
Response to comments by Reviewer #3  
 

Thank you very much for your valuable comments and suggestions. Please see below for our answers 

to yours.  

 

In this paper, a comparison is made on estimates of the transformed Eulerian mean momentum and 

thermodynamic budget terms from 4 reanalysis datasets: MERRA-2, JRA-55, ERA-Interim, and 

CSFR. Their results clearly show differences amongst these datasets. My main concerns on this 

manuscript are:  

 

1.  Presenting the difference magnitudes and large uncertainties shouldn’t be the highlight. The 

manuscript needs to explain what these differences mean in terms of the physics of the atmosphere for 

the highlights to be suitable for publication in a journal like Atmospheric Chemistry and Physics. Are 

the differences enough to suggest that some of the reanalysis suggests a significantly different form of 

dynamics is occurring? There may also be instances when the difference values may simply be just 

noise. The noise-signals and physical signals need to be clearly pointed out. Once the authors focus 

more on what differences actually signify crucial Physics differences amongst the reanalysis datasets, 

they may be able to improve the organization of the manuscript.  

 

We believe that showing the uncertainty range for TEM variables and terms from multiple reanalyses 

is very important, and furthermore that these estimates are fundamental to both the current prevailing 

practice in analyzing these data products and our ability to interpret such analyses. We explain in 

further detail below.  

 

The reanalysis system consists of a forecast model, assimilation scheme, and assimilated observational 

data. For the dynamical core of the forecast model, we believe that all four reanalyses use good, 

reasonable models. Choices of particular sub-gridscale parameterizations differs among different 

reanalyses, as summarized in Chapter 2 of the S-RIP Final Report (SPARC, 2022) for these four and 

other reanalyses (e.g. radiative transfer schemes in Table 2.4, convective parameterizations in Table 

2.6, and gravity wave drag parameterizations in Table 2.7). We believe that the four reanalyses 

analyzed in this manuscript all make reasonable choices for these parameterizations (please refer to 

the response letter to Reviewer #1 where we show zonal acceleration data for these four reanalyses.) 

These systems are complex, and it is sometimes but not always possible to attribute particular 

anomalies to the use of a particular parameterization. A good example is provided by MERRA-2’s 

treatment of gravity wave drag. In MERRA-2, an increased latitudinal profile of the gravity wave drag 

background source at tropical latitudes and increased intermittency are applied to ensure that the 



forecast model can produce a spontaneous QBO. However, this treatment resulted in unrealistic 

tropical zonal winds in the stratosphere in the 1980s (Figure 2 of Kawatani et al., 2016), when data 

assimilation constraints were weaker than in the 2000s.  

 

Furthermore, the final reanalysis data products are largely determined not by particular choices in the 

forecast models, but rather by the observational data assimilation. In some cases, particular parameter 

settings in the assimilation scheme can result in obvious biases in the reanalysis products. Good 

examples include the CFSR QBO issue (Saha et al., 2010, see the section on “QBO problem in the 

GSI”), the near-zero and sometimes even negative values of water vapour at and above the tropopause 

in CFSR (Davis et al. 2017, Wright et al. 2020), and the ERA5 vs. ERA5.1 issue (Simmons et al., 

2020). Some of these issues have been noticed and solved by re-running the reanalysis systems for 

particular periods, but smaller issues are often not corrected or even noticed by the reanalysis centres. 

Some of the differences shown in the manuscript may emerge from these kinds of issues, but as data 

users it is practically impossible to attribute these issues unequivocally without conducting parameter-

perturbation experiments, which is naturally the province of the data producers. Our role is instead to 

identify and highlight the issues so that they are more likely to be attributed and addressed in future 

development.  

 

In addition, we do not have “reference” observations for each of the TEM terms and variables, and we 

therefore must rely on reanalyses for these terms and variables. Uncertainty ranges obtained from 

multiple recent reanalyses are thus important for evaluating and especially quantifying our current 

understanding of the atmosphere from the TEM point of view.  
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2.  In describing the reanalysis datasets somewhere in the methodology, more needs to be said on the 

differences in the physics that each model is known to already exhibit. These need to be described in 

a way that would help readers already get an idea of potential differences amongst the model.  

 

We will add an overview of the reanalysis systems written above to Section 1.  

 

 

3.  The results spend too much time describing dynamics that are already well-known. For example, 

the first sub-section describing REM means may be reduced to solely focus on the issues regarding 

the calculation of v* or w*. The results need to be re-written in a way that immediately focuses on the 

physical and/or unphysical differences amongst the reanalysis with one another and/or with REM.  

 

We will shorten the description of the REM results, but would like to retain the relevant figure panels 



(i.e. for temperature and zonal wind) and thus some text. This is because the REM results are needed 

for part of the interpretation later. Also, we believe that these panels provide a helpful reference for 

future studies, as we have already found them useful in this context in our own work.  

 

 

4.  Showing DJF dynamics without mentioning sudden stratospheric warming dynamics isn’t a good 

idea. Your methodology indicates the calculations uses monthly-mean. To mention SSWs requires the 

use of, at least, daily-mean datasets. You can choose to do this, or instead show one equinox season.  

 

First, in this manuscript, we intend to show and discuss the seasonal background states against which 

various short-term fluctuations and events occur, including SSWs. We believe that the DJF 

climatology will be important and useful for further studies including those on SSWs.  

 

Regarding SSWs, Chapter 6 of the S-RIP Final Report (SPARC, 2022; see also references therein) 

extensively investigated SSWs across multiple reanalyses. In particular, an intercomparison of the 

momentum budget in reanalysis products during SSW events was conducted by Martineau et al. 

(2018a), who also compared temperature and meridional heat flux. Also, Martineau et al. (2018b) 

showed the thermodynamic budget for a particular SSW event.  

 

Please note that results for MAM and SON are shown in the Supplement. We chose to show DJF and 

JJA in the main text because DJF and JJA are the two contrasting seasons often discussed in the 

literature.  
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I recommend major revisions for this manuscript. 

 

We hope that the above explanation has clarified the key points of our manuscript.  


