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We sincerely thank the reviewer for reading both the manuscript and the reports provided by
the other referees. We recognize that the reviewer shared the principal concerns raised by
Referee #2, particularly regarding the repeated presentation of equations, the evidential value
of the original Figures 1 and 2, and the unclear distinction between population-level statistical
organization and event-level prediction.

We have taken these concerns very seriously. The manuscript has therefore undergone a compre-
hensive revision rather than a limited set of editorial corrections. The Abstract and Introduc-
tion were rewritten, the Methods section was reorganized, the Results section was reconstructed
around a progressive sequence of statistical tests, and the Discussion and Conclusion were revised
to clarify the scope, limitations, and possible applications of the study.

The revised manuscript now makes three points explicit:

1. the central mathematical relations are introduced in a controlled and structured manner
rather than repeatedly presented as new results;

2. the principal width–length relationship is supported by several complementary diagnostics
rather than by a single regression line;

3. the study does not claim to predict individual tornado paths, widths, or damage. Its
objective is to identify a robust climatological population-level regularity that may serve
as an empirical benchmark for future dynamical and environmental studies.

The two original central figures were completely replaced. The revised figures now include
density-based visualization, conditional medians, bootstrap confidence intervals, an indepen-
dent geometric consistency test, temporal and EF-threshold sensitivity analyses, null-model
comparisons, and local scaling diagnostics.

Below, we respond individually and in detail to each point raised by the reviewer. Reviewer
comments are reproduced in blue, while our answers appear immediately afterwards.

Comment 1

I read the manuscript and the comments of the other three reviewers, and I am sorry to say that
I agree completely with the comments posted by Reviewer 2.

Answer 1
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We thank the reviewer for this direct assessment. We understand that this agreement reflects
the cumulative weaknesses of the original submission, particularly its repetitive mathematical
presentation, the limited clarity of the two central figures, and the insufficient explanation of
the scope and possible utility of the results.

For this reason, we did not respond by making only local corrections. The complete manuscript
was reconsidered and substantially revised.

The principal changes include:

• complete rewriting of the Abstract without equations;

• removal of original results and undefined notation from the Introduction;

• explicit definition of the SPC variables, observables, and statistical exponents in the Meth-
ods section;

• expanded description of the dataset, including filtering criteria, unit conversions, the total
sample size, and the number of tornadoes in each historical subset;

• restructuring and reduction of the repeated mathematical material;

• complete replacement of Figures 1 and 2;

• addition of conditional-median estimates and bootstrap confidence intervals;

• new EF0+, EF1+, EF2+, and EF3+ sensitivity analyses;

• explicit treatment of heteroscedastic scatter;

• more cautious treatment of moments above second order;

• null-model comparisons designed to test whether broad marginal distributions alone can
reproduce the observed organization;

• local scaling diagnostics used as a supplementary rather than stand-alone validation;

• complete clarification that the work concerns population-level statistics and not individual
tornado prediction.

We believe that the revised manuscript is substantially different from the original submission
in both presentation and evidential support. The criticisms shared by Reviewers 2 and 4 were
central to the redesign of the paper.

Comment 2

The manuscript is full of repeated equations, to the point that the reader loses focus.

Answer 2
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We fully agree that the original manuscript repeated the same mathematical relations too fre-
quently and that this disrupted the scientific narrative.

The revision addresses this issue at several levels.

First, all displayed equations were removed from the Abstract and Introduction. The Introduc-
tion now presents only the scientific context, the observational limitations, the research gap, and
the objectives of the study.

Second, the central relations are now introduced formally in the Methods section as numbered
equations. These include:

• the empirical width–length relationship;

• the geometry-only observable;

• the geometry–intensity proxy;

• the general scaling model used for regression;

• the logarithmic regression form;

• the definition of the conditional moments.

Third, repeated introductions and derivations were removed throughout the manuscript. Sub-
sequent methodological references use the relevant equation numbers whenever possible.

Fourth, the Results were rewritten so that the mathematical expressions appear only when re-
quired to interpret a particular figure or establish a specific consistency relation. For example,
the relation involving the geometry-only observable is retained locally in the Results because
the section explicitly compares its measured exponent with the value predicted from the inde-
pendently estimated width–length exponent. It is no longer presented repeatedly as a separate
new law.

The revised Methods now introduce the principal relationship once:

“The principal relationship investigated throughout this work is the empirical scaling
relation

W ∝ Lα,

where α denotes an effective scaling exponent estimated from the complete tornado
population.”

The interpretation has also been simplified. The manuscript no longer presents several sepa-
rate “scaling laws”. Instead, it develops one principal geometric relationship and examines its
consistency through derived observables, historical subsets, intensity thresholds, higher-order
statistics, null models, and local diagnostics.

We believe that this restructuring substantially improves readability and prevents the reader
from losing focus in repeated algebraic statements.
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Comment 3

Figures 1 and 2 are not convincing at all that indicate scaling, which is the key point of this
paper.

Answer 3

We agree that the original Figures 1 and 2 did not provide a sufficiently clear visual or statistical
demonstration of the principal result. Both figures were therefore completely redesigned rather
than merely reformatted.

The revised Figure 1 now presents all 69 975 retained tornadoes using a logarithmic hexagonal-
density map. This visualization avoids the severe overplotting of a conventional scatter plot and
makes the population density structure directly visible.

The revised Figure 1 additionally includes:

• the global event-level regression;

• conditional median path widths computed within logarithmic path-length bins;

• 95% non-parametric bootstrap confidence intervals for the conditional medians;

• the event-level and conditional-median scaling estimates;

• the sample size and regression information.

The corresponding Results section now describes separately what is measured by each esti-
mator. The event-level regression characterizes the complete event population, whereas the
conditional-median analysis follows the central tendency within logarithmic bins. Their agree-
ment demonstrates that the positive width–length relationship is not driven solely by a small
number of extreme tornadoes or by one particular fitting method.

The revised manuscript states:

“Several features emerge directly from the observations. First, reported maximum
path width increases systematically with reported path length over more than four
orders of magnitude. Second, although individual tornadoes exhibit substantial
variability, the highest event densities remain concentrated around a well-defined
increasing trend. Finally, the conditional medians closely follow the global regres-
sion throughout most of the observable range, indicating that the relationship is not
driven by a small number of extreme events.”

The revised Figure 2 has also been completely reconceived. It is no longer presented as evidence
for a second independent scaling law. Instead, it is used as an internal consistency test.

The figure compares:

• the directly measured event-level scaling of the geometry-only observable;
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• the conditional medians and their bootstrap confidence intervals;

• the exponent predicted independently from the measured width–length relation.

The measured and predicted exponents agree closely. The purpose of this figure is therefore to
show that the behaviour of the derived observable follows directly from the primary width–length
organization rather than from an unrelated fit.

The central conclusion is also no longer supported by Figures 1 and 2 alone. The revised
manuscript provides a broader validation framework including:

• comparison across three independent historical periods;

• finite-size normalized distribution comparisons;

• sensitivity analyses for EF0+, EF1+, EF2+, and EF3+ populations;

• conditional moment spectra;

• residual analysis of the moment spectra;

• shuffled-width and synthetic lognormal null models;

• local logarithmic scaling estimates.

The revised interpretation is intentionally cautious. We do not claim that the figures demon-
strate a deterministic scaling law for individual tornadoes. They reveal a statistically stable
central tendency within a broad, heterogeneous, and heteroscedastic population.

We believe that the completely redesigned figures and the additional independent diagnostics
now provide a much clearer and more convincing basis for the central statistical conclusion.

Comment 4

In addition, the paper is not clear at all when it comes to applications and/or predictability of
tornado paths and damage.

Answer 4

We thank the reviewer for identifying this important ambiguity. We agree that the original
manuscript did not distinguish sufficiently clearly between population-level statistical description
and event-level prediction.

The revised manuscript now states explicitly and repeatedly that the identified relationship is
not intended to predict the path length, path width, or damage characteristics of an individual
tornado.

The revised Methods section states:
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“The objective of the present methodology is not to predict the geometry of individual
tornadoes but to identify robust statistical organization at the population level.”

The revised Results further state:

“The measured exponent should therefore be interpreted as an effective population-
level descriptor rather than as a deterministic law governing individual tornado evo-
lution.”

The Discussion provides a more complete clarification:

“The analyses developed here do not establish a deterministic law capable of pre-
dicting the geometry of individual tornadoes. Instead, they demonstrate that robust
statistical regularities emerge at the population level, providing a quantitative frame-
work for describing the average organization of tornado damage paths.”

The revised Conclusion similarly states that the reported relationships are better viewed as
empirical benchmarks than as predictive laws.

The application of the present work is therefore not an operational forecasting formula. It is a
climatological and model-evaluation framework.

More precisely, the reported statistics may be useful in the following ways:

1. Benchmarking dynamical models.

Numerical simulations and reduced-order models of tornado evolution can be tested against
the observed population-level width–length relation. A physically credible ensemble model
should reproduce not only individual vortex structures but also the broad statistical orga-
nization of damage paths.

2. Environmental stratification.

The framework can be combined with reanalysis or proximity-sounding data to test how
the effective exponent varies with CAPE, vertical wind shear, storm-relative helicity, storm
mode, geographical region, or parent-storm organization.

3. Comparison of tornado populations.

The same methodology may be applied separately to supercell tornadoes, QLCS tornadoes,
landspouts, intensity subsets, or different climatic regions to determine whether distinct
populations exhibit different effective geometric relationships.

4. Assessment of historical observational consistency.

The temporal analysis provides a quantitative means of comparing the statistical geometry
recorded during early, transitional, and modern observational eras.
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5. Statistical characterization of damage-path morphology.

The relationship provides a population-level description of how the central tendency of
reported maximum path width changes with reported path length. Such information may
contribute to climatological risk models, but it does not replace event-specific meteorolog-
ical prediction or engineering damage assessment.

We also added an explicit limitations discussion. The SPC catalogue does not contain the
environmental and dynamical variables necessary for event-specific prediction, including the
internal wind field, vortex circulation, pressure deficit, turbulence intensity, and complete parent-
storm evolution.

The revised manuscript therefore avoids claims of direct predictability. Its practical scientific
contribution is to provide an empirical population-level constraint that future dynamical models,
environmental analyses, and high-resolution observational studies should attempt to explain or
reproduce.

We believe that this distinction now makes the scope and potential applications of the study
substantially clearer.

We again thank the reviewer for the direct and critical assessment. The three concerns raised
in the report—repeated equations, insufficiently convincing central figures, and an unclear re-
lationship to prediction and applications—were among the most important weaknesses of the
original submission and have all been addressed through substantial revision.

The mathematical presentation has been reorganized and simplified. The two principal fig-
ures have been completely replaced and are now supported by conditional statistics, bootstrap
uncertainty, temporal and intensity-based sensitivity analyses, null models, and local scaling
diagnostics. Finally, the revised manuscript explicitly states that the identified relationship is
an effective climatological descriptor and not an operational or deterministic prediction model.

We hope that the reviewer will find that the revised manuscript is substantially clearer, more
rigorous, and better supported than the original version, and that it now defines accurately both
the scientific scope and the limitations of the proposed statistical framework.
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