
Transports and pathways of the tropical AMOC return 
flow from Argo data and shipboard velocity 

measurements
Franz Philip Tuchen, Peter Brandt, Joke F. Lübbecke, Rebecca Hummels

(Journal of Geophysical Research: Oceans, 2022, 127, e2021JC018115, https://doi.org/10.1029/2021JC018115)

https://doi.org/10.1029/2021JC018115


Tropical segment of the AMOC
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Bower et al. (2019)

Tropical Atlantic: 
Ø Both AMOC branches concentrated at the western boundary
Ø Western boundary circulation consists of :

Ø Thermohaline Circulation (THC)
Ø Wind-driven Circulation

Ø Subtropical Cells (STCs)
Ø Sverdrup compensation transport
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Roemmich (1983): 
” The calculation shows 6 Sv of layer 2 water from the Southern Hemisphere being 
upwelled, converted to layer 1 water, and then swept northward.”



Argo and ship section mean
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Ø Revisiting and quantifying the diapycnal transport within the tropics into the STC layer from below
Ø High-resolution (1/6°) Argo mean (Roemmich & Gilson, 2009)
Ø Validation against repeated ship section along 11°S	(Schott et al. 2005, Hummels et al. 2015)
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Ø Very good agreement between
high-resolution Argo data and
ship section data

Ø Substantial underestimation by
lower-resolved (1°x1°) data

Ø Similar at 10°N, but no
comparable reference
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Ø Very good agreement between
high-resolution Argo data and
ship section data

Ø Substantial underestimation by
lower-resolved (1°x1°) data

Ø Similar at 10°N, but no
comparable reference

Ø Very good agreement
between differently
resolved Argo products

Ø Resolution more crucial
at the western boundary
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Transports and pathways
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Ø Especially, close to the equator we rely on
shipboard measurements (geostrophic
balance does not hold)
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AMOC return flow: Summary
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Key Points
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• Observed Atlantic western boundary mean transport of the upper 1,200 m at 11°S is 
realistically reproduced from high-resolution Argo data and satellite wind stress data

(so far Argo products were struggling to reproduce the western boundary circulation)
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• Observed Atlantic western boundary mean transport of the upper 1,200 m at 11°S is 
realistically reproduced from high-resolution Argo data and satellite wind stress data

(so far Argo products were struggling to reproduce the western boundary circulation)
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• Diapycnal transport estimates from high-resolution Argo data show upwelling of 2 Sv
into the tropical Atlantic thermocline layer (about a third of previous estimates)

(important term in STC estimates to close the transport budget and to address other uncertainties)
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• Observed Atlantic western boundary mean transport of the upper 1,200 m at 11°S is 
realistically reproduced from high-resolution Argo data and satellite wind stress data

(so far Argo products were struggling to reproduce the western boundary circulation)
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• Diapycnal transport estimates from high-resolution Argo data show upwelling of 2 Sv
into the tropical Atlantic thermocline layer (about a third of previous estimates)

(important term in STC estimates to close the transport budget and to address other uncertainties)

• Combining shipboard measurements with Argo data, an overview of the 
observed transports and pathways of the AMOC return flow is provided

(so far this has been limited to (Lagrangian) model studies or drifter data at the surface)
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Thank you for your attention
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Questions:
franz.philip.tuchen@noaa.gov

Ø Thanks to all the scientists and technicians who collected the
shipboard current velocity measurements along the four sections

Ø Thanks to the Argo program for providing the fundamental base
for such studies
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Transports and pathways
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Diapycnal upwelling into the STC layer
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Roemmich (1983): 
” The calculation shows 6 x 106 m3 s-1 of layer 2 water from the Southern Hemisphere being upwelled, converted to layer 1 
water, and then swept northward.”

Lux et al. (2001): 
”The equatorial Ekman divergence drives a conversion of 
Thermocline Water (24.58 ≤ 𝜎! < 26.75) into Surface Water 
(𝜎! < 24.58) of 7.5 x 106 m3 s-1 ,…”
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Hazeleger & Drijfhout (2006)

Further discussion on upwelling

Transports and pathways of the tropical AMOC return flow from observations | Franz Philip Tuchen | US AMOC Science Team Meeting (Apr 25, 2022) 43

Zhang et al. (2003)

16 = 10 STC (6 WB + 4 INT) + 6 THC upwelling (Roemmich 1983)

Ø High-resolution Argo data suggests smaller contribution by THC upwelling

Ø 5.5 Sv THC upwelling, BUT recirculation in the STCs



More on the Subtropical Cells …
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Sverdrup stream function
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Argo sections
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