Response to Reviewers’ Comments
Han-Chang Ko, Hye-Yeong Chun
February 19, 2026

Dear Editor and Reviewers,

We received two reviews of our manuscript “A New Method for Estimating Atmospheric
Turbulence from Global High-Resolution Radiosonde Data and Comparison with the Thorpe
Method”. All two reviews have been very helpful and made us aware of important points which
needed to be addressed. We, the authors, are therefore thankful for their contributions to the
revised manuscript. We have carefully addressed all comments and tried our best to improve
the manuscript based on their suggestions and comments. During the revision process, (i) we
added a case comparison with in-situ flight-EDR data, (ii)) we further clarified key
methodological assumptions, including the turbulence-layer definition and threshold choices,
(ii1) we improved data documentation and metadata transparency to meet ESSD requirements,
and (iv) we enhanced consistency, technical clarity, and discussion of limitations of the
proposed methods throughout the manuscript.

We answer the questions of each reviewer in the following paragraphs. Below, we indicate the
original comment of the respective reviewer in blue and our answer in black. In addition, we
provide a tracked-changes version of the manuscript.

We would like the current manuscript to be accepted to the Earth System Science Data.

Sincerely,

Hye-Yeong Chun



Response to Reviewer 1’s Comments

< Overview >

This paper has a potential of significant and timely contribution that effectively leverages high
vertical-resolution radiosonde data (HVRRD) to create a unique global turbulence dataset. The
proposed Ri_min method correctly addresses the limitations of the Thorpe method by including
turbulence detection in statically stable, strong shear layers (0 < Ri < 0.25). The paper is well-
written and the core methodology is sound, satisfying the main scientific requirements for
publication in Earth System Science Data (ESSD). I recommend a Minor Revision to address
documentation clarity, data usability, and minor scientific detail, ensuring the dataset meets the
high standards of long-term data archiving.

We sincerely appreciate your thoughtful review and valuable comments on this
manuscript. We seriously considered your comments and posted responses to your comments
and suggestions.

< Minor Comments >

1. Justification of Two Practical Considerations

While the methodology for deriving EDR from Ri min is detailed, two practical
considerations of using L and VWS instead of Def need to be justified more clearly.

- The authors mentioned that the Thorpe method has a limitation to explicitly consider
convectively unstable condition (Ri <0), which could have a relatively large mixing length
(convective overturning of wave or turbulent eddy). But, shear driven KHI is very
intermittent, which would have a small mixing length (small-scale eddy). So, it might be
necessary to justify more specifically why the authors adapted the length scale from
Thorpe method here?

We appreciate the reviewer’s comments. We would like to clarify that the present study
does not adopt the Thorpe length scale L. In our formulation, the length scale L is defined
as the vertical thickness of a continuous layer in which Ri < 0.25 (Lines 142—143 in the
original manuscript). This definition differs fundamentally from the Thorpe length scale
Ly, which is determined from reordered potential temperature. We acknowledge that the
sentence in the original manuscript, Line 144: “Note that L is the same as the thickness of
the turbulence layer that is estimated from the Thorpe method (Ko et al., 2019)” may have
led to confusion. To avoid any confusion, this sentence has been removed in the revised
manuscript.

- The authors substitute the def in Eq. (8) by VWS based on simple synoptic-scale analysis,
which would make sense in some part. But, it would not be applicable in a case where
strong VWS in anticyclonic shear and curvature jet stream (e.g., Knox 1997). Given the
simple assumption that the cyclonic and anticyclonic jet streams are equally happening in
mid-latitude, anticyclonic curvature jet stream is theoretically stronger than cyclonic jet
based on the gradient wind balance. I think the authors need to more carefully justify (or
provide some limitations of current method) using VWS instead of DEF in this study.

We thank the reviewer for raising an important dynamical concern regarding the
approximation of total deformation (Def) by vertical wind shear (VWS), particularly in
environments such as strong anticyclonic shear and curvature jet streams. In the original
manuscript, the approximation was justified using a scale analysis based on large-scale
synoptic conditions (horizontal scale 10° m). Under this assumption, the dominant
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contribution to Def arises from the du/dz ~ 103 s’!, whereas du/dx ~ 10 s’!. This
implies that neglecting horizontal shear introduces an error on the order of ~1%.

To address the reviewer’s concern, we further considered a scale representative of
strong anticyclonic shear and curvature jets, adopting a reduced horizontal scale of 10° m
following Holton and Hakim (2013). In this case, the horizontal shear term increases to
order 10 s, while the vertical shear term remains dominant (du/dz ~ 10 s!). The
relative contribution of horizontal shear therefore increases, leading to a potential
uncertainty of approximately 10%. Although du/dz remains the leading-order term, the
approximation becomes less accurate under such strong and curved jet structures.

We have added a discussion in the revised manuscript (Lines 153—-166) explicitly
acknowledging this limitation.

[lustrative Case Study for 0 < Ri < 0.25 Turbulence vs in situ EDR near jet stream

The core scientific advancement of this work is the ability of the Ri_min method to detect
turbulence in the statically stable, high-shear region (0 < Ri < 0.25) where the Thorpe
method fails. This claim, while theoretically sound, needs compelling direct comparison
of Ri_min method with in situ EDR obs. I know it is difficult to find a case that has
collocated pairs of HVSSD and in situ EDR. Considering that jet stream is synoptic scale,
it will be great to find a CAT outbreak day (last 1-2 days) near jet stream to be captured
by both HVRRD and in situ EDR. Then, it will be more convincing that this new method
really show a good performance for KHI near upper-level jet system.

We thank the reviewer for this valuable and constructive suggestion! We agree that an
illustrative comparison between the Ri min-based turbulence and in-situ flight-EDR
observations in a statically stable, high-shear environment near a jet stream would provide
a more compelling demonstration of the method’s capability to detect shear-driven
turbulence (0 < Ri < 0.25), which is not captured by the Thorpe method. Following this
suggestion, we conducted a case analysis and the result is shown below in Figure R1
(Figure 3 of the revised manuscript). The selected case occurred at 00 UTC on 13 January
2024, when a pronounced trough developed over the United States at 200 hPa,
accompanied by a strong and curved jet stream on the southeastern flank of the trough
(Figure R1a). This synoptic configuration is dynamically favorable for enhanced vertical
wind shear and Kelvin—Helmholtz instability in the statically stable upper troposphere.

A zoomed-in view of the jet region (Figure R1b) presents collocated HVRRD-derived
Ri_min-based turbulence (circles) and in-situ flight-EDR reports (triangles) within the 10—
12 km altitude range. In the region highlighted by the red box, both datasets consistently
indicate severe-intensity turbulence in close spatial proximity, demonstrating that the
Ri_min method successfully captures strong turbulence embedded within the strong-shear
jet environment. In contrast, in the two regions marked by yellow boxes, both datasets
indicate null turbulence intensity, further supporting the consistency between the Ri_min-
based estimates and aircraft observations.

The new figure (now included as Figure 3 in the revised manuscript) and the
corresponding discussion (Lines 271-292) have been added to strengthen the
observational support for the proposed Ri_min method.
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Figure R1. (a) Horizontal distribution of 200-hPa wind speed (shaded) and geopotential
height (contours) at 00 UTC on 13 January 2024. (b) Zoomed-in view of wind speed at
200 hPa with overlaid turbulence observations at z = 10—12 km. Filled circles and open
triangles denote the turbulence estimated from HVRRD-Ri,,;, and that observed from in-
situ flight-EDR, respectively. Colors represent turbulence intensity categories (null; NIL,
light; LGT, moderate; MOD, and severe; SEV). The red box highlights a region where
both datasets consistently indicate SEV turbulence in close proximity, while the yellow
boxes mark regions where both datasets indicate NIL turbulence.

Explicit Declaration of Data Output Format and Internal Structure

For publication in ESSD, data usability is paramount. The manuscript must explicitly
declare the chosen long-term archiving data format and its internal structure for user
accessibility. Please state the definitive file format (e.g., NetCDF, HDFS5, or another
community standard) that will be used for the final dataset. More importantly, provide a
clear, dedicated table listing all variable names (e.g., turbulence edr), their units (e.g.,
m”2/3 s”-1), and the corresponding CF-compliant metadata for each variable provided in
the data files.

We thank the reviewer for this important and constructive suggestion. We fully agree
that clear documentation of the data format and internal structure is essential to ensure
usability and long-term accessibility, particularly for publication in ESSD. Therefore, we
have explicitly specified the definitive file format (NetCDF) of the final archived dataset
in Section 6 (Data availability) of the revised manuscript (Lines 482—483).

Furthermore, we have added a dedicated table summarizing all variables included in
the dataset, including their variable names, physical units, and CF-compliant metadata
attributes in the new Table S1 in the Supplementary Material. A concise description of this
table is now included in Section 6 of the revised manuscript (Lines 482—483).

Clearer Statement on Spatio-Temporal Data Heterogeneity
The dataset is unique because it is global, but its temporal and horizontal resolution is
fundamentally constrained by the heterogeneous global radiosonde network (typically
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00/12 UTC, geographically sparse). The current description emphasizes the high vertical
resolution but downplays the horizontal and temporal sparseness of the overall product. A
single sentence or footnote in the Abstract or Data Description section must clearly state
that the dataset's spatial and temporal coverage reflects the limitations and heterogeneity
of the operational global radiosonde observing network.

We thank the reviewer for this comment. We agree that, although the dataset provides
high vertical resolution globally, its horizontal and temporal sampling is inherently
constrained by the heterogeneous structure of the operational radiosonde network. In
response, we have added a statement in Section 3.1 (High vertical-resolution radiosonde
data; Lines 184-188 in the revised manuscript) explicitly noting that the dataset’s
horizontal and temporal coverage reflects the limitations and inhomogeneity of the global
radiosonde observing system. In particular, we clarify that observations are typically
available only at 00 and 12 UTC and that station distribution is geographically uneven,
with denser coverage over mid-latitude continental regions and sparser sampling over
oceans and parts of the tropics and polar regions.

Final Archival Repository and Versioning Commitment

ESSD requires a strong commitment to long-term data preservation and traceability. Please
specify the exact permanent digital repository (e.g., a recognized data center like NOAA
NCEI, EUMETSAT, or a major institutional repository with DOIs) where the final dataset
will be lodged. Furthermore, provide a clear statement regarding the versioning scheme
(e.g., "The dataset presented here will be designated Version 1.0 (v1.0). All future updates
will be released as incremental versions, v1.1, v2.0, etc., with associated Digital Object
Identifiers (DOIs).").

We thank the reviewer for this important suggestion regarding long-term preservation
and version control. The final dataset is archived in a permanent, DOI-assigning repository
(Zenodo), and the corresponding DOIs are explicitly provided in both the Abstract and the
Data availability section of the original manuscript. Zenodo ensures long-term
preservation, public accessibility, and persistent DOIs for the deposited dataset.

In addition, we have now clearly specified the versioning scheme in the Data
availability section (Line 479 in the revised manuscript). The dataset presented in this
paper is designated as Version 1.0 (v1.0). Any future updates, corrections, or extensions
will be released as incremental versions (e.g., v1.1, v2.0), each with an associated DOI to
ensure transparency and reproducibility. Version history and change logs will be
documented within the repository metadata to maintain full traceability of dataset
evolution.



Response to Reviewer 2°s Comments

Overall, I find the manuscript and the resulting dataset highly innovative and valuable for both
turbulence research and aviation applications.

We sincerely appreciate your thoughtful review and valuable comments on this
manuscript. We seriously considered your comments and posted responses to your comments
and suggestions.

1. Please correct the apparent typo “Using 10 years (2015-2015)” to “2015-2024” in the
Conclusions.
We thank the reviewer for pointing out this typo. The incorrect year range “2015-2015”
in the Summary and conclusions has been corrected to “2015-2024” in the revised
manuscript (Line 495).

2. You apply a 60 m-scale moving average (13-point for 1-s; 7-point for 2-s) to multiple
variables. Please specify (i) whether the filter is centered, (i1) how end points are handled,
and (iii) the effective vertical span after interpolation (since 13x5 m and 7x10 m are
slightly >60 m).

We thank the reviewer for requesting clarification regarding the moving-average
procedure.

(1) The moving average is applied as a centered scheme.

(i1) At the end points (i.e., uppermost and lowermost levels) where a full centered
window cannot be constructed, boundary values are treated by assigning the nearest valid
averaged value to those end points. This approach avoids artificial truncation of the profile
while maintaining consistency near the boundaries.

(ii1) Because the smoothing is applied after interpolation to uniform vertical spacing,
the effective vertical span corresponds to 60 m in both 1-s and 2-s cases. The effective
span is determined by the distance “between” the first and last points within the window:
12 x 5 m = 60 m for the 1-s data and 6 x 10 m = 60 m for the 2-s data. Thus, the applied
filter consistently represents a 60-m vertical scale.

These are incorporated into the revised manuscript (Lines 218-222).

3. Because all reported layers must be 260 m, the method will systematically exclude thin

shear layers. Please add a short sensitivity test (e.g., 40/60/80 m) or at least report the
fraction of candidate layers removed by this constraint.

We thank the reviewer for this thoughtful suggestion. The minimum layer thickness of
60 m was not chosen arbitrarily. Rather, it is physically motivated by the observational
characteristics of operational radiosonde systems, as stated in the original manuscript
(Lines 188-195). Specifically, the balloon—payload length (~30 m) and the associated
pendulum motion imply a characteristic oscillation period of approximately 11 s,
corresponding to a vertical scale of about 60 m. Therefore, fluctuations at scales smaller
than 60 m are strongly influenced by instrumental motion and cannot be reliably
distinguished from observational artifacts. For this reason, the 60 m threshold reflects an
observational detectability limit rather than a tunable methodological parameter.

Because this threshold is tied to instrument physics and effective vertical resolution,
conducting a sensitivity test using 40 m or 80 m would not provide physically meaningful
guidance for this study. However, we acknowledge that thinner shear-driven turbulence



layers may exist in the atmosphere but remain unresolved or undetectable given current
operational radiosonde constraints. We have added a short discussion clarifying this
observational limitation in the revised manuscript (Lines 221-222).

You interpolate 1- and 2-s data to fixed 5- and 10-m spacing. Please state explicitly which
coordinate is used for interpolation (geopotential height vs geometric height), and whether
pressure is interpolated or recomputed consistently.

We thank the reviewer for this clarification request. In the HVRRD used in this study,
geometric height is not provided; only geopotential height is available. Therefore, all
vertical interpolation to uniform spacing (5 m for 1-s data and 10 m for 2-s data) was
performed with respect to geopotential height. Pressure was interpolated consistently onto
the same geopotential-height grid. This has been clarified in the revised manuscript (Lines
209-211).

You note that manufacturer smoothing algorithms are proprietary and vary by instrument,
and that processed temperature fluctuations may differ substantially from raw data. Please
add (i) a brief statement of how this impacts Ri-based detection and €, and (ii) if possible,
the radiosonde types/IDs used (or at least a summary by instrument family) to help users
assess heterogeneity.

We thank the reviewer for highlighting the importance of instrument-dependent
preprocessing and potential heterogeneity.

(1) As noted in the original manuscript, the manufacturer-specific smoothing algorithms
applied to radiosonde data remain proprietary and are not publicly disclosed (Wang and
Geller, 2025). Consequently, the exact quantitative impact of instrument-dependent
preprocessing on Ri and € cannot be explicitly evaluated at present. However, Wang and
Geller (2025) reported that processed radiosonde temperature data generally exhibit
reduced small-scale fluctuations compared to raw data. Because Ri depends on vertical
gradients of temperature and wind, reduced temperature variability may lead to larger
estimated Ri values (i.e., more stable stratification) and, consequently, lower € estimates
relative to what might be obtained from unsmoothed raw observations. Further assessment
using raw radiosonde datasets would be valuable in future work. We have added this
discussion in the revised manuscript (Lines 198-201).

(i1) Following the reviewer’s suggestion, we have also summarized the radiosonde
instrument types used during the study period (2015-2024). A total of 25 radiosonde types
were identified, and these are now listed in the revised manuscript (Lines 201-206).

The choice of Ri_min < 0.25 is motivated as “stricter” given 5—10 m data. Please add one
or two sentences clarifying what changes if a more common threshold (e.g., Ri<1) were
used, or provide a brief sensitivity.

We thank the reviewer for this comment. We respectfully note that Ri<1 is not generally
regarded as the critical threshold for shear instability. The theoretical critical value Ri=0.25
originates from the Miles-Howard stability theorem (Miles, 1961; Howard, 1961), which
establishes Ri>0.25 as a sufficient condition for linear stability in shear flow. This
threshold has also been adopted in subsequent theoretical studies (e.g., Lindzen, 1981,
Palmer et al., 1986) as a physically grounded criterion for Kelvin—Helmholtz instability.

If Ri<1 was adopted in this study, the number and vertical extent of detected turbulence
layers would substantially increase, particularly in statically stable but weak-shear
conditions. This would lead to broader turbulence occurrence frequencies and
systematically larger estimates of turbulence metrics. We added this discussion in the
revised manuscript (Lines 128-130).



e Miles, J. W. (1961). On the stability of heterogeneous shear flows. Journal of fluid
Mechanics, 10(4), 496-508.

e Howard, L. N. (1961). Note on a paper of John W. Miles. Journal of Fluid
Mechanics, 10(4), 509-512.

You define a turbulence layer as a vertical segment where Ri consistently remains below
0.25 and take its thickness as L. Please clarify how “consistently” is implemented in
practice (e.g., do you allow 1-2-point gaps above 0.25; minimum number of consecutive
levels).

We thank the reviewer for requesting clarification. We apologize for the ambiguity
introduced by the use of the term “consistently” in the original manuscript (Line 143),
which may have caused confusion regarding its practical implementation. In this study,
the term “consistently” refers to consecutive vertical levels satisfying Ri<0.25. A
turbulence layer is identified when Ri remains below 0.25 over contiguous levels without
allowing gaps above the threshold. We have modified the statement with respect to the
definition of L in the revised manuscript (Lines 145-146).

Since EE has physical units and you present logl OEE, please clarify the convention (e.g.,
loglO(EE / 1 m? s7*)) to avoid ambiguity about taking logs of unitful quantities. Also,
please restate Z clearly when switching between figures (troposphere/stratosphere depth
vs fixed 1 km).

We thank the reviewer for pointing out this clarification. We have now explicitly
clarified logioEE to avoid ambiguity regarding the logarithm of a unitful quantity.
Specifically, we added the following sentence: “Here, logioEE denotes logio(EE / 1 m? s73),
ensuring that the logarithm is taken of a dimensionless quantity.” in the revised manuscript
(Lines 404—405).

In addition, we have restated Z clearly in the revised manuscript. Specifically, we added
“(i.e., Z = 1 km)” in Line 430 in the revised manuscript to indicate that the vertical
distribution in Fig. 9 is computed using fixed 1-km vertical bins.

Please ensure consistent notation and units formatting throughout (Ri min, &, EE;
superscripts; “UTLS” definition on first use; consistent use of “turbulence layer” vs
“turbulent layer”).

We thank the reviewer for this careful observation. We have thoroughly reviewed the
entire manuscript to ensure consistency in notation and units formatting. In particular, we
standardized the notation of Ri_min, &, and EE throughout the text, equations, and figures.
The term “UTLS” is defined at its first occurrence in the original manuscript (Lines 280—
281). In addition, we ensured consistent use of the term “turbulence layer” across the
revised manuscript.



