heatwaves lead to extensive coral bleaching

SSTs during marine heatwavesSSTs — mean conditions

Corals have a mucus membrane — known as 

zooxanthellae — which acts as their shield and 

gives the color. Warm temperatures bleach it 

away.

These marine heat waves led to coral 

bleaching in the Bay of Bengal.



Marine heatwaves and cyclones
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Cyclone

Amphan

Roxy Mathew Koll

extreme high sea surface temperatures

precede intense cyclones,

favoring their rapid intensification

intense cyclone winds are followed by

strong cooling of up to 4°C
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Marine Heatwaves and Cyclones

In-situ observations show much  higher temperatures.

Bay of Bengal recorded 

surface temperatures of 

32-34°C, before Cyclone 

Amphan. 

We have never seen such 
high values until now. 



Ocean temperatures 

during the cyclones

Cyclone 

Amphan

Cyclone 

Nisarga

Ocean temperatures 

normally during this time

Cyclones are intensifying rapidly now. 

Amphan intensified from Cat1 to Cat 

5 cyclone in 18 hours.

Extremely high temperatures, 

characteristic of a marine heat wave, 

riding on a global warming 

background, supercharged these 

cyclones

Rapid Intensification of Cyclones

NASA Images / OISST; Singh et al. Current Science 2020; Singh et al. SciRep. 2021



Marine Heatwaves in the Future — permanent marine heatwave state

Indian Ocean is reaching a 

permanent marine heatwave state



Rising temperatures impact the marine productivity

Roxy et al. GRL 2016; Goes et al. Science 2005

Surface warming increases 

stratification, preventing 

mixing of nutrients, reducing 

marine productivity



Annual catch rates of tuna (N/100 hooks) in the Indian Ocean
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Tuna catch rates have declined over 

time (1950–2015).

Largely due to largescale industrial 

fishing.

But ocean warming and consequent 

decrease in phytoplankton 

production is an added stressor in 

the Indian Ocean

Sardine catch rates are projected to 

decline in the future (2020–2100).

By 20–60%

Fisheries decline under Climate Change

ICAR – Central Marine Fisheries Research Institute



Bramble Cay Melomy is the first species to 

be extinct due to anthropogenic climate 

change. 

Sea level rise 

inundated the 

east Indian Ocean 

island where 

they lived.

Visible Impacts of Sea Level Rise in the Indian Ocean



Indian Ocean warming impacts the global climate



How do we monitor and forecast these changes?

Beal et al. BAMS 2020; Hermes et al. Frontiers in Marine Science 2019



Indian Ocean Observing System

Beal et al. BAMS 2020; Hermes et al. Frontiers in Marine Science 2019



Sustained observations in the Indian Ocean

Beal et al. BAMS 2020; Hermes et al. Frontiers in Marine Science 2019

#1 Recommendation:

Expand into the western Indian Ocean and the Arabian Sea



Regional Partnership

Beal et al. BAMS 2020; Hermes et al. Frontiers in Marine Science 2019

There is a need for increased 

investment and stronger 

partnerships with Indian Ocean 

rim countries and end-users, 

along with improved data 

sharing and commitments to 

best practices.



RAMA-OMNI Coordination
RAMA-OMNI coordination in the Indian Ocean

o Tier-I priority from the IndOOS-2 report 

Timeline

o Mar 2018: communication initiated between NOAA, 

INCOIS and NIOT through IORP

o June 2018: announcement from MoES, India

o Mar 2020: combined dataset

o 2021: should be complete and available in public domain

Way forward:

o Access to EEZ

o More Regional Partnerships



Cyclone 

Amphan

Marine Heatwave preceding Cyclone Amphan

90th percentile

mean SST

Opportunity:
IndOOS picked up the high temperatures 
(SSTs at 31-32C, marine heat wave) preceding the cyclone

NIOT/INCOIS



Dissemination of the Impacts through Media



At the Parliament!



IndOOS Resource Forum, for implementing IndOOS-2

Indian Ocean Region Panel

IndOOS Resource Forum

IndOOS Resource Forum (IRF) and IIOE2 can 
facilitate the implementation of IndOOS-2 
recommendations, and maximize the use of the 
existing resources



Some of the collaborators in this work

Thank You

Climate Research Lab @ IITM Indian Ocean Network

IPCC Team

UN Decade of Ocean




