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Thank you very much for your patient and detailed comments on our work [1]. These valuable
comments are very helpful for us to improve this paper. After carefully reading all the questions,
we have answered each of them and will make appropriate corrections in the revised version of our
manuscript.

In this attachment, the blue paragraphs represent your comments, and the black paragraphs below
are our corresponding replies.

1 Replies to 1-5 questions

Replies to these questions are as follows:
1. The presentation of the algorithm and techniques could be more concise. It would further

benefit from clear mathematical notation and equations, a clear nomenclature, and a clearer order.
For instance, RMSE is used before properly introduced. The calculation of Vŝ and Vd̂ are hard to
follow and not right away clear.

The description of CAND is described in Algorithm 1:

Algorithm 1 Candidate point strategy

1: Compute smax ← maxx∈Ω s(x) and smin ← minx∈Ω s(s)
2: for each x ∈ Ω do

3: V S(x) =

{
s(x)−smin

smax−smin if smax > smin

1 else

4: Calculate corresponding value of objective function for each sample.
5: end for
6: for each x ∈ Ω do
7: ∆(x) = miny∈Ad(x, y);
8: end for
9: Compute ∆max ← maxx∈Ω s(x) and ∆min ← minx∈Ω s(x)

10: for each x ∈ Ω do

11: V D(x) =

{
∆(x)−∆min

∆max−∆min if ∆max > ∆min

1 else

12: end for
13: return argminx∈ΩwV

S(x) + (1− w)V D(x)

Where, the Ω represents the random samples generated in this iteration process. S(x) represents
the predict value of point x generated by surrogate model. ∆(x) is the distance from point x to the
current sampling point set A and y represents each point in set A.

We will add these to the revised manuscript.
We will improve the structure of the study in revised manuscript.
2. The paper lacks describing links between the physics and the choice of parameters. Why do

certain parameter combinations perform better (for instance, what do they affect, how does that affect
the general performance etc.)

1).The purpose of this work is to improve the CAM5 precipitation simulation result accord to
parameter tuning method. rather than analyzing the mechanism. We believe that the goal has been
achieved and it is a complete work. In this paper, we propose a surrogate model based method which
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can quickly calibrate parameters, and improve CAM5 precipitation using the multi-level surrogate
model method and non-uniform parameterization schemes. We find a more suitable set of parameters
for each region.

2).We do not change the physical processes in the parameterization scheme, we only changed
the values of the parameters, or different values in different regions. We believe that these positive
improvements achieved by changing the values of the parameters. In [2], there is more introduction
to the mechanism, We also refer to this work when selecting parameters and determining the range of
these parameters. We will try to explain these effects from the parameter value changes.

3. The paper does not discuss that in general tuning for a single metric is not required as a climate
model has many different metrics that need to be fulfilled. Thus, it is required to discuss how the
precipitation tuning might degrade other fields. For instance, what is the effect on the global mean
temperature from this tuning etc.

In this paper, we propose a parameter tuning method to improve CAM5 precipitation simulation
results. The proposed method belongs to a single objective optimization method. This method maybe
cannot optimize multiple objectives simultaneously. Multi-objective surrogate model-based parameter
tuning method is also one of our future research topics. We will try to discuss that in nonuniform
parameter parameterization scheme, how other metrics such as temperature and specific humidity
change after precipitation decreases and add these results in revised manuscript.

4. The presentation of introducing the non-uniform parameter values is not entirely clear. Why
should that be? What is the physical explanation for using different parameter values in different
places? Shouldn’t the physics be independent of the location particularly in regions which are relatively
similar (South Pacific, Nino?)? Particularly you tune for different ocean regions; it is not clear why
different ocean areas should have different parameter tunings. (I could understand a land vs ocean
parameter change, however, different oceans or land masses requires more careful introduction and
physical justification)

In this paper, the motivation for the nonuniform parameter parameterization scheme is as follows:
1).It is well known that CAM5 is a well tuned model, however globally optimal parameters do not

necessarily mean they are the best solutions for every region.
2).Regional optimization experiments demonstrate that some regions have optimal parameters,

leading to better results than default parameters.
3).Our experiments show that there is a “rocker effect” in the influence of parameters on precipi-

tation. The same parameter values have different effects on different regions, making it challenging to
optimize precipitation for all regions using a single parameter.

In summary, we proposed the nonuniform parameter parameterization scheme.
In section 4.3, we found that these regions have better parameter combinations, even if they are in

similar positions.
5. The presentation is unclear as to why is a GP only used for the regional-level surrogate models

and not for the global?
Unlike global-level surrogate-model, the local-level surrogate model is required to have a higher

accuracy with fewer samples. So that construction method of the loacl model is more important.
according to [3, 4]. GP is selected to construct local-level surrogate.

Similar to the global-level surrogate model, we conduct a cross-validation for several method to
construct local surrogate model, the results are shown in Figure 1:

We will add these results to the rivised manuscript.

2 Replies to major comments

Replies to major comments are as follows:
1. LL.37-70: it would be worth discussing also the tuning approaches by Hourdin and Williamson

in more detail
(http://link.springer.com/10.1007/s00382-013-1896-4 ;
http://link.springer.com/10.1007/s00382-014-2378-z ;
https://gmd.copernicus.org/articles/10/1789/2017/ ;
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020MS002423 ;
https://onlinelibrary.wiley.com/doi/10.1029/2020MS002225 ;
https://onlinelibrary.wiley.com/doi/10.1029/2020MS002217 )
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Figure 1: local model surrogate model cross-validation

Thank you for your suggestion. These works have many highlights in the description of the methods
and the explanation of the physical mechanisms. For example, In [5, 6], authors discuss machine
learning for ESM calibration and use machine learning method on both single-column model and
global model. In [7, 8], authors propose a history matching method to analyse the uncertainty of
parameters in HadCM3. The author also proposed the concept of “over-tuning” to prevent over fitting
in the tuning results.

We believe that our work is also an extension of these tasks and a supplement to certain aspects.
They are very helpful in improving our manuscript.

2.Ll.135-138: How do you inform the parameter range of the parameters to tune for? How do you
choose exactly those parameters? Generally, there are more parameters in the parameterizations; why
exactly those 6?

We know that the sensitivity of parameters has an important impact on pattern tuning. If in-
sensitive parameters are selected for disturbance and adjustment, the simulation results will hardly
change significantly. Therefore, the selection of sensitive parameters is one of the important condi-
tions for CAM5 parameter tuning. Many previous studies have conducted sensitivity-related studies
on precipitation-related parameters in CAM5. The parameter range and the reason we choose these
parameters are according to these studies [2, 9]. These parameters we selected are proved most to
sensitive precipitation in these studies.

3. LL. 140-141: Why do you choose particularly those regions? Why are they important?
These regions and there range are selected according to [10]. These regions have a high amount of

precipitation value, and tuning these regions can effectively improve the simulation of CAM5 precipi-
tation. More than that, as can be seen in Figure 2, in default experiment, these areas have a certain
degree of error compared to observational data. Since CAM5 is a well-calibrated model. Our exper-
iment also proves that the global-oriented tuning effect is not significant. So that we try to research
these regions, find a set of parameters to improve the simulation results over these regions.

4. Section 3: I would suggest sticking to terminology! Whenever you talk about an actual model
simulation I would suggest using ESM/CAM5 or something like that. Otherwise you start mixing up
terms such as global-model, global-level, complex model which does not make it easy to follow which
of all the models you refer to or whether it is a new one.

In this paper “global-model” and “global-level” model are equivalent. They represent the global-
level surrogate model in the proposed method. “Complex model” represents the optimization problem
which the fitness function is hard to calculate. Perhaps the word ”model” has different meanings is dif-
ferent terms such as “surrogate model”, “complex model” and “earth system model”. In order to avoid
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