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Abstract: Understanding the oceanic CO2 uptake is of central importance for projections of
climate change and oceanic ecosystems. Simulating ocean circulation and biogeochemistry has
become a key tool for understanding the ocean carbon cycle and its variability. The underlying
models are governed by coupled systems of parabolic partial differential equations for ocean
circulation and transport of biogeochemical tracers. The coupling relations between the tracers
are more or less empirical, i.e., it is not very clear how the coupling terms look like
mathematically, and, moreover, how many tracers have to be taken into account. Many model
parameters are used which are chosen such that the model results remain feasible and that given
measurement data is matched by the model output. The overall aim is to minimize a leastsquares type cost functional, measuring the misfit between the model output and given data. The
optimization variables are the unknown parameters in the nonlinear coupling terms in the tracer
transport equations.
To a substantial degree the resulting problems belong to mathematical disciplines of
Optimization, Optimal Control and Inverse Problems. These problems as a main topic of our
research group are very complex in the field of mathematical analysis, numerical transformation
and algorithmic realization. Important research areas are:
- Algorithmic sensitivity and gradient calculations (automatic differentiation)
- Nonlinear optimization methods
- Analysis and numerical mathematics of nonlinear transport equations and equations of the
ocean circulation (Navier-Stokes-equations)
- Analysis of optimization problems with partial differential equations
The talk will give an overview of the research on C02 uptake conducted in Junior Research
Group A3 at the Christian-Albrechts-University in Kiel.
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