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In this manuscript, the authors study interhemispheric teleconnections due to tropical heating using the QTCM theory and compare it to a so-called "simple model". They study the effects of baroclinic to barotropic conversion through the nonlinearity of vortex stretching, the linear surface drag terms and the nonlinear vertical advection effects.  It is found that vortex stretching contributes significantly to barotropic conversion with surface drag being an important secondary mechanism. Comparisons are mode to a "simple model" of Lee et al. (2009). Not knowing this model, it seems that it is simply the steady state solution of QTCM.

I think the work begins to be interesting, but the paper is poorly written and poorly connected to previous work and needs significant revision before it is acceptable for publication.

My main comments are

1) Section 2 is poorly written - I give specific indications below, but it must be written more clearly and in a more self-contained form in order to be published.
Response to reviewer:

We have rewritten Section 2 following each specific indication. 

2) What is this, so called "simple model"?  Is it just the steady state equations?  Not much time is spent on discussing it, nor is much time spent on discussing the results of the simple model.  

Response to reviewer:

We have elaborated our description of the simple model in several places. The simple model used in this paper is a steady-state two-level atmosphere model linearized about the background wind fields based on Lee et al. [2009]. When it is forced by a localized heating at 500mb in the tropics, this model reproduces baroclinic responses familiar from the Matsuno–Gill model as well as barotropic teleconnection responses to mid and high latitudes. 
3) The results presented in the manuscript are completely consistent with Biello & Majda's asymptotic theory, which was articulated in three (not two) earlier papers. [At the risk of losing anonymity, I would point out the work in Studies in Applied Mathematics, where Biello & Majda discussed equatorial asymmetric Rossby waves]. This earlier theory was a dry theory, but the authors repeatedly refer to the necessity of an active moisture feedback to get the teleconnection response. So, what is it? How important is the active moisture response really? This should be quantified in a more systematic way than "look at the plot".

Response to reviewer:
We very much like the previous asymptotic theory of Biello and Majda. So we devoted a large portion in the introduction to those works. We apologize for missing one reference. And we have carefully added a discussion of it. Compared to the previous work, our study provides a more quantitative description of the forced stationary waves in teleconnections, in basic states based on particular observations with particular applications. 
In our discussion of the moist feedback, we refer to the role of moist feedback as one of the elements that occur along the pathway of interhemispheric teleconnections. The effect of the moist process on the initial tropical heat source can be very well quantified by local and remote precipitation anomalies. In our analysis, we specify portion of the precipitation induced heating to look at the teleconnection response in the model.
I think this is an interesting study and a potentially interesting result, but the paper in its current form needs more fleshing out and pruning (see below) before it is acceptable for publication.

Response to reviewer:
We thank the reviewer for all the great comments. They certainly help to improve our paper.  
------

Section 2: Issues of clarity of presentation!!  Section 2 is a mess and needs to be significantly rewritten. This is a major revision in the sense that the confusion created by the writing in section 2 completely undermines the conclusions of the rest of the paper. 
1)  QTCM should be presented more clearly in section 2. It is clear that the authors understand the details of QTCM, but they talk about vertical Galerkin projection, and then only present the barotropic mode (subsection (a)). In subsection b, the re-iterate that they are working with a two level model and say that the baroclinic response is Matsuno-Gill. But, Matsuno used an undamped model - so there should be waves. Gill used simple linear damping - so that the solutions went to an equilibrium. However, these solutions are quite sensitive to the amount of damping chosen.
Response to reviewer:
We have added an appendix with a full summary of QTCM1 equations for reference. We have added phrases to emphasize the effect of damping in the simple model.
2)   Line 163 "the equations are linearized"

Response to reviewer:

Corrected.
3)  If the simple model is a purely diagnostic model (as suggested by equations 4 and 5), then it is likely to be very sensitive to the choice of diffusion parameters. How are these determined and have any sensitivity tests been done? Some physical/mathematical justification for replacing time evolution equations with their steady state counterparts should be provided. 
Response to reviewer:

We have added the following in the paper for clarification. For the simple model experiments, the internal gravity wave speed, cg, is set to 60 m/s, which is a typical value for the tropics used in previous studies (e.g., Kleeman 1989; Zebiak 1986). The thermal damping coefficient, gamma, is set to 1/ (2 days) following Gill (1980), while the barotropic and baroclinic horizontal mixing coefficients, A0 and A1, are set to 2.5×10^5 m2/s and 10^6 m2/s following Wang et al. (2010). The two linear momentum damping coefficients, r0 and r1, are set to 1/ (3.5 days) for compatibility with the QTCM. Neelin (1988) and Lin et al. (2008) discuss how different choices of the three baroclinic parameters, cg, r1, and gamma affect the solution of the Matsuno–Gill model.
Since the current model is designed to simulate a steady-state response of the atmosphere to heating anomalies, the time derivative terms are dropped.
4) In section 2, can the authors just please write down the full suite of equations that they are solving?  Writing like this:

 "To turn on the vertical advection mechanism, we implement the background baroclinic divergent flow in the Lee et al. (2009) version. Specifically, in the barotropic vorticity equation, this will activate a forcing term representing the background baroclinic divergent flow interacting with the baroclinic anomalies to force the barotropic response" 

is completely obfuscating.  Just write the equations all in one place and describe the terms and the approximation. 

Response to reviewer:

We have rewritten this part with the full suite of equations and explanations of each term.
5) On line 187 - where have you defined \chi_1?  Again, just write out the equations you are solving and describe the terms, one by one.  Describe the approximations, one by one - then it will be clear.

Response to reviewer:

We have added the definition and explanation of each term.
6) Please re-write the convoluted sentence which begins on line 216.

Response to reviewer:

We have rewritten the sentence.
7) The sentence "Results for the flow will be primarily represented by the streamfunction, which is obtained in the QTCM by taking 
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of (3), and is given directly by the simple model." is false. You have to integrate (3) and then take the inverse Laplacian to get the stream function. Just remove this sentence entirely.

Response to reviewer:

Removed.
-------------

Section 3

1) Figure 3 a, the heading is incorrect, should be m^2/s^2.
Response to reviewer:

Corrected.
2) In line 278 - 279 "however, its forcing effect cannot be ignored where large vertical velocities are present." This is such a vague statement. Why can it not be neglected?  It seems arbitrary. If the contours in figure 3 are correct, then it is significantly less than other advection terms. Interestingly, it seems that the vertical velocity effects (3c) are coincident with (and compensatory to) the surface drag effects. This would seem worthy of discussion
Response to reviewer:

We added a new figure (now Fig. 3) of the forcing effects of all three mechanisms before the inverse Laplacian transform. In this view, it can be seen that the vertical advection has a large contribution locally around the heat source as well as remotely in the southeast Pacific. And in the original figure (now Fig. 4) showing the three terms after the inverse Laplacian is taken, the amplitude of the vertical advection term is comparable with the surface drag term locally, and its remote signals are statistically significant. We have expanded and adjusted our discussion of these two important figures in section 3.  
In addition, we feel that it’s necessary to add a panel showing only the baroclinic forcing component in the surface drag
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in our new figure (panel d), which shows us the real forcing effect of the surface drag term before it is compensated by the barotropic damping term
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. Since the vertical advection term also have a component of
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. We can expect that the two terms do coincident and compensatory to each other to some extent as they contain a common contribution from 
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3) Line 283.  "of moist process participation in the" - one would say "that moist processes enhance the"
Response to reviewer:

Rephrased.

4) The authors do not present any figures demonstrating the initial 6 mm/day enhancement of the precip as mentioned in section 3c. If they are comparing this to the simple (steady state) model, why does the transient matter?
Response to reviewer:

We realized that the phrasing is confusing. We rephrased to make this clear. An anomalous heat source is prescribed in QTCM. The precipitation enhances the prescribed heat source by 6 mm/day, which is as large as what is prescribed. There are no transients involved here.
5) It is not at all clear to this reviewer what is learned by the small change in the heating anomaly in section 4d.  Essentially the barotropic response is the same, but shifted.   This section should either be excised, or significantly elaborated upon - it seems like it is just thrown in.

Response to reviewer:

We elaborated the motivation better. The precipitation elongation by moist process into the ITCZ region is also seen in GCM experiments and may potentially add much difference to the teleconnections from the AWP region. We would like to quantitatively investigate the effect of this by specifying a heating in the ITCZ region.
------------

Section 5 - Discussion

1) Is the simple model a "linear wave model"?  It what sense, because there are no waves without time derivatives and I don't see any time derivatives in equations (4) and (5)!
Response to reviewer:

We clarified our description of the simple model.
2) When the authors say     "the Rossby wave source due to vertical advection is significant in locations where the vertical velocity and vertical shear are both large"    they mean the CLIMATOLOGICAL vertical velocity.    I think this should be emphasized.
Response to reviewer:

We emphasized this point by adding “climatological” in front of the vertical velocity.
Reviewer #2: General Comments:

This study tries to understand the atmospheric response to a specified tropical heat source and the interhemispheric teleconnections as the authors call it.  They use two types of models, one with and one without moist convection explicitly included in the model.  They linearize both models about a June, July, and August zonal mean basic state and prescribed idealized heat source in both models.  The idea is to tease apart the interaction between the barotropic and the baroclinic components in the model and determine the importance of three different "forcing" mechanisms in inducing the barotropic responses, i.e., shear advection, vertical advection, and surface drag.  These three mechanisms are themselves part of the response, but the baroclinic components of the response.  They also emphasize the role of moist feedback in the response by comparing the dry and moist model.

I have some fundamental concerns to their approach and the motivations for separating the baroclinic and the barotropic responses.  Their experimental design using the moist model version (QTCM) is fundamentally flawed.  They also seem to reinvent the wheel for something that is well understood in the literature and not seem to put their study in the context of what had been done in the past.  I will elaborate these concerns below.  Based on my assessment of the paper, I suggest a reject/major revision.

Specific Comments:

 1.  Fig. 1 - When one specifies a tropical heat source in a model (say in the tropical Atlantic warm pool region), this heat source represents latent heat release associated with precipitation.  If one were to run a model with explicit moist convection scheme, then the model has to generate precipitation that is consistent with the vertical motion generated by the prescribed heating.  This is not a feedback process, but simply a consistency requirement.  I am surprised that the authors find this so-called moist feedback interesting and important.  This is clearly a case of double counting the effect of heating one is trying to represent in this type of simple model and thus cannot be understood as physically realistic. 

Response to reviewer:

We agree with the reviewer that when one specifies a tropical heat source in a model, one can assume that the heat source represents latent heat release associated with precipitation. But there is no reason that there can’t be a different heat source, which would then be fed back on by a moist model. Or one can view it in terms of simply doing a Green’s function for response study, where a heating is prescribed and then amplified it as a part of the response. We do not seeany contradiction here. [SKL: We may need a different strategy in addressing this comment. This question is very important and related to section 3.c.  IMHO, the reviewer is, at least partly, correct. The precipitation within the region of prescribed heating is indeed a consistency requirement, However, outside of the region of heating, the model precipitation is caused by a moist feedback. I think that we should make these points clear in the reply as well as in section 3.c .Neelin et al. 2003 is a good reference here.]
2.  Since the authors are examining the streamfunction response to a prescribed tropical heat source in a zonally symmetric basic state, the wave propagation depicted in Fig. 2 can be explained simply by linear Rossby wave propagation.  What the authors are showing differently in Fig. 2 is the barotropic (b) and the baroclinic part separately.  In the past, this same problem is examined in terms of Rossby wave source (Sardeshmukh and Hoskins, 1988) - thus the convergence and divergence flow as the forcing to the barotropic flow.  How do the three forcing mechanisms shown in Fig. 3 differ from the idea of Rossby wave source and the convergence/divergence field forced by the heating?  This study seems to be reinventing the wheels of what had been studied thoroughly in the past.

Response to reviewer:

We carefully cited the Rossby wave source of Sardeshmukh and Hoskins (1988), in which study, they specify a vorticity source (an upper troposphere divergence) in a barotropic equation. But this approach is just a convenient fiction that fails[SKLEE: In my opinion, “a convenient fiction that fails” is too strong and most likely make the reviewer upset] to answer the question of what causes that divergence in the upper troposphere. Clearly, if you didn't have a basic state shear, as well as the basic state vertical velocity and surface drag, the barotropic and baroclinic modes could go separately, and there would be no Rossby wave source there. So, we are not really reinventing the wheels. We are trying to directly diagnose and assess the terms that link the baroclinic mode and the barotropic mode in the way they appear as the source terms in the barotropic equation. We apologize for the obfuscation in the original manuscript, and we have expanded our introduction to make this point clear.  
3. Section 3d, line 304: "? in addition to the Atlantic? can induce convective heating anomalies in the eastern Pacific." I don't see any convective heating anomalies in the eastern Pacific in Fig. 1b.  What is this moist-feedback process induced convective heating coming from?  Overall, I find the placement of prescribed heating arbitrary except the Atlantic Warm Pool region.

Response to reviewer:

The Eastern Pacific heat source in original Fig. 4 was inferred from the previous GCM studies, which corresponds to the precipitation response to the Atlantic Warm Pool and extends further into the ITCZ region in the Northern Pacific than that in the QTCM. We replaced the original Fig 4 by one with a heat source (shaded) prescribed corresponding to the precipitation response from the QTCM results (Fig 1b).We can see that the barotropic streamfunctions response is extremely similar to the original Fig 4, thus this does not alter our analysis in the moist feedback process. We have also added a discussion of the sensitivity of the model response to the extension effect of the moist feedback.   

4.  Section 3e:  Why is a heating placed in Central Pacific differ from the heating in the Atlantic if the basic state is zonally symmetric and the prescribed heating is of the same shape, size and amplitude?  It seems that the difference is caused by the precipitation feedback (Fig. 5b versus Fig. 1b), but how does this difference come about if the model starts with zonally symmetric state and not knowing where the Atlantic or Pacific is purely based on the model parameters?  Is there anything in the experimental design that distinguishes the geographic region?

Response to reviewer:

In the QTCM experimental design, we only disturb the zonal background wind fields by replacing QTCM's own zonal background with the NCEP/NCAR reanalysis. The QTCM still has its own meridional and vertical wind fields which we do not disturb. Thus the model has zonal asymmetry. 
Journal of Climate manuscript review

Authors:  Ji, Neelin, Lee, Mechoso

Title:  Interhemispheric teleconnections from tropical heat sources in intermediate and simple models

Summary

Using two simplified models, the authors examine physical mechanisms that contribute to baroclinic-barotropic interactions that are ultimately expressed as interhemspheric teleconnection patterns.  A localized heat source is first applied to the Atlantic Warm Pool (AWP) region in a version of the Quasi-Equilibrium Tropical Circulation Model (QTCM).  Three processes—shear advection, surface drag, and vertical advection—are involved in the baroclinic-barotropic energy exchange, where the initial baroclinic equatorially-trapped signal is converted into a equivalent barotropic Rossy wave signal in the midlatitudes.  The shear advection contribution is generally largest within the area of the baroclinic response, the surface drag is both moderately strong and globally extensive, and the vertical advective component is weakest except in regions of enhanced vertical motions.  Modified versions of a simpler, linearized model confirm the QTCM results and indicate that surface drag is effective at spreading the barotropic signals into the Southern Hemisphere.  Further analysis of the QTCM suggests that moisture feedbacks (and the location/basic state of the applied heating) are important for the resulting teleconnection patterns.

Overall Assessment


Accept with major revisions.  The manuscript is well written and organized clearly.  The introduction is quite good in describing where the current study fits into the research community, and the description of the relevant aspects of QTCM is helpful.  Although most elements of the paper are good, I was expecting a more elaborate discussion of the results (see major comments below).  Once this major item and the other minor comments are addressed and corrections are made, the paper will be a welcomed addition to the climate dynamics community.

Major Comments

(1) Although I advocate for (and strive to produce) short, succinct journal articles, I felt that Section 5 would benefit from further discussion of the results.  Section 5 basically just restates the results without connecting them to the “bigger picture” (I’m often guilty of doing this, too).  (Re)Touch on how this study and its methodology differ from previous studies, briefly discuss how and why these results are important to the climate dynamics community, perhaps highlight broader impacts as well.  What implication might these results have on future studies using QTCM (or other similar models) or studies of teleconnections in general?

Response to reviewer:

We thank the reviewer for all the great comments. They certainly help to improve our paper.  We have added several sentences in the introduction as well as a paragraph in the discussion section to address these aspects.  

Minor Comments

L89:  Remove first instance of “convective”

Response to reviewer:

Removed.

L130-132:  Do the authors have any expectation that their results would be significantly different if a more complex version of QTCM was used instead of the simpler version?

Response to reviewer:

We rephrased to expand and mention possible difference if boundary layer is included

L139:  This (and most of the other mathematical equations/fonts) was fuzzy and difficult to read.  This was probably a file conversion issue.

Response to reviewer:

We apologize for this inconvenience. The format issue  is now corrected.
L192:  After the mathematical term, best to end sentence here and begin the next as “In our experiments…”

Response to reviewer:

We have adjusted the format.

L213-216:  There are clear advantages for using this simplification.  However, owing to the muted baroclinic instability and poleward transport of moisture, would this potentially overemphasize QTCM’s moisture feedbacks as discussed in Sec. 3c?

Response to reviewer:

We added sentence with additional caveats.

Fig. 3:  Mismatched units in plot headings (Fig. 3a).

Response to reviewer:

We have corrected the typo.

L276:  “fairly substantial” Can this be quantified?  It would benefit the paper to apply statistical significance testing to the figures, where appropriate.

Response to reviewer:

We replaced the original Fig. 3 by a version with statistical significance test. The shading indicates the area that is statistically significant at 99% confidence level from a student’s t-test We can see that the forcing effects from the three source terms are all statistically significant.
L277:  “most modest” ( “weakest”

Response to reviewer:

Changed.

L290:  “3c” ( “3d”

Response to reviewer:

Corrected.

L345-346:  Did this set of parameter values give optimal results (i.e., are these choices empirically based?  A result of tuning?) ?

Response to reviewer:

We added sentence to explain the reasons for choosing those parameters

Fig. 7:  Add multiplier (as in Fig. 2 plot titles, 107 m2 s–1) to caption?

Response to reviewer:

Added.
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