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Fig.2: Global Ocean heat transport by 
hydrographic measurements (Lumpkin & 
Speer, 2007)

• Coupled Model 
Intercomparison Project phase 
6 (CMIP6)

• We examine the historical and 
SSP585 simulations from 8 
coupled general circulation 
models (CGCMs) participating in 
the Coupled Model 
Intercomparison Project phase 6 
(CMIP6)

1. ACCESS-CM2
2. CMCC-ESM2
3. FGOALS-f3-L
4. MIROC6
5. BCC-CSM2-MR
6. CanESM5
7. CAMS-CSM1-0
8. EC-Earth3
• ECMWF-Ocean Reanalysis 

System 5 (ORAS5)

• ECMWF-ERA -5

• NOAA Optimum 
Interpolation (OI) SST V2

Ocean Heat transport Calculation

We can directly calculate ocean heat transport by

Ocean heat transport (OHT) = 𝝆𝒄𝒑 ∫ ∫ 𝒗𝑻 𝒅𝒙 𝒅𝒛
(1)

𝑐" is the specific heat capacity of dry air, 𝜌 is the
density of ocean, as a constant(Hall&Bryden,1982)
T is Potential temperature (effect of pressure
removed)
𝑣 is Meridional velocity

OHT measured in petawatts which is large amount of
power. Petawatts is 10^15 watts.

Indian Ocean OHT by removing Indonesian
Throughflow:

Indonesian Through Flow Component (ITF) =
- 𝝆𝒄𝒑 ∬𝟏𝟏𝟓°𝑬𝒖𝑻 𝒅𝒚 𝒅𝒛 .

(2)

The 115°E meridional section between the northern
Australia and Indonesia is selected so as to include
the westward ITF transport

To remove ITF contribution from meridional heat
transport, modified eq.1 by subtracting eq.2 from eq.1

𝐼𝑛𝑑𝑖𝑎𝑛 𝑂𝑐𝑒𝑎𝑛 𝐻𝑒𝑎𝑡 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 without ITF =

𝝆𝒄𝒑 ∫ ∫ 𝒗𝑻 𝒅𝒙 𝒅𝒛– [- 𝝆𝒄𝒑 ∬𝟏𝟏𝟓°𝑬𝒖𝑻 𝒅𝒚 𝒅𝒛 ]. (3)

Why do we care about ocean heat transport?

• Heat transport by the ocean and atmosphere
balances the excess energy absorbed at the
equator and the deficit at the poles.

• The ocean absorbed more than 90% of excess
heat due to global warming.

• Natural and anthropogenic changes in Indian
Ocean meridional heat transport (OHT) drive
climate and ecosystem impacts though
alterations in ocean temperature.

• A relative warming of the Indian Ocean as
compared to other ocean basins can mediate
climate through changes in the Atlantic
meridional overturning circulation and sea
surface temperatures and through modulation
of the Pacific Walker circulation.

• The Indian Ocean has a significant cross-
equatorial meridional heat transport due to the
influence of monsoon activities
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• The post-monsoon SST shows a positive correlation with OHT during the
summer monsoon in western IO and negatively correlated in the southern-
eastern IO.

• Furthermore, it reveals that OHT during summer monsoon explains the
dipole pattern of SST during post-monsoon over the IO.

• Precipitation precipitation also decreases during post monsoon months in
Eastern Indian Ocean and increases in the western Indian Ocean as a
response to OHT in summer monsoon Months.

Indian Ocean heat transport in ORAS5 and its role in the development 
of SST pattern in post-monsoon

Dipole Mode Index (DMI)

Intensity of the Indian Ocean Dipole 
(IOD) is represented by anomalous 
SST gradient between the western 
equatorial Indian Ocean (50E-70E 
and 10S-10N) and the south-eastern 
equatorial Indian Ocean (90E-110E 
and 10S-0N). This gradient is named 
as Dipole Mode Index (DMI).

Fig.3: The regression coefficients of the 
SST and surface winds (OND) onto the 
OHT (JJAS) (Stippling denotes 95% 
significance level)

Indian Ocean heat transport in CMIP6 models and its role in the 
development of SST pattern in post-monsoon

Fig.9: The regression of the SST(OND) on 
DMI(OND) over the Indian ocean (CMIP6)

Fig.5: Mean OHT across 10S

Fig.6: Intermodal spread and multi-
mean of CMIP6 models

Fig. 10: a)total number of days of MHW, b)Averaged maximum intensity of MHWs ,c)Count 
of MHWs

MHW characteristics during OND in the Indian 
Ocean using OISST daily data
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Fig.8: The regression coefficients of the 
precipitation and 850hpa winds (OND) onto 
the OHT (JJAS) (Stippling denotes 95% 
significance level)

Fig.7: The regression coefficients of the SST and 
surface winds (OND) onto the OHT (JJAS) 
(Stippling denotes 95% significance level)

Fig.4: The regression of the 
SST(OND) on DMI(OND) over the 
Indian ocean

Fig.1: 
IPCC AR5
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