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June 27, 2007
Dr. Mark New
Editor

Geophysical Research Letters
Dear Dr. New:


Enclosed you will find a revised manuscript and point-by-point responses to the reviewers’ comments on the paper by R. Rogers and E. Uhlhorn, entitled “Observations of the structure and evolution of surface and flight-level wind asymmetries in Hurricane Rita (2005)”, manuscript number 2007GL030304.

The reviewers raised several valid concerns with the paper, primarily related to the lack of sufficient detail regarding the role of vertical shear in governing the asymmetries in the wind field.  Reviewer B also had questions about whether the manuscript presents anything new, had questions about the analysis methodology, and pointed out some other studies on Rita that we should have included.  As for the comments about vertical shear, we certainly agree that shear likely played a significant role in the development and evolution of asymmetries in the wind fields.  In fact, a primary motivation for us continuing the analysis of this specific case in future work is so that we can diagnose the impact of vertical shear on the structure of the wind fields at multiple levels (i.e., not just at flight-level and the surface). 
While the impact of vertical shear is likely significant in this case, it is not the purpose of this paper to demonstrate that.  The purpose of this paper is to demonstrate the utility of a data source, the Stepped Frequency Microwave Radiometer (SFMR), which has only recently begun to be used to show the structure and evolution of surface wind fields and how they relate to flight-level winds.  We discuss the relationships between surface and flight-level winds in the context of previous work that uses alternate data sources (primarily flight-level and dropsonde data) to study the azimuthal and vertical variations of winds as a function of storm motion and friction discontinuities.  We highlight aspects of our analysis that agree with previous studies and those that disagree (and hence suggest that some physical processes may not have been included previously).  We chose Rita to illustrate the value of the SFMR since this case showed significant evolution over a multi-day time period.  
For these reasons we feel that this manuscript does present something new.  To our knowledge no other papers have appeared in the literature that have used this dataset for this purpose, as noted by one of the reviewers.  To show the importance of specific physical processes, such as vertical shear, low-level moisture distribution, or eyewall replacement, in governing the structure of the wind field requires a case study that relies on a variety of data sources, analyses, and diagnostics over all three days – something which is beyond the scope of a GRL manuscript.  We do intend to perform just such a study for future work, however, which we discuss in the final section of this manuscript. 
As a result of these comments we have substantively revised the paper.   We have removed any mention of vertical shear in the manuscript to enable us to focus solely on documenting the surface and flight-level wind fields and comparing their relationship to previous studies.  We have also clarified some text and added important references that were erroneously left out of the original manuscript.
We feel that these modifications have significantly improved the manuscript, and we hope you will find it acceptable for publication in Geophysical Research Letters.
Sincerely,

Robert Rogers

Reply to comments from Reviewer #1:


The primary critique from Reviewer #1 is that we do not discuss in enough detail the impact of vertical shear on the structure of the wind field at the surface and at flight-level.  We certainly agree that shear likely played a significant role in the development and evolution of asymmetries in the wind fields.  In fact, a primary motivation for us continuing the analysis of this specific case in future work is so that we can diagnose the impact of vertical shear on the structure of the wind fields at multiple levels (i.e., not just at flight-level and the surface).  While the impact of vertical shear is likely significant in this case, it is not the purpose of this paper to demonstrate that.  The purpose of this paper is to demonstrate the utility of a data source, the Stepped Frequency Microwave Radiometer (SFMR), which has only recently begun to be used to show the structure and evolution of surface wind fields and how they relate to flight-level winds.  To show the importance of specific physical processes, such as vertical shear, low-level moisture distribution, or eyewall replacement, in governing the structure of the wind field requires a case study that relies on a variety of data sources, analyses, and diagnostics over all three days – something which is beyond the scope of a GRL manuscript.  We do intend to perform just such a study for future work, however, which we discuss in the final section of this manuscript.  As a part of this future work we plan to address many of the issues raised by Reviewer #1, such as calculating shear over multiple layers using the inner-core airborne radar data and dropsondes, comparing the diagnosed tilt direction from the SFMR and flight-level winds with tilt calculated at multiple levels from the airborne radar data, and comparing the observed tilt direction with the shear direction.


As a result of the comments from both reviewers we have substantively revised the paper.   We have removed any mention of vertical shear in the manuscript to enable us to focus solely on documenting the surface and flight-level wind fields and comparing their relationship to previous studies.  We have also clarified some text and added important references that were erroneously left out of the original manuscript.

Specific points

1. While these are all very good points and suggestions, we have removed all mention of vertical shear from the manuscript so that we can focus using the SFMR and flight-level winds to document the wind field at these two levels and its evolution over time.

2. We have added these references to the manuscript.

3. This is a valid point.  We have changed the title to reflect this more accurately.

4. We have reworded the sentence, removing this language.

5. Done.

6. We have changed the wording to reflect this, and added a reference to Table 1.

7. Done.

8. We have changed “small” to “marked.”

9. We have added a mention of the consistency between the rotation of the asymmetry on the 22nd and 23rd with that shown in the Kepert articles.

10. Done.

11. We have increased the reflectivity scale.  We did not add the shear vector since we removed any explicit mention of vertical shear (see comments above).

12. Done.

Reply to comments from Reviewer #2: 

The main critiques from Reviewer #2 are that the paper does not present anything new, that we are basing conclusions on a limited sample of flight tracks, and that we failed to included several relevant references.  While there have been numerous studies in the literature documenting the impact of vertical shear on convective/rainfall asymmetries, there are comparatively many fewer observational studies that document the impact of vertical shear on the magnitude and distribution of horizontal winds in the inner core of tropical cyclones.  Most studies on processes governing tropical cyclone wind field structure have looked at the impact of storm motion and friction discontinuities in generating asymmetries in the horizontal wind field.  The purpose of this paper is to demonstrate the utility of a data source, the Stepped Frequency Microwave Radiometer (SFMR), which has only recently begun to be used to show the structure and evolution of surface wind fields and how they relate to flight-level winds.  We discuss the relationships between surface and flight-level winds in the context of previous work that uses alternate data sources (primarily flight-level and dropsonde data) to study the azimuthal and vertical variations of winds.  We highlight aspects of our analysis that agree with previous studies and those that disagree (and hence suggest that some physical processes may not have been included previously).  We chose Rita to illustrate the value of the SFMR since this case showed significant evolution over a multi-day time period.  


For these reasons we feel that this manuscript does present something new.  To our knowledge no other papers have appeared in the literature that have used this dataset for this purpose, as noted by Reviewer #1.  To show the importance of specific physical processes, such as vertical shear, low-level moisture distribution, or eyewall replacement, in governing the structure of the wind field requires a case study that relies on a variety of data sources, analyses, and diagnostics over all three days – something which is beyond the scope of a GRL manuscript.  We do intend to perform just such a study for future work, however, which we discuss in the final section of this manuscript. 


Another critique was that we did not use all of the flight legs in our analyses.  The reason for this was that we wanted to focus on the day to day variations in the structure of the wind field at the surface and at flight-level.  Including multiple figure-4’s from a given day would have introduced variations in the structure and intensity of the vortex on an hourly time scale, which would have clouded some of the interday comparisons.  For example, on September 21 the storm intensified by a full Saffir-Simpson category between figure-4 patterns.  Such an intensification would have resulted in a significant difference in the values of the azimuthal mean winds, and possibly in the asymmetries.  Since we wanted to focus on the variations in the asymmetries from day to day, we used only a single figure-4 from each day.  We have added a mention of this in the manuscript.  


We have also included several references that Reviewer #2 pointed out.  These should have been included in the original manuscript.

As a result of the comments from both reviewers we have substantively revised the paper.   We have removed any mention of vertical shear in the manuscript to enable us to focus solely on documenting the surface and flight-level wind fields and comparing their relationship to previous studies.  We have also clarified some text and added important references that were erroneously left out of the original manuscript.

1) This is a valid point.  We have changed the title to reflect this more accurately.
2) We have included references to these papers in the manuscript.  They should have been included in the original version.

3) While it is true that simultaneous measurements of flight-level and SFMR winds have been collected for many years, this is the first time to our knowledge that this data has been used for the purpose of diagnosing the structure and evolution of the surface wind field in comparison to flight-level winds.  The Black et al. 2002 MWR paper does not use SFMR data; rather, it relies on flight-level, lower fuselage, and tail Doppler radar data to study the impact of vertical shear on rainfall and vertical motion asymmetries.  The Black et al. 2007 BAMS paper does include SFMR data, but only to create analyses of surface winds using the H*Wind program.  We have included this reference in the manuscript, though, since it does mention the SFMR.
4) We have added this mention to the manuscript.

5) We have modified the text to reflect the potential of a concentric eyewall pattern being present from the LF data, and then included the reference to the Houze et al. Science paper as confirming this.
6) We calculate the mean and perturbations from the specific flight legs presented in Table 1.  These legs represent a full figure-4 pattern, covering four quadrants of the storm.  We did not include data from the other figure-4 patterns for each day because that would have introduced temporal variations in the means (and possibly the perturbations) on the time scale of an individual flight.  Since our focus was on day-to-day variability in the structure of surface and flight-level wind fields, we chose to include just a single figure-4 pattern from each day.  We do not feel that this compromises the viability of the analyses.

7) We are unsure of the precise meaning of this critique.  If the reviewer is referring to Fig. 4a, that is an idealized schematic.  It does not represent the actual RMW at the surface and flight-level for different days.  Rather, it is meant to illustrate how a horizontal and vertical profile of RMW would look for a vortex that is vertically upright and one that is tilted.  It is meant to facilitate interpretation of Fig. 4b, which shows a least-squares fit of the azimuthal variation of RMW slope over the three days.  An increasing azimuthal variation in RMW slope would indicate a storm that is becoming more tilted.
8) We have included a mention in the manuscript of the need to include intermediate vertical levels from airborne Doppler to confirm the existence of the vertical variation of wind asymmetries.  This is left for future work.

9) We have removed any mention of vertical shear, leaving that for future work (see comments above).

10) This paper represents the first time in the literature that SFMR and flight-level data are used to document the structure and evolution of surface and flight-level wind asymmetries.  For this reason we feel that this work is new.  We agree that it is likely that vertical shear, and perhaps other processes, are responsible for governing these asymmetries.  We intend to include a much more detailed case study of Rita, such as calculating shear over multiple layers using the inner-core airborne radar data and dropsondes, comparing the diagnosed tilt direction from the SFMR and flight-level winds with tilt calculated at multiple levels from the airborne radar data, and comparing the observed tilt direction with the shear direction, in future work.
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