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I sincerely thank the two reviewers, Volkmar Wirth and Daniela Domeisen, for their constructive, com-
plementary, and detailed comments to the ideas put forward in this submission. In response both the
introduction and (suggested) method sections have been considerably expanded. I hope the reviewers
will find the additional discussion to be beneficial. A point-by-point response to the raised comments
appears below in blue.

Reviewer 1 – Volkmar Wirth

General comment

This manuscript challenges the traditional idea that long-distance teleconnections can fundamentally
be understood in terms of long-lived quasi-stationary Rossby wave trains; rather, the author suggests
that these teleconnections should be re-interpreted as due to a chain of transient nonlinear events on the
synoptic scale, i.e., in terms of weather features. Part of the question is whether or not the synoptic-scale
variability is too strong to allow a meaningful analysis in terms of a mean background state plus (linear)
stationary wave theory.

In my eyes this manuscript is a welcome contribution to the discussion, raising issues with a long-held
perspective and, at the same time, suggesting an avenue towards further progress. In some places the
text appears quite opinionated with sharp formulations, while the author sketches supporting arguments.
Some of the arguments may not stand the test of time, and in my text below I indicate a few points where
I am skeptical. To be fair, the author does not exclude the possibility that his hypotheses might eventually
be (partly) refuted (lines 107, 108). Despite these caveats I believe that the proposed hypotheses are
interesting and relevant, and it is hoped that a publication in the present format will trigger further
discussion.

Below I raise a few major issues. Regarding two of them (items 1 and 2) I have a rather strong opinion
and I urge the author to revise the text accordingly. Regarding the remaining issues, I am aware that
this idea-format differs from a regular paper: rather than presenting full analyses and final results, it is
meant to talk about ideas and thereby instigate discussion. The question is to what extent the author
wants to anticipate some of the discussion in his text.

Many thanks again for your detailed criticism! I am happy to hear that you found this to be a welcome
contribution to instigate discussion, because this was (with good margin) my primary aim with this
submission. Along the same line, I want to emphasize that my aim with suggesting these hypotheses
was not be correct, but much rather to pose research questions that I think would yield relevant and
insightful results irrespective of the actual outcome.

Major issues

(1) It is important to be fair regarding earlier work — especially in this new format of “WCD ideas”.
Therefore, all relevant previous papers need to be quoted, papers that have discussed or at least mentioned
similar ideas, or possibly even the same idea.

I think that the current text is deficient in this respect. Strictly speaking, the basic idea presented
in this manuscript is not new. One important previous paper that quite explicitly discussed this idea in
the context of an observed episode is that by Davies (2015). And there are probably further papers that
may have touched upon this or similar ideas (e.g., Moore et al., 2010), although perhaps in a somewhat
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implicit fashion. These earlier references should be mentioned and briefly discussed. Also, a statement
such as “no attempt has been made yet to interpret and understand long-distance teleconnections in
terms of variations of weather” (lines 25, 26) seems unfair.

Similarly, doesn’t this text beg for mentioning the recently suggested concept of “recurrent Rossby
wave packets” (Röthlisberger et al., 2019; Ali et al., 2021)? In these papers the persistence of dry and
wet spells is interpreted as the recurrent occurrence of Rossby wave packets, with the underlying idea
being quite analogous to the idea presented in the current manuscript. In both cases a longer-term
(seasonal or sub-seasonal) phenomenon is re-interpreted as the recurrence of a synoptic-scale weather-like
phenomenon that “happens” to add up and result in the observed seasonal anomaly.

Thanks for pointing me to these references, I agree their omission is a lack with the original submission,
which is now mitigated. I am aware of these works, and they did not make it in the original submission
because of different reasons.

First, regarding Moore et al. (2010) and works along similar lines by, for example, Sebastian Schemm.
They are absolutely similar in basic approach, but they each focus on individual synoptic phenomena in
specific regions (e.g., blocking in the Pacific Northwest, cyclogenesis in the Gulf Stream region) and link
these to the tropical Pacific. Their omission in the original submission is simply due to the text being
adapted from another that was subject to severe length constraints. Scientifically, what I find missing
with these works is a framework that was able to link these individual spotlights into some more coherent
whole, and what I propose here might ideally develop into just such a framework. It is the lack of a
framework that I tried to express with the criticism you quote in L25-26. I was always thinking but
apparently never wrote down a “systematic” in this sentence. With this addition, my criticism might
already become more fair and understandable, but the surrounding discussion now provides considerably
more detail such that my criticism will appear in less broad strokes.

Second, regarding the work on recurring Rossby wave packets that in my eyes managed to systematise
the case-based findings of Davies (2015). I thank specifically for pointing me to these works, as I did
not fully realise the underlying analogy in approach. I agree, this line of work is very much along the
lines that I propose here, except in one fundamental aspect: the focus on recurring patterns. Following
your comment, I would regard my suggestions here as an extension of their arguments to those monthly
and seasonal averages that are not linked to a recurring Rossby wave pattern, which, I think, should be
the case for the majority of the more average seasons and months. Phrasing it like this, the analogy
might seem quite obvious, but I still think there is still a bit of a conceptual leap here (and therein
likely the reason why I previously did not consider them properly): for recurring patterns there is a clear
one-to-one correspondence between the time mean and (selected) instances within the respective time
period. I don’t think that close correspondence is necessary for the same arguments to remain valid,
because, I would argue, the time average remains the superposition of several transitory Rossby wave
packets even without recurrence. Each packet has their distinct dynamical origin and region of dissipation
that can be understood very much in line with how cited authors interpret their respective one recurring
pattern. Following this thought, one could argue that these studies actually showed (or at least made
very plausible) my hypotheses 2 and 4 for the subset of (typically more extreme) months and seasons
where recurring patterns dominated.

(2) I have an issue with the discussion of causality (in particular the paragraph around line 70). The
author seems to imply that stationary wave theory is fundamentally unable to establish cause-and-effect
relationships. I would argue with this point of view. To be sure, I am aware that it is difficult to infer
causality from a diagnostic relation that does not contain an explicit time derivative (something which,
of course, has been known for a long time, e.g., Lorenz 1967). Geostrophic balance is but one particular
example. However, I would argue that it is possible to talk about cause and effect in a forced-dissipative
system in which the forcing can be considered as sufficiently “external”, i.e., independent of the response.
A prime example of such a situation is the theory of stationary planetary waves. To the extent that
the forcing (e.g., orography) is independent of the response (the Rossby wave train emanating from the
orography), I would argue that the orography can and should be considered as causing the Rossby wave
train. Therefore, I disagree with the author that stationary wave theory per se is unable to infer causality.
In my eyes, the issue is not the lack of causality in the original argument of Hoskins and Karoly (1981),
but rather the question of why and how such a linear theory can (seemingly) be applied to long-range
teleconnections in the light of strong weather systems (i.e., strong non-stationary non-linearities). The
latter issue is explicitly formulated by the author in lines 63-64.

Let me be somewhat more fundamental and philosophical. To be sure, the succession of several
synoptic-scale events can provide a causal chain. However, an “explanation” in terms of a complete
physical chain of individual weather events (lines 98-100), although certainly being causal, may turn out
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to be pretty useless regarding a deeper “understanding”. Extending this general approach to its extreme
would mean that, for instance, the atmospheric circulation (discounting, for the sake of the argument,
moist physics and further complications) can be “explained” by the validity of Newton’s second law.
In this perspective one simply states that each air parcel in the Earth’s atmosphere is accelerated in
proportion to all forces acting on the parcel divided by its mass. This statement is both true and causal!
But would it help to “understand” important dynamical phenomena such as baroclinic instability? In
my eyes a theory like the Eady or Charney model are more “useful” in this respect. Couldn’t a similar
argument apply to the issue of long-range teleconnections? I would argue that linear wave theory, if
applicable, does have some explanatory power in this case. To say it again: The crucial question is to
find out why the Hoskins-Karoly theory is (seemingly) so successful.

Sincere thanks for opening the discussion on a more fundamental level, I very much enjoy the opportunity
to discuss these issues further here.

First, regarding your arguments about causality with stationary waves. I actually largely agree with
your arguments for the specific example that you focused on—stationary waves excited by topography.
Here, I agree, the forcing can be considered external, and I would add that the forcing is also unques-
tionably stationary. Both of these assumptions I find hard to justify for tropical convection, variations
of which cause the teleconnections in question. Tropical convection pulses diurnally and in case of the
MJO it propagates over thousands of kilometers within a time scale of pentads, which for me makes it
hard to regard tropical convection as a stationary forcing. Further, many studies have documented a
mid-latitude influence on tropical convection (sec. 2.2 in Stan et al., 2017, and references therein), not
the least a link between the NAO and MJO initiation events (Lin et al., 2009), which to me indicates
that the forcing cannot be considered external either.

Second, regarding the discussion about what constitutes an explanation and understanding. I am again
very much with you in that, in a hierarchy of explanations, a more fundamental one is not necessarily
more useful for conceptual understanding than a more abstract one, and often actually less so. At the
same time, I feel the argument is missing its target, because I am not arguing to abandon all high-level
explanations and return to first principles only. Instead, I would like to point out what I perceive to
be a gap in our hierarchy of explanations which is located in-between transient, chaotic, and non-linear
weather on one side, and linear stationary waves on the other side. It is to make apparent this gap that
I point out the limitations of stationary wave theory, not to abandon the theory entirely.

Returning to the analogy in the manuscript: you need inertia-gravity waves to explain how geostrophic
balance can be attained in practice, i.e. why geostrophic balance is not only a mathematical construct but
something that is more-or-less realised in nature. Similarly, we will need to go beyond stationary wave
theory to explain “why the Hoskins-Karoly theory is (seemingly) so successful”. I here propose first go
back to weather to then construct an intermediate level of abstraction that can serve as an intermediate
step linking the so-far unconnected levels of explanation. This is what I want to express by stating:
“If correct, hypothesis 2 provides the missing conceptual foundation. Non-stationary finite-amplitude
Rossby waves regularly propagate approximately linearly over large distances (e.g., Wirth and Eichhorn,
2014; O’Brien and Reeder, 2018). They further have a clear influence on the non-linear evolution of
mid-latitude weather, for example by determining the predominant locations of cyclogenesis (Holton and
Hakim, 2013). It thus seems plausible that they constitute the ordering principle that links the non-linear
instantaneous weather to a linear mean state.” (L106-110).

May be putting it in yet-other words: in my view stationary Rossby waves are a special case (possibly
an important one) in a similar vein as mean patterns dominated by recurring Rossby wave packets are a
special case of mean patterns in general. All Rossby waves all the time communicate some forcing over
large distances, why should it be exclusively stationary waves that create long-distance teleconnections?
In particular if the forcing is only partly external, and clearly not stationary either?

With these supplemental explanations, I trust it becomes apparent that I do not intend to portrait
linear-wave theory as unsound (cf. minor comment on L79).

(3) The second part of the manuscript describes an avenue toward further progress: in an attempt to
diagnose Rossby wave activity, the author suggests to perform some kind of data assimilation into an
idealized model that is able to represent Rossby waves only. This part is rather sketchy, fair enough,
and for me a number of open questions remained. However, what’s more important, could it be that the
author becomes subject to his own criticism? Projecting the complex reality onto a reduced dynamical
model is interesting, but the results inherit some statistical nature. Possibly this prevents a solid causal
interpretation, because all the processes that are not captured by the idealized model are missing in the
alleged causal chain so produced.

3



This criticism seems a bit unfair to me. The current state of affairs is that many-a wave pattern observed
in a time mean is subjectively interpreted as a stationary wave, not infrequently without ever verifying
the interpretation with an actual stationary wave model. And even in those cases where a comparison is
made, the degree of similarity between the linear model and the observations/realistic model remains a
matter of subjective judgement.

In contrast, I propose here

1. to use a rigorously defined and well-tested mathematical procedure to map results from more
realistic models to more idealised ones; a procedure which in addition provides a measure that
quantifies how well the two models fit together at every point in time and space.

2. to vastly increase the complexity of the idealised model by which one is aiming to capture the
essential dynamics of the problem, moving from a linear stationary wave model to (first) a fully
non-linear barotropic model and (second) a quasi-geostrophic model.

It is of course possible that, despite the increased complexity, there still is essential dynamics that is not
captured in the idealised models. Technically this would become apparent through the suggested approach
in that the idealised models require large amounts of forcing at most places and times to keep in sync
with the more realistic model. But if this was the case, this would also cast doubt on all studies trying to
make sense of mid-latitude dynamics in terms of propagating Rossby waves and quasi-geostrophy. While
not strictly impossible, that seems very implausible to me. And besides: were there really a serious and
systematic problem with these bed-rock fundamental concepts of mid-latitude dynamics, it’d be better
to find out rather sooner than later!

More realistically, there will be more-or-less isolated instances in space and time where the idealised
models cannot represent what is happening in the more realistic model, and thus locally and temporarily
require large amounts of forcing to stay in sync. This would not invalidate the outlined approach,
but constitute an essential basis for the analyses that I propose here. Using for example the barotropic
reanalysis, the forcing dataset would point at locations in space and time where Rossby waves are initiated,
modified or dissipated by processes external to the barotropic model. Such a dataset would in my eyes
be extremely helpful, both to address the questions I raise in this manuscript, but also for the wider
community. Also for other idealised representations of the atmosphere it seems extremely helpful to have
available datasets quantifying how valid the different assumptions have been at every point in space and
time over the reanalysis history.

I assume this comment mainly reflects that the overall approach that I suggest in the manuscript has
not become fully clear. I thus expanded this section in the revised submission, in particular to better
explain the ideas behind and potential uses of the idealised reanalyses.

(4) There may be other avenues to increase our understanding of teleconnections in the presence of
large-amplitude eddies. For instance, there have been recent developments of a theory for wave mean flow
interaction that is valid for finite-amplitude eddies, such as Nakamura and Solomon (2010) or Methven
and Berrisford (2015). As we argued in a recent opinion paper (White et al., 2022), such new concepts
may prove useful in the current context: they have the potential to push wave theory towards applications
where finite-amplitude eddies play a major role, and that is exactly at issue in the teleconnection problem.

I agree, and included an overview of different wave activity metrics in the metrics. This much more
comprehensive overview also gives me the opportunity to better justify the need for the approach I am
suggesting here.

Minor issues

Line 39 “small changes in the flow structure. . . ”: do you mean: small changes in the background state
/ background flow?

Yes, that is what I meant, and I reworded accordingly.

Line 79 This section seems to suggest that linear wave theory is not a sound theory as opposed to, for
instance, quasi-geostrophic theory. I do not agree. The problem is not that linear wave theory lacks
foundation; rather, the problem is that it is unclear whether or why linear wave theory is applicable to
the problem of teleconnections.

I do not mean to imply that linear wave theory is generally unsound. Specifically to avoid this mis-
understanding, I write only a few lines earlier (L98-99): “Following the analogy, both geostrophy and
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stationary wave theory are indispensable fundamental concepts for understanding mid-latitude flow.” I
thus hope this specific issue is resolved by my response to major issue 2.

Line 86 what is a “linear mean state”? Do you mean a basic state used in the framework of linear
theory?

Thanks for pointing out the unclear wording. I meant to refer to “mean states that appear to follow
linear stationary theory.”. I rephrased using this wording.

Typos, etc.

Thanks for pointing out these typos and mistakes, they are fixed.

Reviewer 2 – Daniela Domeisen

Major comments

(1) In my opinion the use of the term “teleconnection” for quasi-stationary patterns such as e.g. the
North Atlantic Oscillation is incorrect. The term should be used for what was originally defined in
Wallace & Gutzler 1981 (also cited in this study), which defines teleconnections as correlations between
time variations in meteorological parameters at separated points on the globe. Note that this is my
personal opinion, and I am aware that patterns such as the NAO are often referred to as “teleconnection
patterns”. However, the views of “local” and “global” teleconnections sometimes appear mixed in the
manuscript, and this should be clarified (see detailed comments below).

Thanks for the comment. For me the need to distinguish between local and long-distance teleconnections
only became obvious when writing this manuscript, so it’s good to read that I am not alone in seeing the
need to clearly separate these two concepts.

I am however less sure about a clear historical definition by Wallace and Grutzler (1981). Admittedly,
they require teleconnections to be “between [. . . ] widely separated points on earth” in their first sentence
of the introduction. But already on the following page (their section 2a), they use this term to discuss
different definitions of North Atlantic Oscillation, including ones that I think we both would consider
to be local/regional. I thus don’t think one can claim that Wallace and Grutzer clearly separated these
concepts, and, as you point out yourself, practical usage since surely has not.

Still, I want to clearly separate these concepts in this work, and I thus made sure for every instance
in which I use the term “teleconnection” that it’s clear whether I refer to the more local or long-distance
variant. I also renamed “local” to ”regional teleconnection” as I agree, the term “local teleconnection”
is an oxymoron. I do not have a strong opinion on this issue, but I fear that reserving the term “telecon-
nection” to exclusively refer to the long-distance variant would be more confusing than helpful to all but
very careful readers.

(2) Stationary wave patterns, such as e.g. the Aleutian low, are clearly made up of smaller-scale processes
on shorter timescales – this is well known (e.g. Orlanski, 2005). I don’t think there is much debate of
this point, but of course in the sub-seasonal to seasonal literature this question is not discussed, as it is
the average state or persistence of these large-scale patterns that matters for long-range teleconnections.

I agree. For what I now call regional teleconnections, there are often straightforward and generally
accepted dynamical interpretations in terms of variations of occurrence or properties of single weather
systems. I here put forward a number of arguments for why similar arguments might be true for long-
distance teleconnections, but then in terms of variations in the occurrence of typical synoptic storylines
(cf. your comment on L105-106) that realise an essential part of the teleconnection. Should the hypotheses
I put forward generally hold, also studies of sub-seasonal to seasonal predictability would benefit from
adopting the concepts I am suggesting (cf. also my response to detailed comment L101-106).

(3) “idealized reanalysis”: This is an interesting idea. It’s however not clear how such a reanalysis would
look. Would e.g. other types of waves (gravity waves, Kelvin waves, mixed Rossby-gravity waves, etc)
also be part of the dataset? Which variables would be part of the reanalysis?

The variables available and the dynamics represented will depend only on the specific idealised model used
to create the idealised reanalysis. For example, using the model Bedymo in a QG configuration (one of
the configurations I am proposing to test my hypotheses), there is in essence only one prognostic variable
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(temperature), which, in combination with the (prognostic) surface pressure as boundary condition,
determines the entire model state via QG balance assumptions. Thus, geopotential, horizontal and
vertical wind components could all be diagnostically derived, and would in practice surely also be made
available as part of the reanalysis.

In addition, the reanalysis would for this case provide both temperature and surface pressure forcing
fields required to keep the idealised model more-or-less in sync with the more realistic model used as
observations in the data assimilation. These forcing fields will vary in space and time, pointing out places
and times where (in this example) the QG model cannot represent what’s happening in the more realistic
model (and thus requires a lot of forcing to keep in sync), and likely periods and areas where QG does
not require much forcing to represent the more realistic model result.

In terms of dynamics, there would by QG-definition not be any (mixed-)inertial waves, so in essence
the model would represent baroclinic instability and Rossby waves, their non-linear interactions, and not
much else.

I realise, also in light of comment 3 of reviewer 1 (Volkmar Wirth), that my ideas around the idealised
reanalyses have not fully come across in the original submission. I thus expanded this section to explain
the ideas behind and potential uses of the idealised reanalyses in more detail.

(4) Step IV: “Predictability through teleconnections.”: currently, predictability and causality are gener-
ally evaluated in models using large ensembles that either contain a specific precursor event or not, and
hence the causality can easily be established. Another method involved nudging of the atmosphere to a
certain state to establish causality. It would be helpful to clarify what the approach through the idealized
reanalysis would add to understand the relevant mechanisms.

Thanks for the question. In my view, the main advantage of using the adjoint is that the model itself will
point out those locations and variables in previous time steps to which the solution in the current time
step is most sensitive to. These locations will probably often match expectations from existing literature,
but I am sure there will be surprises where the most sensitive region and variable have not been explored
through the outlined kinds of experiments yet.

In addition it might be worth mentioning that this method would be many orders of magnitude cheaper
computationally than running (or even analysing) a large ensemble or running a dedicated nudging
experiment for every parameter and region that might play a role for the predictand in question.

(5) Step IV: what about precursor processes that are crucial for causing an event that do not involve
Rossby waves? For example, tropical convection is crucial for ENSO and MJO teleconnections, but if I
understand correctly they would not be represented in the idealized reanalysis.

They will be represented not in the model dynamics, but still be part of the reanalysis as the forcing
required to keep the idealised model in sync (cf. response to major comment 3). By matching space and
time, the more realistic model will then help pinpoint which physical processes lead to large idealised
model forcing.

Carrying out this analysis in practice, I am sure there will be surprises also here, where the idealised
model forcing is not in the locations at the times where one might previously have expected, and these
cases will then be particularly interesting to dig into further.

(6) Following up on point 5, and more generally (beyond step IV described in the manuscript), I think the
author may be talking not about teleconnections, but about Rossby wave trains. Teleconnections involve
a much wider range of processes than just Rossby waves, including processes in both the atmosphere and
the ocean (see e.g. Liu and Alexander, 2007). For the concrete example of ENSO and MJO teleconnections
to the North Atlantic that is extensively used in the manuscript, this teleconnection includes a myriad
of other processes beyond Rossby waves, see specific point below (lines 116 -121). Given the use of this
teleconnection for illustration throughout the manuscript I would encourage the author to refer to the
literature covering this teleconnection in more depth (see detailed comment below).

Thanks for bringing this up, I very much agree with the need to include this context. I had included
a discussion of this issue in an extended earlier version of this manuscript and I acknowledge that this
context is lacking in my original submission. I considerably extended the introduction by a discussion
of how the ideas I present in this manuscript relate to the body of work on teleconnections more tele-
connections more generally; based on the review you suggest as well as the more recent and targeted
review of interactions between the MJO and the North Atlantic by Stan et al. (2017). With the MJO
forcing clearly being non-stationary, I think the focus on the MJO will both make my arguments more
convincing and keep the required discussion of different teleconnection pathways between these regions at
a length reasonable within this relatively short manuscript. I still think many of my ideas would translate
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to ENSO-based teleconnections, but I removed remove all references to these from the manuscript and
leave this work as a potential extension should the suggested ideas and hypotheses turn out to be useful.
Further, I rephrased the respective sections to make clear that the outlined approach will only aims to
reinterpret the stationary-wave component of long-distance teleconnections.

Detailed minor comments

Line 11 “Teleconnections can be comparatively local” is not something I would agree with, see major
point 1 above.

Please refer to my response to your major comment 1.

Line 22 “Teleconnections to ENSO and the MJO”: not clear, do you mean “teleconnections originating
from ENSO or the MJO”?

Yes, that is what I meant. But as in response to your major comment (6), I removed all references to
ENSO from the revised manuscript, including this one.

Lines 61-62 the manuscript sometimes goes back and forth between the two definitions of “local”
teleconnections and “global” teleconnections. Although the manuscript is said to focus on the global
definition, sometimes it falls back to the local definition, e.g. “exchange [. . . ] within teleconnections”.
See major point 1 above.

Thanks for pointing out this confusion, I now made sure it is clear which teleconnection variant I refer
to.

Line 54 Hypothesis 3 is formulated much less general than the first two hypotheses. It might be beneficial
for the paper to stay at a conceptual level.

True. The original motivation for this more specific hypothesis was to explain my thoughts based on this
specific example. But I agree, the hypothesis is in principle meant to be as conceptual as the others and
is thus now rephrased in that way.

Line 73 “they are an expression of their existence”: I assume “they” refers to “stationary waves” and
“their” refers to “teleconnections”, is this correct? Please clarify.

Yes, you interpreted correctly. Still, thanks for pointing out the potential for confusion, I rephrased
to “Stationary wave patterns are a symptom rather than a cause of long-instance teleconnections.” to
mitigate.

Line 96 “potential and limits for predictability through these teleconnections”: yes, indeed. See e.g.
Gonzalez-Aleman et al, 2021

Thanks for the pointer, I was not aware of that study. Despite the somewhat different context, it fits the
overall theme of my hypotheses very well in that subseasonal predictability in this case study is mediated
by individual weather events. I am happy to include this citation as an illustration in this context (L136).

Lines 97-100 I don’t agree here. Even for considering teleconnections from a global perspective, and
in particular for the example used here for the MJO teleconnection to the North Atlantic, each step is
usually considered in isolation, see also point below for lines 116-121 and major point 6.

I agree that my formulation was imprecise here. My approach would only replace the step(s) involving
stationary Rossby waves, resolving the synoptic processes that in the time-mean would yield the wave
pattern. I rephrased accordingly.

Lines 101-106 note that this “paradox” is only a paradox for some models. It would be helpful to
understand how the approach here can “solve” the paradox.

Interesting, thanks for pointing this out. I had perceived the “paradox” as a problem shared by many-to-
all seasonal prediction models, although of course to a varying degree. I tweaked the problem statement
accordingly.

Further, I agree, the description of how my approach might help was quite superficial. In more detail,
my reasoning is: given we have established through the suggested activities a few typical storylines (cf.
comment L105-106) of how, on synoptic time scales, the signal of varying convection in the tropical
Indo-Pacific is communicated to the North Atlantic. One can then for every step in the storyline use the
adjoint model to point out the variables and locations to which the given step is most sensitive. This
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information in combination with the forcing patterns in the idealised reanalyses around those locations
should be very useful to narrow down the number of potential processes causing the prediction model to
be over-dispersive. I expanded the discussion in this section along this line.

Lines 105-106 could you elaborate how this is different from the storyline approach?

The approach I suggest here to understand teleconnections as chains of events is indeed similar to the
storyline approach proposed by Shepherd et al. (2018). I had not thought about my approach in that
way, so thanks for bringing up the analogy! I included a reference to their work in the revised manuscript.

An important difference seems to be, though, that my approach complements a storyline-like take on
teleconnections with quantitative analyses that aim to identify probabilities of occurrence and the physical
conditions under which the different links in the chain can operate. This quantitative complement should
be possible for teleconnections, because we there have an archive of many “teleconnection events” that
can be systematically explored for shared essential characteristics.

Lines 116-121 Rossby waves communicating effects of ENSO and the MJO to the North Atlantic have
a myriad of roles. It seems from the manuscript, e.g. also lines 144-145, that the author suggests that
there is a single process acting all the way from the Indo-Pacific to the North Atlantic through Rossby
wave propagation that communicates the effects of ENSO and the MJO to the North Atlantic. First of
all, Rossby waves are not the only process that communicates these effects, e.g. for the pathway through
the tropical North Atlantic, where the Walker circulation plays a major role. For the pathways that are
communicated at least in part by Rossby waves, there is a very wide range of processes. For example, for
the pathway of ENSO to the North Atlantic (this pathway has been shown to be the dominant pathway),
there are the following processes involved:

• Communication of SST anomalies to tropical convection

• Tropical convection to North Pacific storm track and Aleutian low (e.g. Deng, Y., and T. Jiang,
2011)

• Rossby wave propagation to upper stratosphere

• Wave-mean flow interaction from upper stratosphere to lower stratosphere

• Lower stratospheric mean temperature anomaly to tropospheric synoptic eddies in the North At-
lantic

This is just an example showing how many different processes beyond Rossby waves are involved. Given
the message of the manuscript, it would make sense to reduce the analysis to Rossby wave trains rather
than teleconnections (see major point 6 above).

Thanks again for pointing out this omitted context. I considerably expanded the introduction to include
the missing context and rephrased the respective sections to make clear that I am only focusing on the
horizontal Rossby wave propagation component of long-distance teleconnections. For more details I refer
to my response to your major comment (6).

Technical comments

Thanks for pointing these out, they are fixed.
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