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Decoding Material Fluxes in the Tropical Ocean 
Turbulent processes provide important contribution to oxygen supply 
 
August 2, 2013 / Kiel. How is vital oxygen supplied to the tropical ocean? For the first time, 
oceanographers at GEOMAR Helmholtz Centre for Ocean Research Kiel were able to make 
quantitative statements regarding this question. They showed that about one third of the 
oxygen supply in these areas is provided by turbulent processes, such as eddies or internal 
waves. The study, conducted in the framework of the Collaborative Research Center SFB 
754 "Climate-Biogeochemistry Interactions in the Tropical Ocean", was just published in the 
international journal Biogeosciences. 
 
In many areas of the tropical oceans, oxygen is in rather short supply. In the Indian Ocean, the 
eastern Pacific and the Atlantic Ocean off the coast of West Africa, at depths of several hundred 
meters, there are vast areas with very low oxygen levels, so-called oxygen minimum zones (OMZ). 
These have been the focus of scientists in Kiel for a number of years. Using modern measurement 
techniques, they were now able to quantify for the first time which of the processes are important 
for the oxygen supply to these areas, the so-called ventilation. Thus far, oceanographers had 
assumed that the dissolved oxygen in the ocean would slowly penetrate from the surface layers to 
greater depths through large-scale processes. Fluctuations in the trade winds driving the ocean 
currents could thus regulate the oxygen supply directly. However, measurements off the coast of 
West Africa and south of the Cape Verde islands have now revealed the major importance of 
turbulent mixing processes. The scientists used high-precision measurements, such as 
microstructure probes and profiling current meters, for their investigations. 
 
The surveying of a so-called tracer, a chemically inert substance discharged into the ocean, 
confirmed the results of the direct turbulence measurements. The horizontal and vertical spreading 
of the tracer was determined by chemical analysis with a high degree of accuracy over a period of 
three years. 
 
Both measurement methods showed that about one third of the oxygen supply in the tropical 
oxygen minimum zones is provided by the vertical turbulent mixing. "The relatively high 
contribution of turbulence to the oxygen budget has surprised us," says Prof. Dr. Martin Visbeck, 
one of the initiators of the experiment. "Also, thanks to the improved measurement methods and 
accuracies, we were breaking new ground here," Visbeck continued. First author Dr. Tim Fischer, 
who - as part of his doctorate – was able to significantly improve the parameters settings and 
evaluation of ship-based current profile measurements to determine the turbulence in the ocean 
from a moving ship, adds: "Thus, in comparison to the time-consuming microstructure probe 
measurements, we are able to collect much more data."  Co-author Dr. Donata Banyte from 
GEOMAR, who – as part of her dissertation - has worked for more than three years with the data 
from the tracer experiment, adds: "I am delighted to have discovered something really new and 
important in physical oceanography". 
 
"Since any expansion of oxygen deficient areas can have negative effects on the marine 
ecosystem, it is important to identify the relevant processes thereof. The results will help us to 
better understand the dynamics and changes in the oxygen minimum zones in the oceans," says 



 

 

 
 

 
Prof. Visbeck. 
 
Background information 
The dynamics of oxygen minimum zones is the central theme of the Collaborative Research 
Center (SFB) 745 "Climate-Biogeochemistry Interactions in the Tropical Ocean", which is funded 
by the German Research Foundation at the Christian-Albrechts University in Kiel and at GEOMAR 
Helmholtz Centre for Ocean Research Kiel. 
 
Oxygen minimum zones, i.e. zones where oxygen is scarce or even completely missing, are 
present in all tropical oceans. Measurements of recent years, however, indicate that these zones 
are expanding. One of the consequences is that the habitat of certain fish species is shrinking. But 
are these changes part of a natural variation or are they a result of human-induced global change? 
And how far will these low-oxygen zones spread? These and other questions are investigated by 
the researchers who are participating in SFB 754. 
 
In addition, the scientists at the Kiel Cluster of Excellence "The Future Ocean", also explore the 
changes in the oceans of the past, present and future with a globally unique approach: Marine, geo 
and economic scientists, physicians, mathematicians, computer scientists, lawyers as well as 
corporate and social scientists combine their expertise in eleven multidisciplinary research groups. 
Their findings contribute significantly to concepts in sustainable use and activity options for a global 
management of the oceans The new research program is thus aimed at an increased integration of 
knowledge. The goal is that a basic understanding of the ocean should lead to scientifically sound 
predictions and scenarios - in a close dialogue with decision-makers - to contribute to a sustainable 
management of the oceans. 
 
The original publication: 
Fischer, T., D. Banyte, P. Brandt, M. Dengler, G. Krahmann, T. Tanhua, and M. Visbeck, 2013: Di-
apycnal oxygen supply to the tropical North Atlantic oxygen minimum zone. Biogeosciences, 10, 
5079-5093, doi:10.5194/bg-10-5079-2013     
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