
Geosci. Model Dev. Discuss.,
https://doi.org/10.5194/gmd-2020-245-RC1, 2021
© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Interactive comment on “Evaluation and climate
sensitivity of the PlaSim v.17 Earth System Model
coupled with ocean model components of
different complexity” by Michela Angeloni et al.

Anonymous Referee #1

Received and published: 8 January 2021

The paper presents an evaluation of the PlaSim v.17 Earth System Model run with
either a 50 m deep slab mixed layer ocean or coupled with a simple ocean model. The
slab mixed layer configuration is tested at T21 and T42 atmospheric resolutions, whilst
the configuration with the simple ocean model uses only T21. Having tested a small
selection of values for the horizontal diffusion coefficient in the slab mixed layer an
alternative is chosen whereby the northern and southern hemisphere are prescribed
different values of the horizontal diffusion coefficient. This improves the fit with the
observed time- and zonal mean surface air temperature. Three values (profiles) of the
vertical diffusion coefficient are tested in the dynamic ocean. The equilibrium climate
sensitivity of the preferred model configurations are tested, and are broadly found to
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be near or above the upper bounds of those reported from CMIP5, other EMICS and
even to CMIP6. The results are found to be particularly sensitive to the dynamic sea
ice, and in the case of the slab mixed layer the constant value(s) of the horizontal
diffusion coefficient do not simulate the expected weakening of the poleward ocean
heat transport that would occur with a slowing of the Atlantic MOC.

Overall I find the experimental design of the tuning (Section 3) very underwhelming.
The speed and simplicity of the model would make it easy to perform an extremely
rigorous calibration, following examples such as Murphy et al. (2004), Stainforth et al.
(2005), Williamson et al. (2013, 2015), Shi et al. (2019), to name but a few. In fact, as
mentioned in the introduction, Lyu et al. (2018) demonstrated an adjoint-based tuning
approach for PlaSim, so I wonder why the authors chose not to build upon this work?
The tuning presented is no more than testing a small set of values for one parameter
and selecting the one which has the best visual fit to the zonal average surface air
temperature.

The evaluation of the modelled climate states (Section 4) is very brief and it does not
contain enough analysis to convince the reader that a reasonable time- and zonal mean
SAT is being achieved for the right reasons or without introducing significant biases in
quantities not shown, such as poleward heat transports. No confidence intervals are
presented (e.g. in Table 3 or Figure 4) to indicate whether the climate is near/within the
observational range.

Existing studies that explore equilibrium climate sensitivity in GCMs and EMICs with
dynamic and slab ocean configurations should be acknowledged (see e.g.: Danaba-
soglu and Gent, 2009; Stouffer and Manabe, 1999; Shell, 2013). Danabasoglu and
Gent (2009) in particular discuss the roles of sea ice area and the slab ocean heat flux
transport in a similar experimental setup, and there are some interesting points of simi-
larity and difference with respect to this study that would be worth discussing. The role
of oceanic heat transport in climate model sensitivity experiments was discussed in
some detail in Spelman and Manabe (1984) using a coupled ocean-atmosphere model
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and a mixed-layer ocean-atmosphere model, and again this literature is not cited or
discussed.

Considering the above shortcomings, I think the study in its current form is of limited
interest to readers, and it does not represent a substantial advance in modelling sci-
ence. It could be improved sufficiently by greatly improving the model evaluation and
the discussion of the results in context with existing literature.

Minor points:

The terms ‘experiment’ and ‘simulation’ are used synonymously in many places. This
can be confusing (e.g. P14 L14, P15 L11).

P3 L18: All subgrid unresolved processes? On P13 L13 you state PlaSim “has no
parameterization for aerosol-cloud feedbacks”.

P3 L20 “(Sasamori, 1968) (Stephens et al., 1984)” should this be one set of brackets,
or is there text missing in between?

P3 L26: Please state what surface boundary conditions each of these datasets provide.
LSP undefined

P4 L15-18: This is a very long sentence. Please reword.

P4 L26: Two staggered grids? Please can you describe this further?

Figure 1: The caption is ambiguous. “simulations performed with two different coef-
ficient in the Northern and the Southern Hemisphere” could be interpreted in several
ways.

Table 1: According to https://www.metoffice.gov.uk/hadobs/hadisst/, the correct citation
to use for HadISST is:

Rayner, N. A.; Parker, D. E.; Horton, E. B.; Folland, C. K.; Alexander, L. V.; Rowell,
D. P.; Kent, E. C.; Kaplan, A. (2003) Global analyses of sea surface temperature, sea
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ice, and night marine air temperature since the late nineteenth century J. Geophys.
Res.Vol. 108, No. D14, 4407 10.1029/2002JD002670

P6 L13: Remove “.” After Equation

P6 L17: By “isolated” do you mean not connected to the open ocean, or e.g. single
grid point inlets?

Section 2: Please indicate the computational cost of the ML and LSG configurations of
PlaSim.

What happens at the North Pole to prevent convergence of the meridians resulting in
numerical instability?

P6 L20: What is the coupling interval? You mention the atmospheric time steps (P3
L25) and the ocean time step (P4 L26), but no details of the coupling time step.

P7 L17: This makes sense. Could you further justify this choice by computing the
effective poleward heat transport due to the choice of diffusivity? Is this the first study
to propose using different values of horizontal diffusivity in each hemisphere for a slab
ocean model?

P9 L21: Please expand on how you explored parameter space. Did you only vary one
parameter at a time?

Section 4.1 is very brief. Anomalies are described, but these need uncertainty metrics,
and it would be nice to accompany this with some discussion of the causes.

Figure 4: I think this would work better as (at least) two figures. The labels on (g)-(i)
are too small to read without zooming in considerably. Where are panels (j) and (k)?
(a), (c), (d), (f), (l), (n), (o) and (q): What are the regularly spaced squares of SAT, SST,
precipitation, TOA radiation at the poles, or is this a plotting artefact? (g)-(i) What do
the values represent? The colorbar indicates that the scale can exceed -1 to +1. Is the
ice cover annual mean, winter maximum, or something else?
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P12 L10: “increased to”

Table 4: Are the uncertainties 1 standard deviation?

P13 L8: Remove brackets around (2020)

P13 L26: From a climate perspective, the volume transport of the AMOC is not impor-
tant, it is the heat that it transports that matters. The heat diffusion described earlier in
effect represents the ocean circulation.

P14 L11: less extensive

P14 L13-16: Do I understand correctly here that if you prescribe monthly pre-industrial
climatological sea ice and run a pre-industrial simulation the AMOC collapses?

P14 L24: Whilst 0.58 is a reasonable albedo for bare sea-ice, it is an extremely low
value for ‘average’ sea-ice, which will be covered by snow and melt ponds. An albedo
closer to 0.75-0.8 would be more representative of typical ice cover.

P14 L27: Did you only vary one parameter in this set of experiments? It would be nice
to see further detail of these.

P15 L8: consistently > consistent

P15 L17: “The first and the second coefficient are those used for the Northern and
the Southern Hemispheres in the PlaSim-ML (T21) configuration.” What does this sen-
tence mean?

P15 L18: “We can notice...” I am not convinced that LSG could be said to have a slope
similar to CESM. Between 1x and 1.5x CO2 the gradient of the line is actually negative.

P16 L20: typo: “eexoplanetary”
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