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The equatorial regions of the Atlantic and Pacific oceans are important for many 
aspects of the Earth’s system. They receive large amounts of heat by the sun that has 
to be redistributed horizontally and vertically. At the same time, they host very 
productive marine ecosystems that are responsible for a concentrated carbon flux 
into the deep ocean. While in the equatorial Pacific Ocean interannual climate 
modes, i.e. the El Niño/Southern Oscillation, dominate the variability, due to its 
smaller size, the Atlantic Ocean shows strongest variability on seasonal time scales. 
During boreal summer, the northward migration of the Atlantic intertropical 
convergence zone results in strongly enhanced easterlies along the equator that 
drive equatorial upwelling and result in the establishment of the Atlantic cold 
tongue (ACT) in the eastern equatorial Atlantic. While the upwelling is associated 
with vertical advection of nutrients, vertical mixing is required to transport 
nutrients into the surface mixed layer. The main supply route of nutrients toward 
the equatorial upwelling is the Atlantic Equatorial Undercurrent (EUC) transporting 
thermocline water eastward. The shear zone between the core of the EUC and the 
westward surface flow sets the background condition for intense vertical mixing. 
The EUC undergoes a distinct seasonal cycle characterized by an annual vertical 
displacement of its core, which is deepest in boreal autumn and shallowest in boreal 
spring, and a semiannual cycle of its core speed with maxima of the eastward 
velocity in boreal spring and autumn. This seasonal variability is linked to resonant 
oscillations of the equatorial Atlantic basin excited by the wind stress. The mixing 
forced by the shear above the EUC together with seasonal changes in the depth of 
the thermocline and nitracline drives the seasonality of mixed layer heat and 
freshwater budgets as well as of upward nutrient supply. Here, we report about 
hydrographic, velocity and microstructure measurements taken during two 
research cruises along the equator from about 2°E near the African continent to the 
western boundary off Brazil. The cruises were carried out in Oct./Nov. 2019 and in 
Apr./May 2022. We encountered the beginning of the warming phase after the ACT 
period with minimum sea surface temperature (SST) during the first and high SST 
during the second cruise. We observed similar EUC velocities well above 1 m/s 
during both cruises, but at different depths with the EUC core being at ~60 m in 
Apr./May 2022 and at ~90 m in Oct./Nov. 2019. Despite strong shear and enhanced 
mixing above the EUC core in Apr./May 2022, weak mixed layer cooling and upward 



nutrient supply resulted because thermocline and nitracline were located below the 
EUC core that act as a barrier to the vertical exchange. Weaker mixing in Oct./Nov. 
2019 still supported upward nutrient supply fueling biological productivity after its 
seasonal peak during the ACT period. These results are set into the context of other 
measurements taken during the last two decades in the equatorial Atlantic allowing 
to refine the dynamical understanding of Atlantic equatorial upwelling and the 
timing of biological productivity associated with vertical nutrient supply by 
advection and mixing.  


