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Recent focus on wind-
driven Southern Ocean
upwelling and AMOC has
overshadowed the
essential roles of
diapycnal upwelling of
Intermediate, deep, and
bottom waters in the
Indian and Pacific
Oceans.

All basins contribute, In
almost equal parts, to
source waters of NADW.

Properties and heat
content of upwelled
waters depend strongly on
mixing and diffusion in the
Indian and Pacific
Oceans.

Important to decadal
variability.
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Indian Ocean Heat Gain: What is the role of heat export
across the open southern boundary?
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- Since 1998 Indian Ocean heat storage accounted for >30% of global ocean heat gain,

while only 12% of area. Increased heat flux into basin via Indonesian Throughflow due
to stronger Trade winds is implicated (Feng et al, 2011; Revelard & Sprintall, 2014;
Lee et al, 2015).

- Storage is concentrated in the southern 10 and is a balance of ITF import and export

via subtropical gyre and overturning at open southern boundary, plus basin-wide air-
sea flux.



Decadal SST: What is the role of heat export across the
open southern boundary?
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- Leading signal in decadal SST is uniform across the basin and influences climate
and extreme weather events for Indian Ocean rim countries (Han et al., 2014).

- In the North Atlantic, decadal SST (AMO) tied to subtropical overturning (AMOC)



Indian Ocean Heat flux sensitive to Agulhas Current
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Table 2
Sensitivity of circulation to the strength of the Agulhas Current

Large Agulhas after Medium Agulhas 1995 Small Agulhas 1996
Toole and Warren (1993) LADCP reference level LADCP reference level
Transport across Natal valley (Sv) — 794 — 60.5 — 50.2
Maximum transport of — 84.6 — 66.3 — 55.2

Agulhas Current (Sv)

Overturning circulation (Sv)

Overall Northward transport 25.0 20.1 18.6
below 2000 dbar
Through Natal valley 1.4 6.1 9.7
Across Mid-ocean east of 23.5 14.0 8.9
Mozambique Plateau
Heat flux (PW) — 1.00 —0.84 —0.77
Freshwater flux (x 10°kgs™1) 0.52 0.46 0.43
Silica flux (kmols™1) 1802 1332 1039

Ekman transport is taken to be 1.6 Sv at a temperature of 19.4°C, salinity of 35.7;
Indonesian Throughflow transport is taken to be 6.7 Sv at a temperature of 24°C, salinity of 34.5 following Toole and
Warren (1993).
Sensitivity to the strength of the Agulhas Current is estimated to be
for heat flux: 0.08 PW per 10 Sv of Agulhas Current transport
for freshwater flux: 0.03 x 10°kgs ™! per 10Sv of Agulhas Current transport
for silica flux: 260 kmols ™! per 10 Sv of Agulhas Current transport

- Inverse models using one-time trans-basin hydrographic data show basin-wide heat
transport is carried by overturning and sensitive to the size of the Agulhas Current
(Bryden & Beal, 2001; McDonagh et al, 2008).



Hypothesize decadal SST and heat storage related
to ITF AND IO heat export across open southern
boundary.

(Heat export includes basin-wide air-sea flux convergence,
which is difficult to measure directly)



Actionable Recommendations towards capturing
Indian Ocean Heat Export as part of IndOOS

- Observing system experiment: Across 34 S what time/space scales need to
be resolved to capture meridional heat transport?

- T, S, p, v within Agulhas Current at 10-50 km horizontal, 100 (upper)-1000
m(deep) vertical, and daily? temporal resolution, to full depth.

- T, S, p, v at single point off western Australia (~4000 m?) with same vertical
and temporal resolution: This forms a “geostrophic endpoint” mooring for
overturning, following principles of AMOC observing system.

- T,5,p,v at monthly, 200 km resolution across interior to capture gyre transport
and inflows of bottom waters.

- Silicates at decadal? resolution to help constrain overturning.

+ Sustained satellite observations of sea level and wind stress for barotropic
fluxes and Ekman transport.



Actionable Recommendations towards capturing
Indian Ocean Heat Export
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Components of an IMO Measuring System
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