We thank the reviewers for their attention and helpful comments on this manuscript.

We have made substantial revisions, including restructuring the sections and recreating or
consolidating figures. In particular, the dataset from 1 October 2019, which was taken
without a GPSDO, has been replaced with a dataset from 11 May 2022. The eclipse
discussion has also been removed in order to improve the focus of the paper.

Our responses to Reviewer 1 are included inline below.

https://doi.org/10.5194/egusphere-2022-327-RC1

Title: Methods for Estimation of lonospheric Layer Height Characteristics from Doppler
Frequency and Time of Flight Measurements on HF Skywave Signals, (Collins et al.,
forthcoming)

Summary:

The paper demonstrated a methodology to estimate ionospheric virtual layer height
characteristics using Doppler measurements from frequency locked time standard
stations in conjunction with ionosonde measurements and ray-tracing models. The study
showed observations are consistent with a model in which mode splitting originates from
different path length velocities associated with single and multiple hop modes as the
virtual layer height changes. The study took the support of complementary processes of
1) calculating Doppler shifts from virtual layer height changes and virtual layer height
changes from Doppler shifts, and 2) the analysis of intermittent low-Doppler shift modes
including correlation with ionosonde observations to help identify multihop propagation
modes to justify authors claim.

Overall remarks:

The work is significant and covers a timely topic that aids the analysis to understand
various space weather effects on the ionosphere using path length estimates from
distributed HF stations when integrated with other ionospheric measurements. The major
drawback of the manuscript is its organization and readability.

We have significantly restructured the revised manuscript in order to improve its readability.

The figures are not described in the text properly, and neither they are justified. The
chronology of the figure number is awkward, Figure 11-13 is mentioned before Figure 10
in the text. Also, not all the figures are labeled and some of the figures are not of
publication quality.

The figure order has been reworked, and figures related to each of the methodologies (Doppler
path length integration, time of flight measurement) have been grouped into subfigures in order
to demonstrate the methodologies more clearly.



Finally, the reviewer was not able to find a proper justification or necessity of the
methodology in the manuscript, in the introduction, discussion, and conclusion sections.

A motivation section has been added to more clearly describe the phenomenon of interest
(mode splitting) which prompted the investigations described in the paper. The introduction and
conclusion sections have also been revised to provide more extensive discussion of these
methods’ utility, particularly with regard to analysis of data from the Personal Space Weather
Station network.

From the revised introduction section:

“Recently, interest has grown in developing crowd sourced, distributed networks of HF receiver
stations for geospace environmental monitoring. These meta-instruments (i.e., networks of small
instruments effectively operating as a single large instrument), operated by radio amateurs and
shortwave listeners, have the potential to greatly improve the density of instrumentation for
bottomside ionospheric sampling. Recent studies by several authors (Frissell et al., 2018, 2019,
2022; Perry et al., 2018; Collins et al., 2022) have demonstrated the scientific validity of
qualitative HF observations in these types of networks, using existing amateur radio equipment.
Subsequent processing of these observations for scientific studies of ionospheric conditions and
variability requires further analysis to extract information from the direct Doppler observations.
This is particularly true given the non-unique nature of the measurements since changes in
ionospheric parameters such as peak electron density, layer height, and layer thickness can
produce identical Doppler shifts (Lynn, 2009; Chilcote et al., 2015). Analysis must therefore use
reasonable ionospheric models, prior information, or other equivalent techniques in order to
differentiate among the ionospheric parameter state changes causing the observed variations.

| recommend addressing the following points before proceeding with the publication.

1. Line 5-6: ‘mode splitting ... layer height changes’ — not clear, please rewrite the
sentence. An additional expository sentence has been added: “This study is motivated
by the phenomenon of ‘mode splitting,' the observation of multiple simultaneous
propagation paths, or ‘'modes."”

2. Line 8-9: ‘2) the analysis ... propagation modes.’ — not clear, please rewrite the
sentence. An additional expository sentence has been added, as above.

3. Line 19: ‘... condition change, time-dependent changes...’ — can it be related to
spatial change also? This sentence has been clarified to reflect that a stationary
receiver is assumed.

4. Line 23: ‘... studies of ionospheric conditions ().” — provide at least one citation. A
citation has been added: (Breit and Tuve, 1925).

5. Line 39: ‘... and layer width ...’ — change to ‘thickness’.

This change has been made.

6. Line 41: “... in order to stabilize the solution.” — What solution? Why does the

author need to stabilize the solution?



10.

11.

12.

13.

14.

15.

16.

This sentence has been reworded for clarity: “Analysis must therefore use reasonable
ionospheric models, prior information, or other equivalent techniques in order to
differentiate among the ionospheric parameter state changes causing the observed
variations.”

Line 42-43: ‘In this study, ... to ionospheric height.’ — complex idea, please break
down into two sentences.

This change has been made: “In this study, we target ionospheric refraction height
information through analysis of HF Doppler receiver observations. Our quantitative
approach relates Doppler shift to change in ionospheric height.”

Line 79: ‘The composition ...’ — not sure what composition.

For clarity, this has been revised to “the Fourier components in the received signal.”
Line 81: “... distributed density ...” — not clear.

This sentence has been removed.

Line 89: ‘... ionospheric electron content ().’ — provide citations.

A citation has been added: (Chakraborty et al., 2022).

Line 101: ‘... a suitable ....” How does the author know what is suitable?

More expository text has been added here: “...using a suitable time increment between
data points, such that the shape of the trace is accurately represented. In the case of the
1-hop F layer trace in the manually digitized data (...), for example, 84 points were used
over a data record spanning 2.3 hours, for an average rate of about 1 data point every
1.7 minutes.”

Figure 2 and the parameters used in there are not described in detail in the text.
The illustration of the geometric Martyn height equivalent model (Figure 2 in the original
manuscript) is discussed in greater detail in the Doppler methodology section in the
revised manuscript, particularly in Step 5.

An additional figure is required to describe the working principle of the method
that is described in Figure 3.

Three figures from the original manuscript (5, 8 and 9) have been replaced with
analogous subfigures in Figure 7, in order to more coherently present the steps of the
integrated Doppler methodology by example.

The flowchart that constituted Figure 3 in the original manuscript has been revised to
connect it more closely to the corresponding subfigures and steps of the methodology.
The reviewer is not able to understand step 3 of the methodology.

In the revised version of the manuscript, this step has been incorporated into the
trapezoidal integration step. The notation is more unified and should be easier to follow.
Line 122: Equation 3 should be replaced by numerical integration, such as the
Trapezoidal rule.

This change has been implemented.

The reviewer is not sure about step 5 of the methodology.

This step describes the selection of an initial reference layer height estimate from an
ionosonde or other initial source. (Due to the revision of earlier steps, it is Step 4 in the
revised manuscript.) We have added additional exposition in Step 4 and Step 7 to
describe the role of the ionosonde data as a validation tool.



17. It is better to describe HF RT (section 2.3) before section 2.2, as it is referenced in
Figure 3 and methodology.

This subsection has been moved accordingly within the Methodology section.

18. Most of the figures (7-15) lack motivation (Why is it needed in the paper? What
question does it answer?), location in the manuscript (text mentioned in Figures
11-13 before 10), and labels (x, and y scales), which make them very difficult to
interpret and justify their needs.

Several of these figures have been reordered and consolidated in the revised
manuscript. Some have also been replotted in order to increase consistency and clarity.

19. Line 247-249: ‘... give comparable ...’, not sure authors presented this comparison
anywhere in the manuscript. Please provide additional details of this comparison.
This comparison is presented in a new figure (Fig. 3) which shows a forward model
generating mode splitting effects from smoothed ionosonde data.

20. Provide a clear objective and findings of the study in the introduction and
conclusion section of the paper.

We have added a motivation section which contextualizes our investigation of mode
splitting, and a clear list of key points has been added to the Conclusions section.

21. The discussion section should compare the results in the context of previous
research, but here authors discussed the figures and observations in the figures.
We have rewritten the discussion section to place the results in a research context.
Mode splitting, which was the focus of the discussion section in the original manuscript,
is instead covered in the Motivation section.

Considering all these comments together, | would strongly recommend restructuring the
paper by rearranging the sections (sub-sections), figures, and discussion sections.
These sections have been restructured.



