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Possible mechanisms for Indian Ocean warming

feedback on Indian Ocean warming

hiatus

Role of Indonesian Throughflow on the Indian
Ocean warming

\_Indian Ocean warming

Role of surface circulation changes and its coupled

Indian Ocean response to the recent global warming

Meridional Overturning circulation on accelerating
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U Annual mean
southeasterly trade in
south 10 and westerlies
at equator induces a
cyclonic curl in SWIO
which  manifests a
unique open ocean
upwelling zone in SWIO
(5° to 15°S and 50° to
80°E) and characterized
by Shallow thermocline

(Known as thermocline
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ridge in Indian ocean).




( Ocean response (in thermocline depth or SSHA)
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Rate of upwelling

Rate of Upwelling
North of equator(40E—SSE, 0—20N)
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| @ Upwelling at 110m depth, well

below the tropical mixed layer

@ Computed in upwelling regions
south and north of equator

| @ Increasing upwelling strength is

well evident in SODA.

Upwelling in the south




Helmholtz decomposition of ocean currents

[ Compute vorticity(() I
from currents (V=0
V=V+ Vp for land points)
[ Compute vorticity solve Poissons
A from the new V, Equation to get ¢
Vr — k X Vl,b Vp —_— V¢ 4 -

Poissons Equation

points to zero

reset V, at coastal Compute rotational
component V; from ¢

V2¢=C where C=§-VxV

V26=D where D=V-V

Ve

Overturning streamfunction
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om(z) = [ vp(z)dz
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Model captures these epochal changes ....

Surface circulation pattern

MOMS5
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First EOF of stream function (after
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Coupled feedback mechanism \

Surface winds




/ Hiatus anomaly La Nina anomaly comp Ueda et al. 2015, \
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North Indian Ocean warming

c) North Indian Ocean trend (Upper 700m) (40E-110E,Eq—30N)
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/Global ocean heat content (700m)

Global OHC, (102 1)

Indian OHC 700 (1022])
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Vertical structure of temperature trends
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Indonesian Through Flow
can modulate Indian Ocean k
temperature
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Sea level anomaly trend(mm/year) 1959-2008
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Indian Ocean Meridional Overturning structure

Heat loss to aimosphere Heat gain by ccean

T T
Easterly wind Westerly wind @ Meridional Overturning circulation

om S—— B e com O‘ >N redistributes the heat received in

om| [ Eomntor ] | tropics to mid latitudes and maintains
£ arieds e the net heat balance of oceans.
§ @ If MOC is weakening, it can support

<o S surface warming, as heat redistribution

e from tropical ocean will be reduced.

Desper ocean below the thermocine

@ Shallow cell South of equator (SEC) and a deeper Cross Equatorial Cell (CEC) in
TIO.

@ Subducted water in the south is transported mainly by the South equatorial
currents and is brought to surface by net upwelling over north

@ SEC- Upwelling from deep ocean due to Ekman divergence near 10°S while CEC
upwelling is maily in sunmmer months over Arabian Sea.
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SUMMARY A

Indian Ocean warming trends can not be explained by net heat flux
Recent Indian Ocean warming pattern is not associated with the
atmospheric teleconnections, and ocean dynamics plays an important
role
Changing surface circulation patterns explains the recent
IO warming trends to a large extent
Cooling in the western IO due to changing ocean dynamics is overcome
by positive net heat flux
Recent increase in ITF explains subsurface warming trends in the
southern TIO

The equatorial Indian Ocean forcing affects ITF and then to the

\ subsurface warming in the south J
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We nﬂmmmdel to understand the Indian Ocean warmmg
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