Review of Zheng et al.
Zheng et al. has made substantial revision to their manuscript and improved the writing and the
clarity of the presentation. I appreciate the authors’ detailed reply to my comments. For example,
the addition of the definition of “anomaly” is essential for the interpretation of Fig. 5 and Fig. 9.
Some of my questions on the linearity of the attribution method and the Pliocene experiment
setup are still not well explained. I suggest the authors to add an uncertainty estimate to the
attribution method. The differences in boundary conditions between the preindustrial run and the
Pliocene run will introduce perturbation fluxes not included in the attribution framework. The
implication for current results should be considered. I recommend a substantial-minor revision of
the current manuscript before it can be accepted for publication.
Major concerns:
1. The linearity of CFRAM
The author mentioned the “albedo and insulation interact in a nonlinear way” in line 72-73 and
then apply an attribution method with linear assumption without giving clear estimate of the role
of nonlinearity. The authors suggest the linearity of the CFRAM can be examined by comparing
the total radiative perturbation and the sum of all the partial radiative perturbation terms. The
provided figure has very confusing titles and does not seem to be related to the “total vs partial
perturbation” comparison. Even if the figure is indeed a comparison of the total vs partial
perturbations, it does not show the residual well. A comparison of the residual, total minus sum
of partial perturbation, with the total is more informative of degree of nonlinearity. Maybe this
can also be used as a measure of the uncertainty in the linearity assumption? Please show clear
evidence to support the assumption of linearity and provide an uncertainty estimate of this
assumption.
2. The boundary condition differences between preindustrial and Pliocene runs
I would like to thank the authors for providing clearer description of the Pliocene experiment
setup. After reading the authors’ clarification in the revision, I realized that it is important to note
the boundary condition differences between preindustrial run and the Pliocene run. The PRISM
conditions are not used in the preindustrial run. This choice is understandable for model
evaluation purpose using proxy data. However, it does introduce additional uncertainties in your
attribution analysis. The adoption of PRISM may introduce radiative perturbation that are not
included in Eq (1). How important is this factor compared to albedo and insulation effects of sea
ice?
Secondly, I understand that the authors followed the standard protocol in PlioMIP2, but a brief
explanation of the justification of some setup choices are beneficial to readers who are not very
familiar with the PlioMIP2. For example, the choice of equilibrium runs depends on the small
CO2 concentration and orbital forcing changes during this period.
Minor concerns:

1. The Pliocene climate “anomalies”
It is very confusing to refer to the differences between the Pliocene run and the preindustrial run
as “anomalies”, which is usually used to describe the deviation from a climatological mean or
spatial averages. I guess this is why another reviewer is asking whether the trend is removed
when calculating the “anomalies”. Please try to find another way to describe it or be sure to
explicitly remind the readers that the “anomalies” is defined differently here.
2. Tables.
This is just a suggestion. The tables listed these variables for all 12 months. It might be less
intimidating and easier to digest the information if they are shown in plots instead, unless there
are some particular numbers that are important to the readers. This is just my opinion though.
Specific comments:
Line 29-30: Something is not right about this statement. In addition, 2005 is not in the last
decade.
Line 31: “ice-free Arctic Ocean” in summer or all year around?
Line 47-48: Is this a target for this study to produce a more significant Arctic amplification?
Line 52: It is not clear what the “sea ice effect” is referring to.
Line 68: Why does the sea ice thinning lead to enhanced insulation? This is confusing. Please
rephrase.
Line 72-73: So nonlinearity is important. Does this contradict the choice of linearity for
attribution later?
Line 118-120: This statement is confusing. It gives the impression that although it is actually late
Pliocene but called mid-Pliocene because the mid-Pliocene is studied more. Do you mean this
term “mid-Pliocene warm period” is frequently used for this period in literature although it is
actually late Pliocene? Please rephrase.
Line 146: Again, does the differences in boundary conditions contribute in this equation?
Line 147: Is the “perturbation” here refer to the differences between the Pliocene run and the
preindustrial run? Please clarify.
Line 208-213: As is mentioned by another reviewer, the constant SST under sea ice is also a
contributing factor here. Please add it here.
Fig. 5: Because each dot represents a grid point in the model, then the latitude can be very
important for the total SW insulation and the SW changes with albedo. Will you get a different

regression coefficient if subsetting the data by latitude? Can you calculate similar contribution to
variance for the other factors in Eq (1)? Will they add up to 1?
Line 260: What is the “response coefficient of albedo to SIC”?
Line 324-327: Following Clausius–Clapeyron, in the colder Arctic, the saturating mixing ratio of
water vapor is much smaller, so the latent heating and the responses are also smaller.
Line 336: I don’t think it is conduction. Heat transfer by conduction does not rely on the wind
speed or the amount of turbulence.

