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Parameterizations are used to simulate effects of unresolved sub-grid-scale processes in current state-of-the-art
climate model. The values of the process parameters, which determine the model’s climatology, are usually
manually adjusted to reduce the difference of model mean state to the observed climatology. This process requires
detailed knowledge of the model and its parameterizations.

In this work, a variational method was used to estimate process parameters in the Planet Simulator (PlaSim). The
adjoint code was generated using automatic differentiation of the source code. Some hydrological processes were
switched off to remove the influence of zero-order discontinuities. In addition, the nonlinearity of the model limits
the feasible assimilation window to about 1day, which is too short to tune the model’s climatology. To extend the
feasible assimilation window, nudging terms for all state variables were added to the model’s equations, which
essentially suppress all unstable directions. In identical twin experiments, we found that the feasible assimilation
window could be extended to over 1-year and accurate parameters could be retrieved. Although the nudging terms
transform to a damping of the adjoint variables and therefore tend to erases the information of the data over time,
assimilating climatological information is shown to provide sufficient information on the parameters. Moreover,
the mechanism of this regularization is discussed.



