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Enhanced Indian Ocean Warming 

The tropical Indian Ocean (TIO) has experienced enhanced surface warming. 
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▪  Strengthened positive phase of  NAO (Hoerling et al. 2001) 

▪  Reduced Sahel rainfall (Lu et al. 2005) 

▪  Enhanced Pacific Walker Circulation (Luo et al. 2012)

▪  The occurrence of a NAWH (Hu et al. 2020)

▪  Intensified AMOC (Hu et al. 2019)

NAO: North Atlantic Oscillation; NAWH: North Atlantic Warming Hole; AMOC: Atlantic Meridional Overturning Circulation   

Climate impacts of TIO warming:



• CESM1 all forcing (ALL) underestimates the observed tropical-mean SST trend. 

• The enhanced TIO warming relative to the tropical mean is a robust feature.

CESM1 can capture TIO relative warming
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CESM1 can capture Tropical Indian Ocean(TIO) relative warming

• CESM1 underestimates TIO absolute warming

• CESM1 has TIO enhanced warming as observations

3Relative SST = absolute SST - tropical-mean SST
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• CESM1 performs well in TIO relative warming



Tropical SST response to historical BMB changes

• BMB is as important as GHG and AER for tropical warming pattern formation.
• BMB is the main driver of the TIO relative warming in the historical period. 
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ALL: all forcing                                                       
GHG: greenhouse gases
AAER: anthropogenic aerosols                               
BMB: biomass burning aerosols 



Tropical SST response to historical BMB changes

• BMB contributes little to the absolute TIO SST trend but acts as the most important radiative forcing 
for the TIO relative warming.

• GHG and AAER are two leading factors for TIO absolute SST changes, but not for TIO relative SST. 5
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1925-2005 tropical relative SST trends TIO forcing decomposition analysis 

• Relative SST = absolute SST - tropical-mean SST
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BMB-induced AOD variations in specific regions1925-2005 BMB-induced AOD trends

AOD: Aerosol optical depth  

BMB changes in the historical period
1925-2005 BMB-induced tropical relative SST trends 



Mechanisms of BMB-induced TIO relative warming

(Follow Zhang et al. 2020)

Heat budget analysis:
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Regional impacts of BMB-induced TIO relative warming

climatological rainfall (contours; mm/d)

BMB-induced ocean salinity trends

• The TIO relative warming leads to a significant increase of rainfall over most of the TIO.

• The TIO becomes fresher while the western Pacific becomes saltier.
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Global impacts of BMB-induced TIO relative warming

climatological 850 mb zonal wind (contours; m/s) 

BMB-induced rainfall trends 

The BMB-induced changes in the North Atlantic jet and the associated European 
rainfall pattern suggest a shift toward the positive NAO phase.
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ba BMB-induced 850 mb zonal wind trends 



Summary

•  BMB is the dominant contributor to the forced component of TIO relative warming in 

CESM1, at least compared to GHG and AER. 

• The BMB-induced tropical rainfall changes may in turn cause a positive NAO phase via 

atmospheric teleconnections.

• There exists an urgent need to accurately represent the chemical, microphysical, and 

radiative properties of BMB aerosols in GCMs. 

11Yiqun Tian: yiqun.tian@duke.edu



Supplementary plots



CESM2 CESM1



a b

c

d

fe



a b

c

d

fe

hg

ji





a

b

c

e

d

f



a b



a b

dc



c

b

a



a

c d

bBMB



a

dc

bALL



ba

c d fe




