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Oxygen Changes in the Ocean 
(1960-2010)

4 Global deoxygenation with 2% 
reduction since 1960s

4 Different pattern in upper and 
deep ocean

4 Models have still difficulties to 
reproduce observed pattern

2Schmidtko et al. 2017; Oschlies et al. 2018



Oxygen Change in the Ocean 
(1960-2010)

4 Deoxygenation particularly in tropical oxygen minimum 
zones

4 Since 2006 focus on 23°W section



 

4  

4Hahn et al. 2017

4 Meridional eddy supply is the 
dominant term in the OMZ core; 
contribution from diapycnal mixing

4 Residuum mostly zonal advection
4 Upper 300m dominated by advection
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Brandt et al. 2015
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4 Oxygen changes most 
likely associated with 
circulation changes

2006-2018 trend from
15 oxygen sections

 

PIRATA oxygen
timeseries:
11.5°N, 23°W

*
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4 Oxygen changes most 
likely associated with 
circulation changes

2006-2018 trend from
15 oxygen sections

PIRATA oxygen
timeseries:
0°N, 23°W

*
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4 Oxygen changes most 
likely associated with 
circulation changes

Period 1 (2006-2010) 
10 velocity sections
Period 2 (2011-2018) 
8 velocity sections 

2006-2018 trend from
15 oxygen sections



Trans-Atlantic Equatorial Cruise 1 
(Sep./Oct. 2019)
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Brandt et al. 2021



 

4 Long-term current-meter mooring since 2001 in 
cooperation with PIRATA-France

4 Equatorial Undercurrent, Equatorial Deep Jets, 
intra-seasonal
waves,
TIWs,
seasonal
cycle
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Observations of EUC and 
Ekman Divergence

4 10-year strengthening (2008-2018) of equatorial zonal 
velocity in the depth range from 100-200 m

Zonal Velocity Anomaly 

Brandt et al. 2021



EUC Transport and Ekman 
Divergence

4 10-year strengthening (2008-2018) of equatorial zonal 
velocity in the depth range from 100-200 m

4 Transport of the Equatorial Undercurrent (calculated 
following Brandt et al. 2014) increases by more than 20%

Brandt et al. 2021



EUC Transport and Ekman 
Divergence

4 10-year strengthening (2008-2018) of equatorial zonal 
velocity in the depth range from 100-200 m

4 Transport of the Equatorial Undercurrent (calculated 
following Brandt et al. 2014) increases by more than 20%

4 Mainly driven by an 
intensification of the 
trade winds in the 
tropical North Atlantic

Brandt et al. 2021



EUC Transport and Ekman 
Divergence

4 Different wind products 
show trend in Ekman 
divergence

4 Large variability between 
different products: 
trends are uncertain

4 Observations of 
wind-driven circulation
might help
constraining wind-
forced ocean
simulation  

Brandt et al. 2021



Habitat of Tropical Pelagic Fish

4 Electronic tagging data reveal habitat 
of blue marlin

4 Habitat defined by surface 
oxygenated layer decrease 
(1960-2009) due to expansion of 
low-oxygen regions particularly at 
the equator 
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Stramma et al. 2012



Multi-decadal Variability of Surface 
Oxygenated Layer Thickness
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Summary/Discussion

4 Realism of equatorial circulation is critical for mean oxygen but also for 
long-term variability (Duteil et al., 2014a; Busecke et al., 2019)

4 AMV likely play an important role via northern hemisphere forcing (e.g. 
Frajka-Williams et al., 2017); southern hemisphere forcing important 
during other periods (Tuchen et al., 2020)

4 Large uncertainties of wind forcing on interannual to decadal timescales 
(Ramon et al. 2019); circulation variability could help to evaluate wind 
products used in forced ocean model simulations

4 Duteil et al. (2014b): STC variability, role of enhanced productivity
4 Roch et al. (2021, in preparation) decadal trend of primary productivity
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Net Primary Productivity
2006-2019

Mean and trend of net primary production (NPP) deduced from satellite observations from 
Ocean Productivity site for the time period of 2006-2019.

Roch et al. 2021, in preparation



Summary/Discussion

4 Realism of equatorial circulation is critical for mean oxygen but also for 
long-term variability (Duteil et al., 2014a; Busecke et al., 2019)

4 AMV likely play an important role via northern hemisphere forcing (e.g. 
Frajka-Williams et al., 2017); southern hemisphere forcing important 
during other periods (Tuchen et al., 2020)

4 Large uncertainties of wind forcing on interannual to decadal timescales 
(Ramon et al. 2019); circulation variability could help to evaluate wind 
products used in forced ocean model simulations

4 Duteil et al. (2014b): STC variability, role of enhanced productivity
4 Roch et al. (2021, in preparation) decadal trend of primary productivity
4 Mislan et al. (2017) Tuna habitat development under climate warming 

(also Hollowed et al., 2013); altered predator-prey relationships, 
assessment of overfishing, changing fishing effort

4 Upwelling regions crucial for air-sea oxygen flux (Eddebar et al., 2017) 
due to anomalous ocean oxygen outgassing under increased 
subsurface oxygen levels (Oschlies et al. 2018)
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Mechanisms of Thermocline Oxygen 
Changes 

Oschlies et al. 2018
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