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1 The First Reviewer’s Comments

1. In several previous studies, especially in Jiang and Wang [2010] and Jiang et al. [2011], the
CNOP has been used to investigate the onset of blocking, which is very similar to the present
study. But these papers were not cited. I suggest that the authors should discuss and clarify
the differences between the work of Jiang and Wang [2010] and Jiang et al. [2011] and this
manuscript.

Thanks for the helpful comments.We have incorporated a discussion of the suggested refer-
ences, Jiang and Wang [2010] and Jiang et al. [2011], in Line 95 – Line 99: “ Moreover,
CNOP has been specifically applied to studies of blocking onset; Mu and Jiang
[2008] utilized a 3-layer T21L3 quasi-geostrophic (QG) model with CNOP to an-
alyze blocking onset mechanisms, focusing on the blocking index and squared
norm of the streamfunction. Their findings identified two types of CNOPs, one
that amplifies and one that diminishes the blocking, with further applications
to strong zonal flow [Jiang et al., 2011] and climatological flow anomalies over
the Atlantic and Pacific Oceans [Jiang and Wang, 2010].” Additionally, in Line 102 –
Line 103, we have added: “In contrast, this paper employs the NMI model developed
by Luo [2000, 2005], Luo et al. [2014, 2019] to investigate...”

*Corresponding author: shibin@lsec.cc.ac.cn
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2. Lines 221 and 234, J(b0;B0, F0, U) should be J(b0;B0, F0, U).

Thanks, the two typos have been revised.

3. In this manuscript, the simulation results of the model are not validated. Could you add a
subsection to check whether the model can well reproduce the basic feature of blockings?

Thanks for pointing this out. The basic feature of blockings has indeed been well reproduced
in Luo et al. [2019]. Following your suggestion, we have added detailed sentences in detail in
Line 192 – Line 195 to emphasize this point: “Building on this, the potential vorticity
theory within the NMI model effectively captures the fundamental features of
atmospheric blockings, as demonstrated in Luo et al. [2019]. In that study, Figure
1 presents observational data, while Figure 3, 4, 8 and 11 reproduce essential
features of blockings. ”

4. In some previous studies about CNOP, two types of CNOP can be obtained. But in this
study, only one CNOP is calculated. Whether there are two types of CNOP: one strengthens
the blocking and the other weakens the blocking?

Thank you for the insightful comments. In response, we explore the CNOP of the NMI
model, which is governed solely by the NLS equation and uses the squared norm of the
blocking amplitude as the objective function, a physically meaningful quantity [Colliander
et al., 2010]. In the revised version, we added some sentences to explain: “It is important
to note that there is a key distinction from detecting blocking onset in the T21L3
QG model [Mu and Jiang, 2008, Jiang and Wang, 2010, Jiang et al., 2011]: the
NMI model involves an NLS equation focused only on the blocking amplitude,
with the objective function being the squared norm of the blocking amplitude, a
physically meanfully quantity [Colliander et al., 2010]. In contrast, the QG model
is related to the streamfunction, allowing the objective function to be either the
blocking index or squared norm of the streamfunction [Mu and Jiang, 2008, Jiang
and Wang, 2010, Jiang et al., 2011].”

5. From Figures 3a and 3b, we can see that the error decays in the first five days. Why? What
is the physical mechanism? In Lines 316-318, the description may be inaccurate. We can
clearly observe that the error decays, rather than that the growth is weaker.

Thanks for pointing this out. We revised the sentences in Line 326 – Line 331 to read:
“In Figures 3a, we observe that, during the blocking growth phase, the optimal
disturbance exhibits minimal or even negative growth, probably due to the sup-
pression of perturbation growth by the increasing blocking amplitude. In Figures
3b, this effect becomes more pronounced as the rapid growth of the blocking am-
plitude further inhibits and even reverses the growth of the perturbation. During
other periods, however, the growth rate of the perturbation accelerates while the
blocking amplitude grows more slowly, further supporting this interpretation.”
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6. In this manuscript, the initial perturbation and the perturbation of the preexisting synoptic-
scale eddies are both considered. This is remarkably different from previous studies by Jiang
and Wang [2010] and Jiang et al. [2011], in which only initial perturbation was taken into
account. In the realistic situation, these two types of perturbations may simultaneously exist.
Could you give a discussion about the effects of the two types of perturbations?

Thanks for the helpful comments. When the two types of perturbations simultaneously exist,
the optimal distribution of the preexisting synoptic-scale eddies dominates. In the revised
version, we have added a new subsection 4.4 with a title Comparison of the effects of
two types of optimal disturbaces to discuss the two types of perturbations in detail in
Line 465 – Line 480: “In this scenario, we examine the effects of two types of op-
timal disturbances and the impact that arises when both coexist simultaneously.
Referring to the nonlinear growth of optimal disturbances for the initial block-
ing amplitude in Figure 3 and for the preexisting synoptic-scale eddies in Figure
7, we present their individual effects, along with the nonlinear growth of their
combined optimal disturbance under the constraint γ = 1 in Figure 10. When
these two optimal disturbances are combined, the optimal disturbance associated
with the preexisting synoptic-scale eddies becomes dominant. In comparison,
the contribution from the optimal disturbance of the initial blocking amplitude
is nearly negligible. This dominance is further confirmed in both the nonlinear
growth (Figure 10a) and the nonlinear relative growth (Figure 10b).
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Figure 1: Nonlinear growth of two types of optimal disturbances and their combined disturbance.
The optimal disturbances are derived using (14) and (16) with the constaint γ = 1.

To further validate the dominance of the optimal disturbance from preexisting
synoptic-scale eddies as seen in Figure 10, we present the nonlinear evolution of
the instantaneous total stream function field ψT in Figure 11. Here, we observe
that, although the initial stream function patterns align with the optimal dis-
turbance for the initial blocking amplitude, over time, the disturbance from the
preexisting synoptic-scale eddies becomes dominant. The cases with and with-
out the initial blocking amplitude become nearly identical, with only intensified
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eddy straining and wave breaking effects. Consequently, the impact of the initial
blocking amplitude disturbance is negligible compared to that of the preexisting
synoptic-scale eddies. ”
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(a) Initial Blocking Amplitude
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(b) Preexisting Synoptic-Scale Ed-
dies
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(c) Combined Optimal Distur-
bances

Figure 2: Nonlinear evolution of the instantaneous total stream function field ψT , with background
fields added by (a) the optimal disturbance for the initial blocking amplitude, (b) optimal distur-
bance for the preexisting synoptic-scale eddies, and (c) the combined optimal disturbances.

7. In figure 8, more wave breakings are caused by the perturbation of preexisting synoptic-scale
eddies. What is the physical reason?

Thanks for pointing this out. According to the NMI model, wave-breaking phenomena are
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driven by preexisting synoptic-scale eddies [Luo et al., 2019]. In this work, we confirm in
Section 4 that atmospheric blocking is highly sensitive to the optimal disturbance originating
from these eddies. Since eddy straining and wave breaking are key features of atmospheric
blocking, the optimal disturbance of the preexisting synoptic-scale eddies results in more
pronounced wave-breaking events.

8. Please confirm γ = 2 in figures 10c and 11c.

Thanks for pointing this out. We have corrected γ = 2 to γ = 1 in figures 10c and 11c.

9. The font size is too small in figures 4 and 8.

Thank you for bringing this to our attention. In the Copernicus-LaTeX package, figure
captions are formatted with a smaller font size than the main text throughout the paper.
The font size in Figures 4 and 8 is consistent with other figures and adheres to the package’s
formatting guidelines.

2 The Second Reviewer’s Comments

1. Line 1: What makes it “optimal”. I think this should be very briefly made clear to the
nonspecialist reader already at this point.
Thanks for pointing this out. We have added Footnote 1 after this sentence to clarify the
term “optimal” as follows: These “optimal disturbances” are configurations that
maximize the intensity of a blocking event over time.

2. Line 3: Why “incrementally”? Do we need this word here at all?
Thanks, we have deleted the word “incrementally”.

3. Line 5: What would be such a thing, for example? Btw, I suppose, this is the attempt of ex-
plaining what is meant earlier, and in the title, by ”optimal”. Also, are you sure ”influence”
is the right word here?
Thank you for pointing this out. What we aim to convey is that during the evolution, the
optimal disturbance of the initial blocking amplitude serves only to intensify the blocking
amplitude, while other features of the atmospheric blocking remain consistent with the un-
perturbed motion of the atmospheric blocking. We have revised the sentence to replace influ-
ence with effect as “Over time, this disturbance primarily intensifies the blocking
amplitude itself, with little effect on surrounding atmospheric features.”

4. Line 8 — Line 9: This is a very obscure statement. I wonder if it would be clear to an expert
on dynamic meteorology.
Thanks for pointing this out. We have revised the sentence for clarity as follows: “ How-
ever, the nonlinear evolution of this disturbance diverges markedly from that of
disturbances in the initial blocking amplitude. It not only strongly intensifies the
amplitude of blockings but also alters their structure, rendering eddy straining
and wave breaking more chaotic and predominant. ”
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5. Line 9: Does it not contradict what you wrote on line 5?
This does not contradict what we wrote on line 5. Line 5 pertains to the optimal disturbance
in the initial blocking amplitude, while the statement here refers to the optimal disturbance
in preexisting synoptic-scale eddies.

6. Line 13: Extremes are not necessarily less predictable [Bódai, 2015]. Is this just an untested
hypothesis here, or you have reference for it?
Thanks for pointing the reference [Bódai, 2015] out and noting that extremes are not neces-
sarily less predictable. We have revised the sentence to: “Such eddy perturbations are
more likely to trigger weather extremes, such as extreme cold events in North
America and Eurasia [Yao et al., 2023], sometimes challenging predictability.”
This adjustment aligns with the discussion in [Yao et al., 2023] about how certain weather
extremes can increase prediction challenges.

7. Line 25: Please rephrase this. Make it sounds like we already know a lot about blocking, as is
the case. Just a remark: Predicting the future is arguably the greatest power. But understand-
ing a certain aspect of the phenomenon might not help us obtain better predictability. I’m not
saying that such understanding has no value. Only that they should not be “marketed” as
“predictive understanding”.
Thanks for pointing this out. We have revised the sentence as “Therefore, understanding
the mechanisms behind blocking, a phenomenon already extensively studied, is
essential for advancing our knowledge of these high-impact weather events and
their role in atmospheric dynamics, even if such insights do not always translate
directly into improved predictability (Kautz et al., 2022).”

8. In Line 29, we have deleted the words “the mechanism study of”.

9. In line 31, we have deleted the word “by” and have added the word “that”.

10. In line 63, we have revised the word “interply” as “interplay”.

11. In line 83, we have revised the typos “block” as “blockinng” and “midlatitudes” as
“midlatitude”, and added “the” before “midlatitude”.

12. In line 85, What are these?
To explain this, we have added Footnote 2 after this sentence as “The normal and nonnor-
mal modes are specifically defined in terms of linear instability. A normal mode
refers to a linear operator that commutes with its transpose, i.e., LL⊤ = L⊤L,
while a nonnormal mode satisfies LL⊤ ̸= L⊤L.”.

13. In line 90, we have added “function” before “value”.

14. In line 91, we have deleted “or says” and in line 92, we have deleted “being studied”.

15. In line 98, would be better to name them here.
Thanks. We have named them there and revised the sentence as “More recently, advance-
ments in machine learning have further improved the efficiency and application
of CNOP, particularly in the Lorenz-96 model and the Zebiak-Cane model for
the El Niño-Southern Oscillation events (Shi and Sun, 2023; Shi and Ma, 2023).”
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16. In line 102, we have revised the sentence as “Section 2 outlines the derivation of the
NMI model and the basic CNOP settings used to determine optimal distur-
bances.”

17. In line 114, please develop the language a bot here so that it makes a more precise and clear
statement.
Thanks, we have revised the sentence as “By maximizing these objective functions,
we aim to identify the optimal perturbations that lead to the maximum total
amplitude of blockings. ”.

18. In line 117, how can a “parameter” have a gradient?
In the classical book [Cushman-Roisin and Beckers, 2011, Section 2.3], f is referred to as the
Coriolis parameter. The meridional gradient of the Coriolis parameter is the derivative of f
with respect to y.

19. In line 117 — line 118, the physical dimension of β is rad ∗m, if [β0] = rad/s, which does
not seem nondimensional.
The dimension of β0 = ∂f

∂y is given by [f ]/L = m−1s−1. Thus the dimension of β can be
expressed as

β ∼ 1

ms
· m

2

m
s

= 1

Hence, β is the nondimensional parameter.

20. In line 118 — line 120, please use a mathematical symbol for the dimensional quantity too,
e.g. u, so you can write u = 7m/s.
Thanks, we have replaced “diemension” by “scale’ and ’revised the sentence as “Typically,
the background westerly wind is observed to have a speed of approximately u = 7 m/su = 7 m/su = 7 m/s (Luo,
2005). Considering that the scale of wind speed is [u] = 10 m/s[u] = 10 m/s[u] = 10 m/s, we set the nondimensional
wind speed as U = u/[u] = 0.7U = u/[u] = 0.7U = u/[u] = 0.7”

21. In line 121, again, poor English and poor notation. Thanks, we have revised the sentence as
“In this context, the zonal westerly wind varies only in the meridional direction
and is expressed as U = U(y). ”

22. In line 122, I’m sure this is not used like this in English. I don’t know why “lateral” refers
to a boundary condition to do with the meridional direction. Otherwise, i would write,
“... boundary conditions that are periodic with respect to the zonal direction x”. Thanks
for pointing this out. We have revised the sentence as “The boundary conditions are
periodic in the zonal direction x and of Dirichlet type in the meridional direction
y, with specified mean values. ”

23. Comments in Table 1

(1) We are not informed of the dimensional width of the beta channel.
Thanks, the dimensional width of the beta channel is LyLyLy = 5L. Hence, Ly = 5 is the
nondimensional width.

(2) wave numbers cannot be dimensional anyway
Thanks, we have deleted all the “nondimensional” before zonal number.
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(3) Please have a clearance between the bottom line of the table and the figure caption. I.e.
make sure that you leave a bottom margin.
Thanks, we have adjusted the position of the caption by moving it further down to
ensure clarity and to create a clear margin between the bottom line of the table and the
figure caption.

24. In line 125, Lx was not defined in Table 1. or anywhere. I also don’t know what the function
J() and F are.
Thanks for the helpful comment. We have clarified the definition of Lx in Table 1, specifying
it as the zonal boundary, a nondiemnsional parameter with Lx = 5.75. Additionally, we
included the definition of J(·, ·), identifying it as the Jacobian determinant. The definition of
F , the Froud number, was already provided at the beginning of Section 2.1.

25. In line 130, I suspect it has a more proper English name.
Thanks, we have revised “basic” as “background”.

26. In line 131, okay, but what is its mathematical definition?
The mathematical definition is given by the following sentence, that is,

ψ ∝ e2k0x−ωt.

27. In line 131, why do you call it “preexisting” when it is a function of time?
Yes, ψ′(x, y, t) represents the synoptic-scale eddies that evolve over time. However, the focus
here is on the initial condition, ψ′(x, y, 0). Perturbations in this initial condition can lead to
significant changes, which form the core of this study and are detailed in the following section.
Due to the critical role of the initial condition, we refer to it as the preexisting synoptic-scale
eddies, which subsequently evolve over time.

28. In line 133, does this arise because of topography, or would you have it even on an aquaplanet?
Thanks, we revised the expression as “a wave with a single wavenumber k = 2k0 ”.

29. In line 135, “single” in what sense? I suspect you can simply delete this word.
Thanks, we have deleted the word “single”.

30. In line 136, we are not told here anything.
Yes, both ω1 and ω2 are unknown here, and they are derived in equation (8c).

31. In line 153,I don’t know what are Xk and Tk.
To clarify, here is the multiscale decomposition: Xk = ϵkx Tk = ϵkt, which represent the
ϵk-scale spatial variable and temporal variable, respectively.

32. In line 168, the word “wavy” is used to emphasize that the blocking anomaly is ψ1 is wavy,
which is then compared with the associated zonal-mean anomaly ψ2.

33. In line 173, it’s not great to have a footnote for an equation. I would add it in a bracket,
starting with (Note that....)
Thanks, we have changed the footnote as a bracket after the equation as “(Noting that the
external force F0, acting as a filter for the waves, indeed serves as the core ingre-
dient of the preexisting synoptic-scale eddies ψ′

1. Therefore, unless specifically
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mentioned, we use the external force F0 to represent the preexisting synoptic-
scale eddies.)”

34. In line 174, and what is k?
Thanks, k = 2k0 is the zonal wavenumber of the planetary-scale blocking anomaly, which is
shown in Table 1.

35. In line 222, I don’t really understand this. Is it integrated over some time? But what is the
time horizon then?
No, the calculation is not integrated over time. The time horizon is fixed at T . In equation
(13), we fix the time horizon T , the external force F0, and the speed of the background
westerly wind U . For different initial blocking amplitudes, B0 and B0 + b0, we compute
the resulting blocking amplitudes at T , denoted as B(T ;B0 + b0, F0, U) and B(T ;B0, F0, U),
respectively. The objective function in equation (13) is then expressed as:

J(b0;B0, F0, U) = ∥B(T ;B0 + b0, F0, U)−B(T ;B0, F0, U)∥2.

In equation (14), we determine the maximum value of the objective function J(b0;B0, F0, U)
within the domain {b0 : ∥b0∥ ≤ ρ}.

36. In line 223 — line 224, we have revised the sentence as “By abbreviating J(b0;B0, F0, U)
as J(b0), we simplify the notation, making it more convenient for subsequent
discussions and calculations. This concise form allows for easier reference to
J(b0) without any loss of generality. ”

37. In the caption of Figure 1, the term “nondimensionalization” in the brackets clarifies
that the variable is dimensionless. Following your suggestion, we have removed the word
“nondimensionalization” in the revised version. We also remove the word “nondimensionalization”
in the caption of Figure 6.

38. In line 314. we have revised the phrase as “transitioning from the same initial unit of
one to different ratios”.

39. In line 332, we have revised the clause as “when the optimal disturbances are added
to the initial blocking amplitude”.

40. In line 337, isn’t this expected? What do we gain in addition by using this methodology?
Yes, the description of the phenomena of eddy straining and wave breaking becoming more
prominent is intended to contrast with the effects caused by the optimal disturbance of the
preexisting synoptic-scale eddies, as discussed in Section 4.2 and illustrated in Figure 8.

41. In line 351 — line 352, you have just said this in the first sentence. Can you not decide
which one is more beautiful? Please provide a range in units of days
Thanks for pointing this out. We have revised the sentence as “ Nevertheless, as noted by
Kautz et al. (2022), accurately predicting atmospheric blocking on the medium-
range weather timescale (∼ 10 days) remains a challenge.”.

42. In line 355 — line 356, I’m sure you can say it shorter.
Thanks, we have shortened the sentence to “This approach seems suitable for using the
NMI model to test if the optimal disturbance causes larger forecast errors. ”.
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43. In line 361 — line 364, rephrase it with good English
Thanks, we have rephrased the sentences as “With the time interval T and the size
parameter γ = 1 fixed, the optimal disturbance at a later stage yields a greater
error, as shown by the ratios: 1.8776 for nonlinear growth and 1.8781 for relative
nonlinear growth. ”

44. In line 395, do you say this because in a linear framework of analysis, the picture would be
qualitatively different? If so, can you show that or reference a paper where it shows?
No, the qualitative difference lies in the nonlinear growth behaviors of two distinct scenarios.
In Figures 2a and 3a, the nonlinear growth of the optimal disturbance of the initial blocking
amplitude is relatively gradual as the parameter size γ increases incrementally from 0.25 to
1. In contrast, Figure 7a illustrates the nonlinear growth of the optimal disturbance of the
preexisting synoptic-scale eddies, which is significantly sharper under the same incremental
increase in γ.

45. In Figure 6, have a bit more spacing between the lines of the legend so the square brackets do
not touch.
Thanks for pointing this out. We have adjusted the spacing between the lines in the legend
of Figure 6 to ensure the square brackets do not touch. And also we have deleted the word
“nondimensionalization” in the caption.

46. In line 407, why do you say “potential”? Do you mean potentially in reality because what you
see here is in a model and we are not sure how well it represents reality in this specific regard?
Yes, the use of “potential” is deliberate because the results presented here are derived from a
model. While the model provides valuable insights, its ability to fully capture and represent
reality in this specific context remains uncertain. Therefore, “potential” reflects the cautious
interpretation of the findings.

47. In line 408, wouldn’t it be better to be more cautious and say ”possible” instead of ”probable”
(or ”likely”)? Please go ahead with ”likely” if you have to confidence. I don’t.
Thanks, we have used the word “possible” instead of “probable”.

48. In line 420 — line 421, consider if this makes sense. What is added to what by what? I’m
not even sure that the ”* to * by *” structure is good.
Thanks for pointing this out. We have revised the clause as “when the optimal disturbance
is added to the preexisting synoptic-scale eddies.”

49. In line 421, Figure 8a is the same as Figure 4a, as both depict the evolution of the instanta-
neous total streamfunction without any perturbations.

50. In line 426, how do we see that this is actually chaotic – as in the theory of dynamical systems?
I’m not saying i don’t believe it, but just now i don’t know how to verify this.
Here, the word “chaotic” refers to a more disordered and unstable evolution of the system.
A comparison of Figure 8 and Figure 4 shows that when the optimal disturbance is added to
the preexisting synoptic-scale eddies, the evolution of the blocking becomes more disordered
and unstable, in contrast to when the optimal disturbance is added to the initial blocking
amplitude.
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51. In line 435 — line 437, we have revised the sentences as “Specifically, we investigate
whether larger forecast errors occur at a later stage by comparing the optimal
disturbances over different time periods, such as the early stage ( 0 to 10 days)
and the later stage (5 to 15 days) of the evolution of the blocking.”

52. In line 439, we have used the word “is shifted” instead of “offsets”.

53. In line 442, we have used the word “fast” instead of “more predominantly”.

54. In line 444, the predictability of blocking to take place (soon), or just predictibaility of the field
when blocking takes place?
Thanks for pointing this out. We have revised the part as “ reduces the predictability of
the field when the blocking event takes place ”

55. In line 459, we have revised the rephase “with a decrement of” as “in increments of”.

56. Comments in Figure 10.

(1) Do you understand why the peak shifts with decreasing U? Is there a simple way to see
this? I’m looking for a physical explanation. But don’t worry if there isn’t a simple
explanation.
The potential vorticity theory, as presented in [Luo et al., 2019], established that the
coefficient of the dispersive term is proportional to PVy, i.e., λ ∝ PVy = β + FU , while
the coefficient of the nonlinear term is inversely proportional to PVy, i.e., δ ∝ 1/PVy =
1/(β+FU). Hence, as the background westerly wind U decreases, the coefficient of the
dispersive term λ also decreases, resulting in a more concentrated spatial pattern under
weaker wind conditions. MFurthermore, as the background westerly wind increases, the
peaks shift eastward, reflecting a form of equilibrium.

(2) Why does the error grow faster with smaller background wind? I’m embarased but I
thought it would be the opposite.
The potential vorticity theory, as presented in [Luo et al., 2019], established that the
coefficient of the dispersive term is proportional to PVy, i.e., λ ∝ PVy = β + FU , while
the coefficient of the nonlinear term is inversely proportional to PVy, i.e., δ ∝ 1/PVy =
1/(β + FU). Hence, as the background westerly wind U decreases, the coefficient of
the nonlinear term δ increases, leading to faster error growth under weaker background
wind conditions.

57. In line 474 — line 475, hmm, does this mean that you are not showing the linear part of the
growth e.g. in Fig. 10 b, ONLY the nonlinear part?
The error growth analyzed in the NMI model, governed by the forced nonlinear Schrödinger
equation, is entirely nonlinear. In this analysis, we do not account for error growth arising
solely from the linear component.

58. In line 482, we have revised the rephase “with a decrement of” as “in increments of”.

59. In line 494, is this the new thing in this paper? I mean, did you study nonlinear growth before
but doing the calculation in some other way? If so, what is the difference that you observe,
and did you figure out the reason?
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Yes, this paper first uses the CNOP approach (nonlinear optimization) to investigate the
nonlinear error growth of the NMI model. Previous methods for the analysis of the error
growth cannot be used to investigate the nonlinear partial differential equations, only for the
linear partial differential equations.

60. In line 500, is this the new thing in the paper? If so, did you arrive at it because 1. you used
a new model or 2. new definition of the growth or 3. a new way of calculating the growth that
was previously defined?
Yes, the NMI model we use is novel. Additionally, we employ the innovative CNOP ap-
proach to uncover a remarkable phenomenon related to the optimal disturbance of preexisting
synoptic-scale eddies, including eddy straining and wave breaking.

61. In line 508 — line 509, if you say ”probable”, shouldn’t you say ”would” instead of ”can”.
That is, shouldn’t we have an agreement bw the level of confidence of the statements?Perhaps
now, as i referred to my paper that extremes might not be less predictable depending perhaps
on how you define predictability.
Thanks for the suggested reference [Bódai, 2015]. We have deleted the sentence “The per-
turbations of these eddies may be a probable cause of weather extremes and can
reduce predictability.”.

62. In line 531, we have revised the sentence as “ Exploring how various types of pertur-
bations in these models affect error growth would be highly intriguing. ”

63. In line 546, is this really a term in use regarding atmospheric blocking?
Thanks for pointing this out. We have revised the word “blocks” as “blockings”.

64. In code availability, we have deleted the word “reasonable”.

65. In line 555, we have revised the phrase “In this section” as “Here”.

66. In line 556 and all in the appendix, we have revised the word “put” as “substitute”.

67. In line 604 — line 605, we have revised the phrase “With the equality of zonal average
(A7)” as “Using the zonal average equation (A7)”.

68. In line 620 — line 621, we have revised the sentence as “Using the property that ∇2ψ1

is proportional to ψ1, we deduce that III2 = 0. Furthermore, leveraging the
properties of Jacobians, we find that III1 is proportional to cos(2my). Thus:”

69. In line 629, we have revised the phrase “Taking some basic calculations” as “Through
straightforward calculations”.

70. In line 635, we have revised the word as “Appendix B”.

71. In Appendix B, we have changed the color of all the equations from red to black.

72. In line 648, we have added “the streamfunction of” before the preexisting synoptic-scale
eddies.

73. In line 681, we have revised the word “taking” as “substituting”.
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