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Abstract
Dissolved iron in the ocean is an essential micronutrient for phytoplankton growth and plays a critical role in regulating primary production. However, significant uncertainties remain in its concentration, distribution, and biogeochemical cycling. In particular, it is difficult to characterize basin-scale spatial structures and temporal variability solely from observations due to the scarcity of available data. In recent years, observational datasets of trace metals, including iron, have been expanded through international efforts such as GEOTRACES (GEOTRACES Intermediate Data Product 2021: IDP2021).

In this study, we aim to estimate a realistic three-dimensional distribution of dissolved iron in the global ocean by assimilating observational data into a numerical model. We developed a simplified iron cycle model that accounts for major processes, including sources and sinks, advection and diffusion, interactions with particulate matter, and biological uptake. For data assimilation, we employed a Green’s function approach to determine the optimal combination of control variables in a least-squares framework.

The results show a clear improvement in model performance, with correlation coefficients between modeled and observed dissolved iron concentrations increasing from 0.33 to 0.47 in the Atlantic Ocean and from 0.58 to 0.71 in the Pacific Ocean. The reconstructed three-dimensional distribution reveals that the relative contributions of iron sources differ significantly between ocean basins. Furthermore, the residence time of dissolved iron is estimated to be 17.5 years in the Atlantic and 69.8 years in the Pacific, indicating substantial differences in iron cycling between these basins.

In this presentation, we discuss the basin-scale differences in iron behavior suggested by the model results, including variations in sources, transport, and removal processes. We also present results from sensitivity analyses to evaluate how the spatial distribution of observational data influences the optimization of the assimilated fields.





