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The interplay between numerical errors and physics of a comprehensive climate model is hard to separate. They
are often result of coarse resolutions employed due to the obvious computational constrains and the modularity
of the code. For instance, past studies of low clouds using fine resolution models have shown that there is an
interplay between processes controlling the clouds at the top and numerical mixing. Such effects while being
present in vertically coarse-resolution-ed climate models might easily be compensated by physical parameters in
the model physics, this then leads to incorrect sensitivity of the model to the physical conditions. As an example,
sensitivity of an idealistic atmospheric boundary layer to the imposed boundary conditions is explored using a
single column model of a comprehensive climate model, ECHAM6. The role of numerical formulation is explored
in this phase-space.

Single column simulations of 47 level operational resolution are compared with a 470 level high vertical
resolution configuration. The boundary layer height in the operational resolution model is invariant in most of
the phase-space, on contrary the higher resolution configuration matches to the expected rate of growth of the
boundary layer with increasing surface energy. But in cloudy conditions higher resolution configuration leads to
a cloud-free or optically-thin clouds mainly due to compensating physical parameters in the operational setting.
Three approaches are compared to control the numerical mixing in the operational configuration, a higher order
vertical advection, improving local order of accuracy by addition of a vertical level near cloud top and a novel
level set method. Improvements using higher order scheme are comparable to improving the local accuracy at the
cloud top implying most of the improvements were mainly required at the cloud top. These approaches will be
compared to the promising level-set method in the future.

Single column simulations using operational setting are further compared with a configuration with a tem-
poral resolution of 1 second. The boundary layer height in the higher temporal resolution configuration is
insensitive through out the phase-space. The extent of errors due to incorrect numerical treatment of physical
processes (mainly cloud - large-scale rain) in this model dominates the splitting error that arises from the first
order times-splitting used, leading to non-convergence of the simulations.

Al-tough single column models can be beneficial to understand detailed mechanisms and perform sensitiv-
ity studies, their use can be limited due to the absence of large scale feedback. The dependence of single column
model simulations to the nature of large scale forcing is further discussed.


