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1 Project report

The effects of a high horizontal resolution and model spinup time were analyzed in a systematic
comparison of two FESOM (Finite Element Sea Ice Ocean Model; Danilov et al. 2004, Wang et al. 2014)

mesh configurations and summarized in a Danek et al. 2019 (JPO). A comprehensive analysis of small-

scale eddy temperature flux dynamics in the Labrador Sea are currently in the submission process at GRL.

Using a high horizontal resolution of 5-15 km in the North Atlantic, we find a strong shift in the upper
ocean circulation and water mass properties during a ~300 year long spinup (five consecutive CORE-II
atmospheric forcing cycles from 1948-2009, Large and Yeager 2009). In the low-resolution (~1°) control
run, in contrast, this spinup adjustment is much weaker. In the high-resolution model, the adjustment leads
to a significant reduction of typical hydrographic biases such as a reduction of sub-polar gyre salinification,
a reduction of too deep winter mixed layer depths in the Labrador Sea and an improved sea ice distribution
and extent. These effects occur mainly due to a shifted position of the North Atlantic Current (NAC): the
initially (1* spinup, 62 model years; Fig 1 b) correct current path is not maintained throughout five
consecutive spinup cycles (310 model years; Fig 1 d) but shifted southeastward. Hence, in quasi-
equilibrium, the upper ocean circulation resembles the low-resolution solution, where the NAC is in the
wrong position as well. In addition, the low-resolution currents are too broad, slow and lack the vivid
meanders seen in altimetry observations (AVISO; Fig 1 a) as well as in the high-resolution model (Fig 1 b
and c). These effects were not stated before since most high-resolution ocean modeling studies exhibit

rather short model integration times on the order of O(1-20 years) (e.g. Marzocchi et al. 2015).
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Fig. 1: Average (1993-2009) horizontal surface velocity norm (in cm s™', irregular levels) and direction
(arrows of constant length, not all plotted). a) shows geostrophic velocities as derived by satellite altimetry
(AVISO), b) the 1* spinup of the high-resolution model and ¢-d) the 5" spinups of low- and high-resolution
models (differences between 1% and 5™ low-resolution spinups are negligible). For the models the full (not

geostrophic) velocities are shown.
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