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We introduce the Multi-Column Ocean Model (MCOM), a new one-dimensional (1-D) ocean column
model that extends the hierarchy of ocean components in the Community Earth System Model version
2 (CESM2). MCOM is designed to bridge the gap between the slab ocean model (SOM) and the full
three-dimensional ocean general circulation model (FOM). Built on the framework of the Parallel Ocean
Program version 2 (POP2), MCOM disables lateral ocean processes while retaining key vertical processes
such as vertical mixing and entrainment. Its multi-layer vertical structure enables MCOM to realistically
provide seasonal and interannual variability in the mixed layer depth—a feature missing in SOM—while
remaining simpler than FOM. To assess its performance, we conducted 500-year preindustrial (PI) control
simulations with CESM2 coupled to MCOM and compared the results with the simulations using FOM and
SOM. The findings highlight the distinct roles of 1-D vertical processes (e.g., vertical mixing, interannual
mixed layer depth variability, and entrainment) relative to 3-D ocean dynamics (e.g., wind- and buoyancy-
driven circulation) in climate variability and predictability on interannual to decadal timescales. This study
advances understanding of how atmospheric forcing, 1-D vertical ocean processes, and 3-D ocean
dynamics interact, offering new insights into the ocean’s role in modulating atmospheric circulation.
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