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Warming of the climate system is unequivocal 

IPCC, AR5, 2013 



Ø  1% atmosphere 

Ø  3% soils 

Ø  3% glacier melt  

Ø  93% oceans 

Where all that Heat is getting Accumulated?  

IPCC, AR5, 2013 



Our oceans …….. 

Contains 96% of the living space on Earth 


Has 80% Earth’s living organisms


Covers 71% of the Earth 


Almost half of the oxygen we breath is produced 
by ocean plants


Fish provide 4.2 billion people with at least 15% of 
their animal protein


90% of the world trade is carried across the ocean 


Holds an estimated 80% of Earth’s mineral 
resources










Changes in sea level 

It is very likely that the mean rate 
was 1.7 [1.5 to 1.9] mm yr–1 between 
1901 and 2010 and increased to 3.2 
[2.8 to 3.6] mm yr–1 between 1993 
and 2010  (IPCC AR 5) 

It is virtually certain that upper 
ocean (0 to 700 m) heat content 
increased during the relatively well-
sampled 40-year period from 1971 
to 2010  (IPCC AR 5). 

Warming Oceans and raising sea levels  



There seems to be a distinct change in the the sea level raise in 
the North Indian Ocean (NIO, north of 5oS) between 1993-2003 

and 2004-3013 (decadal trend?)  

 

 

Srinivasu et 
al., 2017  
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Indian Ocean is warming rapidly in the recent 
decade at a rate of 2.1 × 1022 J per decade 

Heat content in the top 700 m water 
column of Indian Ocean. Green 

curve shows the simulated heat 

contetnt using NCAR Community 

Earth System Model forced by real-

time surface flux fields and the 
yellow curve shows the solutions 

forced by the climatological flux. 

Net heat flux decreased 
during 2003-2012. 

Suggesting that net heat 

gain by the Indian Ocean 

must be transported from 

other basins. 

Lee et al., Nature Geo., 2015 



Warming Indian Ocean 

~	0.10	˚C	decade-1	

If  we assume that that  heat will be used to warm/cool the mixed layer of  the ocean, the
0.037 PW  yr-1 decrease should cool the mixed layer at the rate of  0.01 ˚Cyr-1.   

The	net	heat	flux	decreased	at	the	rate	of	0.037	

PWyr-1(NOCS)		and	0.021	PWyr-1(Tropflux)	

Linear trends in atmospheric flux 

Rohit and Shenoi (2013) 



Lee et al. (2015) suggests that the surplus heat flux 

over the Pacific get transported into the southern Indian 

Ocean through Indian Ocean throughflow. 

Mechanisms of Indian Ocean warming 

Veronical et al., Science, 2015 

Indian Ocean Pacific Ocean 



Mechanisms of the Indian Ocean warming 

SODA ORAS4 

Warming trend in the central EIO is due to enhanced westerlies and thus 

deepening of the MLD in the equatorial Indian Ocean. 

Westerly winds (averaged over 60-80E/2.5S-2.5N) enhanced by 

about 1.0 m s-1 during 1950-2008.  

MLD depened by 1 m per decade in the Central and Eastern EIO 

Rahul and Gnanaseelan (2015) 



CEC transports subsurface water 

from the south Indian Ocean (IO) 

to the surface of north-western IO 

Zonally averaged meridional velocity 

from CORE-II simulations shows 

cross equatorial cells (CECs) 

Courtesy: Abhisek Chatterjee, INCOIS  

Is there a roll for the Cross-Equatorial Cell in the 

perceived warming ? 



Intensification of the tropical cyclone shown by the 
maximum wind speed of each pre-monsoon Arabian Sea 

tropical cyclones. 

Intensification of cyclones in the Arabian Sea 

Wang et al. (2012) 



Decreasing number of  monsson depressions over the 

Bay of  Bengal 

 
 

•  A quantitative estimate of the relative contribution of each of the 

environmental variables responsible for the variation in the number of MD 

shows that decreasing trend in mid-tropospheric humidity (primary 

contribution, 62%) and Potential Intensity (PI) (secondary contribution, 

21%) leads to the decreasing trend in MD. 

Number of MD days The trend lines are at confidence level 99%. 

 

The amount of seaonal total rainfall over central India (mm season-1) 

Vishnu et al 2015 

62% 
Relative humidity 

Potential Intensity 

Relative Vorticity Wind Shear 

21% 

The GPI 



Guhathakurta and 

Rajeevan (2007) 

Climate change and changing monsoonal rainfall patterns 



Warming	of	the	north	Indian	Ocean	leads	to	decrease	in	

produc6vity	over	the	large	part	of	the	Arabian	Sea 

Roxy et al.., GRL, 2015 

Recently, Roxy et al. (GRL, 2015) 

identified that the summer monsoon Chl 

productivity decreased by ~30% in the 

last two decades. They attributed this 

decrease to the western IO warming, 

which in turn makes the ocean more 

stratified and reduces nutrient pumping 

to the surface layer.   



Are we running out of oxygen in our oceans? 

Breitburg et al., 2017 















Warming	oceans	leads	to	acidifica6on	of	waters	

Goal of Paris agreement 

Where we have been heading 
to “business as usual” 

Current indicative 
national contributions 

	Model-based	hindcasts	and	projec6ons	of	global	sea	surface	pH	change	over	

1870-2100,	with	projec6ons	based	on	IPCC	Representa6ve	Concentra6on	Pathways	

(RCPs)	and	related	to	outcomes	of	the	Paris	Agreement.	All	changes	are	rela6ve	to	

1990-1999	(Bopp	et	al.,	2013).	

Present state 



17 SDGs to transform our world: Agenda 2030 



Building the future of Earth’s climate towards 
sustainability, habitability and well-being 



Thank	You 


