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Dear Dr. Jorgensen:

Enclosed you will find responses to the three reviewers’ comments on the manuscript entitled “A Pronounced Upper-Tropospheric Warm Anomaly Encountered by the NOAA G-IV Aircraft in the Vicinity of Deep Convection”, manuscript number 823KJ50.

The reviewers make many substantive and helpful comments that have helped to improve the manuscript.  In response to the comments from reviewers A and B, we have incorporated their suggestions into our revised manuscript.  Reviewer C has raised substantive concerns about the reliability of the data and the reliance on only flight-level data.  As we discuss in our response, there is no way to quantify, from this one case only, how much of the measured temperature increase is attributable to instrument error and how much is a result of some physical mechanism.  As the reviewer mentions, the only way to attempt to quantify such a partitioning is by conducting a comprehensive study investigating multiple events of measured temperature anomalies and comparing the responses of the multiple sensors in the various cases.  Such an approach is planned, but it will likely take years to gather sufficient data for a thorough study.  Our goal here was to present this information as a case of interest for both the scientific and aviation communities.  

I hope that these revisions will enable this manuscript to be worthy of publication in Monthly Weather Review.  Please feel free to contact me if you have any further questions.

Sincerely,

Robert Rogers

Responses to reviewers
Reviewer A

1.  Changed wording to “Figure 1b shows that the onset of the warm anomaly coincided with the most rapid decrease in ground speed1”.

2.  There was a brief period of descent just before the large temperature spike.  This descent corresponded to a significant decrease in updraft magnitude as seen in Fig. 5b.  We chose not to highlight this in the text, though, since the descent was limited and very short-lived.  The significant descent of the plane was not until two minutes after the measured temperature spike, when the pilots, as a safety precaution, initiated the descent.  In the text, we added the following “...rapid decrease in ground speed1, dropping 8 m s-1 in less than 30 s.  To maintain a safe air speed, the aircraft pilots initiated a descent two minutes later (at 1816 UTC) of over one-half kilometer.”  The addition of the time of the descent was to emphasize the fact that the pilots initiated the descent.

3.  Changed text to “wind speeds”.

4.  Yes, that is what we meant.

5.  The location of the text referred to by reviewer A does not stipulate that the subsidence may have been caused by gravity wave propagation.  It could be from a stationary feature such as upper-level convergence between a deep convective feature and the environmental flow field.  In the section where we do discuss the possibility of gravity wave propagation (section 4b), we changed the text to read as follows: “The horizontal scale of the updraft/downdraft couplet seen in the flight-level data (about 6.5 km; Fig. 5b) compares favorably with high-resolution numerical simulations of convectively-generated gravity waves (Alexander et al. 1995), but the vertical velocity anomaly is 180( out of phase from the temperature anomaly (Fig. 5b).  This phasing is in contrast to what would be expected from an internal gravity wave, in which the downward motion would have led the temperature anomaly by 90( (e.g., Holton, 1979).  Therefore, it is possible that a gravity wave was not encountered by the G-IV.”

6.  Added “horizontal motions” to text.

7.  We have added the following text to section 4b: “Recent numerical studies have shown that such gravity waves can produce temperature anomalies with horizontal wavelengths ranging from 10 km (Alexander et al. 1995) to scales comparable to those seen in Holland (1984) (Pandya and Durran 1996).”

Reviewer B

1.  Added reference to text.

2.  We changed all 2-digit references to 4-digit references (e.g., changed 12 UTC to 1200 UTC).  We did not change time references that required seconds (e.g., 18:14:37 UTC).

3.  This change has been included.

4.  In footnote on p. 6, we added mention of the fact that the sensor shown was chosen because it was the most reliable in producing stable, accurate temperature measurements.

5.  This change has been included.

6.  The engineers at AOC have told me that these sensors are available.  Changed “response time” to “time constant” in text.

7.  While this comment raises an important issue, the uncertainties as to the real magnitude of the temperature spike and the fact that we have only presented one such example prevent us from making broad statements regarding the ideal role for the G-IV.  This note does, however, provide a good example of one such temperature anomaly and how the pilots responded to it.  In light of this, we have added the following sentence in our concluding remarks section: “An awareness of the possibility of encountering these features and the appropriate response to them will help pilots in dealing with temperature spikes that will be encountered as the G-IV continues to fly close to deep convection.”

Reviewer C

Reviewer C has raised substantive concerns about the reliability of the data and the reliance on only flight-level data.  One concern raised by the reviewer is the use of only one case encountered by the G-IV as the basis for this Note.  The purpose of this manuscript was to document a case of a measured upper-tropospheric temperature anomaly and compare it to ones documented in previous articles.  It was not intended to be a comprehensive review of the upper-tropospheric response to deep convection or the details and reliabilities of temperature sensors in various environments.  Instrument uncertainties and physical processes are obviously crucial factors to consider in attempting to explain what was measured, and we have attempted to discuss them within the context of a submission to Notes and Correspondence.  A more comprehensive study, including other cases measured at flight level and with GPS dropsondes, is currently planned, but it will take several years to gather sufficient data for a thorough study.  Our goal here was to present this information as a case of interest for both the scientific and aviation communities. 

Another concern relates to the uncertainty in the degree to which the measured temperature anomaly is attributable to meteorological processes and to instrument error.  There is little doubt that a substantial amount of the measured temperature anomaly is due to instrument error.  However, as we mention in the text, the near coincidence of the temperature anomaly with anomalies in the wind field and the spatial and temporal coherence of the various anomalies suggests that some physical process is occurring.  As Reviewer C mentions, the only way to attempt to quantify such a partitioning is by conducting a comprehensive study, investigating multiple events of measured temperature anomalies and comparing the responses of the multiple sensors in the various cases.  This approach, while likely yielding beneficial information, would involve a complete re-write of the paper into a full-length journal article.  Again, this is the subject of future work to be conducted.

Additionally, in response to Reviewer C’s suggestion, we have moved the satellite and radar figure forward by one, so that Figure 4 is now the satellite and radar figure and Figure 5 is the flight-level time series data. 

A final concern raised by Reviewer C relates to the figures shown.  Reviewer C recommends that we show a dewpoint trace and the temperature trace showing all four temperature sensors.  While dewpoint measurements at this altitude are often highly inaccurate (James Franklin, personal communication), we have decided to include the time series in Figure 5 to show that significant icing is occurring.  The dewpoint does show a significant rise before the temperature anomaly, but this increase in dewpoint is not until nearly 20 s after the initial perturbation in the wind speed (Fig. 5c).  Therefore, it is likely that any measurement errors in dewpoint and temperature have negligible impact on the wind speed measurements, at least initially.  Inclusion of the four temperature time series, while highlighting the inconsistencies of the different temperature sensors, would require significant explanations in the text that would detract from the flow of the paper.  It is clear that all four sensors measure a warming, albeit of significantly different magnitudes.  We feel it is sufficient to mention in the text the different magnitudes of the warming and highlight how these differences are likely illustrative of the icing error discussed in the text.

