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We sincerely thank the reviewer for the careful, constructive, and encouraging assessment of
our manuscript. We greatly appreciate the reviewer’s view that the identification of a persistent
width—length relationship is potentially valuable and that the statistical analyses are carefully
conducted.

The reviewer’s comments identified an essential interpretative issue: whether the measured
exponent should be regarded as an intrinsic and possibly universal property of tornado dynamics,
or as an effective climatological descriptor emerging from a heterogeneous population. We fully
agree that this distinction required a much clearer treatment.

The revised manuscript therefore adopts a substantially more cautious and explicit interpre-
tation. The exponent is no longer presented as a universal constant or as a deterministic law
governing individual tornadoes. It is now consistently described as an effective population-level
statistical descriptor obtained from a climatological ensemble combining different storm modes,

intensities, environments, lifetimes, and observational periods.
The manuscript has also been strengthened in several ways directly motivated by the reviewer’s
suggestions:
o we performed new EF-threshold sensitivity analyses for the EF0+4, EF1+4, EF2+, and
EF3+ populations;

o we substantially expanded the physical discussion connecting path length with tornado
lifetime and translation and path width with vortex structure, lateral growth, boundary-

layer interaction, and parent-storm organization;

e we clarified the observational definition and uncertainty of the reported maximum path
width;

o we added bootstrap confidence intervals and documented the resampling procedure and

number of realizations;
e we reported the number of tornadoes in each historical subset;

« we revised the interpretation of the local-scaling plateau and no longer use it as stand-alone

evidence for a universal scaling regime;
o we substantially reduced repetition in the Discussion and Conclusion;

o we expanded the limitations and future-work discussion to include storm mode, geographi-
cal region, CAPE, vertical wind shear, storm-relative helicity, parent-storm characteristics,
and reanalysis products such as ERAS5.



The revised manuscript now separates three levels of interpretation more clearly:

1. the observed statistical relationship contained in the SPC catalogue;

2. its robustness across observational periods, EF thresholds, and complementary statistical
diagnostics;

3. the possible dynamical mechanisms that may contribute to the relationship but cannot be
uniquely identified from the present climatological analysis.

Below, we provide a detailed point-by-point response to every comment. Reviewer comments
are reproduced in blue, while our answers appear immediately afterwards.

Comment 1

Overall assessment: I found this manuscript interesting and potentially valuable. The identifica-
tion of a persistent width-length scaling relationship using the long-term SPC tornado database
s an intriguing result, and the manuscript is generally well organized and clearly written. The
statistical analyses are carefully conducted and the geometric hierarchy appears robust. My
comments mainly concern the physical interpretation of the reported scaling relationship and the
extent to which the measured exponent can be considered a universal property of tornadoes rather
than an effective climatological average obtained from a heterogeneous population of events.

Answer 1

We sincerely thank the reviewer for this positive and perceptive overall assessment.

We agree that the principal issue was not the statistical estimation itself, but the interpretation
assigned to the measured exponent. The original manuscript did not distinguish sufficiently
clearly between a population-level regularity and an intrinsic dynamical law applicable to indi-
vidual tornadoes.

This distinction has now become central to the revised manuscript. The Abstract, Methods,
Results, Discussion, and Conclusion all state that the measured exponent is an effective clima-
tological descriptor of a large heterogeneous population.

For example, the revised Abstract states:

“The measured exponent should not be interpreted as a deterministic law governing
individual tornadoes, but rather as an effective population-level descriptor of the
average geometry of tornado damage paths.”

The revised Discussion further states:

“An important consequence of this work is that the measured exponent should not
be interpreted as a universal constant governing tornado dynamics. Instead, it repre-
sents an effective statistical descriptor of a heterogeneous climatological population



combining different storm modes, environmental conditions, tornado intensities, and

observational eras.”

The revised manuscript therefore interprets the stability of the exponent as evidence that co-
herent statistical organization emerges despite population heterogeneity, not as proof that every
tornado follows the same dynamical growth law.

Comment 2

Major Comment 1: Physical meaning of the scaling exponent.

The manuscript identifies a remarkably stable width—length scaling exponent (v =~ 0.43). How-

ever, I found myself wondering what physical meaning should be attached to this exponent.

Is a = 0.43 an intrinsic property of tornado evolution, or is it primarily an emergent climato-
logical statistic resulting from aggregation across many different tornado populations?

Additional discussion regarding the physical interpretation of the exponent would strengthen the

manuscript considerably.

Answer 2

We sincerely thank the reviewer for raising what we believe is the central interpretative question
of this work. We fully agree that the statistical robustness of the measured exponent does not,
by itself, imply that it represents an intrinsic or universal property of tornado dynamics.

The SPC catalogue combines nearly 70,000 tornadoes spanning different storm modes, parent-
storm structures, environmental conditions, intensity classes, translational velocities, lifetimes,
and observational periods. Consequently, the present dataset cannot disentangle the individual
physical processes contributing to the observed scaling relationship.

For this reason, we substantially revised the manuscript to clarify the status of the measured
exponent. Throughout the revised version, @ ~ 0.43 is no longer presented as a universal
dynamical constant, but rather as an effective population-level statistical descriptor emerging

from a heterogeneous climatological ensemble.

The revised Methods now state:

“Throughout this study, « is not interpreted as a universal dynamical constant gov-
erning the evolution of individual tornadoes. Rather, it provides a statistical descrip-
tor of the average geometric organization emerging from a large and heterogeneous
population of observed tornadoes.”

The revised Results similarly emphasize:
“The measured exponent should therefore be interpreted as an effective population-

level descriptor rather than as a deterministic law governing individual tornado evo-
lution.”



Following the reviewer’s suggestion, we also considerably expanded the Discussion to clarify

what physical information may nevertheless be contained in the measured exponent.

A useful way to interpret the result is to recall that the observed path length may be viewed,
to first order, as

L~UT,

where U denotes a characteristic translational velocity and T an effective tornado lifetime.
Within this framework, the observed sublinear scaling indicates that the reported maximum path
width grows systematically with propagation distance, but at a slower rate than the longitudinal
extension of the damage path.

Rather than attributing this behaviour to a single mechanism, the revised Discussion now consid-
ers several processes that may jointly contribute to the observed climatological scaling, including
vortex stretching, turbulent entrainment, interaction with the near-surface boundary layer, en-
vironmental wind shear, parent-mesocyclone evolution, finite tornado lifetime, and translational

motion.

Importantly, the additional analyses introduced in the revised manuscript strengthen the robust-
ness of the observed statistical relationship without changing its interpretation. The bootstrap
confidence interval of the event-level exponent (o = 0.431, 95% CI: [0.427,0.436]), the temporal
subset analysis, the EF-threshold sensitivity tests, and the null-model comparisons all indicate
that the measured exponent is a stable property of the observed tornado population. However,
these analyses do not imply that every tornado evolves according to the same geometric law,
nor do they identify a unique underlying physical mechanism.

The revised Discussion therefore concludes:

“The observed statistical relationship therefore most likely represents the integrated
signature of multiple interacting dynamical processes rather than the consequence
of a single physical mechanism.”

We believe that this revised interpretation more accurately reflects both the strengths and the
limitations of the present climatological analysis, while clearly distinguishing robust statistical
evidence from its possible physical interpretation.

Comment 3

Major Comment 2: Potential dependence on tornado intensity.
Both tornado path length and tornado path width are known to increase with tornado intensity.

Therefore, I wonder whether the observed width—length scaling may partly reflect a common
dependence of both variables on EF rating.

The manuscript itself acknowledges the potential importance of EF1+, EF2+, and EF3+ anal-



yses. If feasible, I believe such sensitivity tests would significantly strengthen the conclusions.

Answer 3

We fully agree with the reviewer that a common dependence of path length and path width on

EF intensity represents a potentially important confounding factor.

Following the reviewer’s suggestion, we performed new sensitivity analyses for progressively

restricted tornado populations:

EF0+;

EF1-+;

EF2+;

EF3+.

For each subset, the width-length exponent was re-estimated using the same regression and

bootstrap procedure as for the complete catalogue.

The resulting estimates are now presented in a dedicated figure in the revised Results sec-
tion. The exponent remains statistically stable for the EF0+, EF1+, and EF2+ subsets, with
overlapping 95% bootstrap confidence intervals. The EF3+ estimate has a substantially larger
uncertainty because violent tornadoes constitute only a small fraction of the catalogue, but no
systematic monotonic drift of the exponent with increasing EF threshold is observed.

The revised Results state:

“The effective exponent remains remarkably stable between the EF0+, EF1+, and
EF2+ populations, with overlapping bootstrap confidence intervals. Only the EF3+
subset exhibits a noticeable increase in uncertainty, primarily because violent torna-
does represent only a small fraction of the SPC catalogue. Importantly, no systematic
drift of the exponent with increasing intensity threshold is observed.”

This result does not imply that intensity has no influence on tornado geometry. Both path length
and path width clearly vary with EF rating. Rather, the analysis indicates that the measured
population-level width—length relationship is not produced solely by the predominance of weak

tornadoes or by the simple mixing of EF classes.

The interpretation has therefore been revised carefully: the EF-threshold analysis supports
robustness across broad intensity ranges, but it does not establish universality across every
individual EF class or tornado type.

Comment 4



Major Comment 3: Influence of environmental variability.
The SPC database spans a wide range of environmental conditions.

I wonder whether the reported scaling relation remains stable across different meteorological
environments, such as regions characterized by different levels of vertical wind shear, storm-

relative helicity, convective instability, or storm mode.

Without considering these sources of variability, it is difficult to determine whether the measured
exponent represents a universal geometric property or a climatological average across diverse

environments.

Answer 4

We agree completely with the reviewer that environmental heterogeneity is a major limitation

of the present climatological analysis.

The SPC damage-path catalogue does not directly provide a complete, event-matched set of
environmental variables such as CAPE, vertical wind shear, storm-relative helicity, convective
inhibition, lifting condensation level, or storm mode. A rigorous environmental stratification
would require matching each tornado event with an external reanalysis or proximity-sounding
dataset and defining consistent temporal and spatial collocation criteria. This constitutes a

substantial analysis in its own right and lies beyond the scope of the current study.
We have therefore revised the manuscript in two ways.

First, we no longer refer to the measured exponent as a universal geometric property. It is
explicitly interpreted as an effective climatological exponent obtained from a population that

combines many environmental regimes.

The revised Discussion states:

“The effective scaling exponent reported here therefore represents an ensemble prop-
erty of the complete climatological population rather than the characteristic be-

haviour of a single tornado class.”

Second, we have expanded the limitations and future-work discussion to identify environmental

stratification as a primary next step.

The revised manuscript states:

“Combining the present statistical framework with atmospheric reanalysis products
such as ERA5 would make it possible to examine the influence of convective available
potential energy (CAPE), vertical wind shear, storm-relative helicity (SRH), and

parent-storm structure on the measured geometric organization.”

We also now propose separating future samples according to storm mode, geographical region,

and environmental regime.



Accordingly, the present result is interpreted as a climatological population-level benchmark.
Whether the exponent decomposes into distinct environment-dependent values remains an open

question that we now state explicitly.

Comment 5
Major Comment 4: Connection between geometric scaling and tornado dynamics.
The manuscript provides a convincing statistical description of tornado-path geometry.

However, I would appreciate a stronger discussion connecting the reported geometric hierarchy

to tornado dynamics.

For example, tornado path length is closely related to tornado lifetime and translational mo-
tion, while path width may reflect vorter structure, mesocyclone organization, or parent-storm

evolution.
Strengthening this connection would considerably broaden the meteorological significance of the

study.

Answer 5

We thank the reviewer for this excellent suggestion. The Discussion has been substantially ex-
panded to connect the statistical results more directly with tornado and parent-storm dynamics.

The revised manuscript now introduces the schematic relationship

L~UT,

where L is the reported tornado path length, U is a characteristic translational velocity, and T

is an effective tornado lifetime.

This relation is not used as a quantitative dynamical model. Its purpose is to clarify that path

length contains contributions from both tornado longevity and storm motion.

The revised Discussion states:

“If the observed path length is viewed as the distance travelled by the tornado
during its lifetime, L ~ UT, where U denotes a characteristic translation velocity
and T the effective vortex lifetime, the measured scaling relationship implies that the
transverse dimension of the damage path increases systematically, but sublinearly,
as the tornado propagates.”

The physical interpretation of path width has also been expanded. The reported maximum path
width may be influenced by:

e the radial structure of the near-surface wind field;



e vortex stretching and contraction;

e turbulent entrainment;

o surface friction and boundary-layer interaction;
e changes in mesocyclone organization;

e parent-storm evolution;

e environmental shear;

o the spatial distribution of damage indicators.

We now emphasize that the observed statistical relation most likely represents the integrated

climatological signature of several coupled processes.

The manuscript also states explicitly:

“The observed statistical relationship therefore most likely represents the integrated
signature of multiple interacting dynamical processes rather than the consequence
of a single physical mechanism.”

Finally, the revised Discussion explains that the measured relationship provides an observational
benchmark that future numerical simulations, Doppler-radar analyses, and reduced vortex mod-

els should attempt to reproduce.

We believe that these additions considerably strengthen the meteorological relevance of the paper
while maintaining an appropriate distinction between statistical compatibility and demonstrated
dynamical causality.

Comment 6

Major Comment 5: Treatment of tornadoes as a single statistical population.

As I understand it, all tornadoes contained within the SPC database are treated as a single
statistical population.

However, supercell tornadoes, QLCS tornadoes, landspouts, and weak short-lived tornadoes may

not necessarily exhibit identical geometric behavior.

I would appreciate additional discussion regarding whether the reported exponent should be in-
terpreted as a universal property or as an effective climatological exponent obtained from a het-
erogeneous tornado population.

Answer 6

We fully agree with the reviewer.



The revised manuscript now treats population heterogeneity as a central interpretative limitation

rather than a secondary caveat.

The SPC catalogue combines tornadoes associated with multiple storm modes, including super-
cells, quasi-linear convective systems, landspouts, and weak short-lived events. These popula-
tions may differ substantially in vortex dynamics, parent-storm organization, lifetime, transla-

tional speed, and damage-survey characteristics.

For this reason, the exponent is now consistently described as an effective climatological expo-

nent, not as a universal property of every tornado class.

The revised Discussion states:

“The database combines tornadoes produced by different storm modes, including
supercells, quasi-linear convective systems, and landspouts, evolving under a broad
range of environmental conditions. The effective scaling exponent reported here
therefore represents an ensemble property of the complete climatological population
rather than the characteristic behaviour of a single tornado class.”

The revised Conclusion similarly states that the exponent is an effective statistical descriptor of

the population rather than a universal dynamical constant.

We also identify storm-mode separation as a priority for future work. Such an analysis would
require reliable event-level classification of parent-storm type across the full historical record,
which is not available uniformly within the present SPC dataset.

The interpretation has therefore been changed substantially: the stability of the exponent in-
dicates that a coherent large-scale statistical organization emerges from the heterogeneous en-
semble, but it does not imply identical geometric behaviour for all storm modes.

Comment 7

Minor Comment 1: Definition and uncertainty of tornado width.

Since width is one of the central variables in the study, additional discussion regarding the

definition and observational uncertainty of path-width measurements would be helpful.

Answer 7

We thank the reviewer for this important comment.

The revised Methods section now defines W explicitly as the reported maximum path width
contained in the SPC damage-path catalogue.

We emphasize that W is not the instantaneous physical diameter of the tornadic vortex. The
near-surface wind speed decreases continuously with radial distance from the vortex core, and
winds outside the documented damage path may remain elevated relative to the background
without exceeding the locally effective damage threshold.



The revised manuscript states:

“The reported value of W therefore depends not only on tornado dynamics, but
also on the availability of damage indicators, land use, surface roughness, structural
vulnerability, and post-event survey practices.”

We also discuss historical measurement inhomogeneities, including changes in damage-survey
procedures, reporting completeness, Doppler-radar availability, population density, and the avail-
ability of structures or vegetation capable of recording damage.

Accordingly, W is treated throughout as an observational damage-survey quantity with event-

dependent and period-dependent uncertainty, not as a directly resolved dynamical variable.

Comment 8

Minor Comment 2: Please consider reporting confidence intervals for the estimated exponent
a =~ 0.43 in the main text and/or Figure 1.

Answer 8

We thank the reviewer for this helpful suggestion. Following this recommendation, we now
explicitly report the uncertainty associated with the event-level scaling exponent both in the
main text and in the caption of Figure 1.

The exponent is estimated using ordinary least-squares regression in logarithmic coordinates,
while its uncertainty is quantified through a pairs-bootstrap procedure based on 2,000 bootstrap

realizations. The revised manuscript now reports

o = 0.431,

with a 95% pairs-bootstrap confidence interval of

[0.427, 0.436].

These confidence limits provide a direct measure of the statistical uncertainty associated with
the estimated scaling exponent and show that the observed width—length relationship is well
constrained by the available dataset despite the substantial event-to-event variability.

The revised Figure 1 also continues to display the conditional median widths together with
their own 95% bootstrap confidence intervals. We believe that presenting both sources of
uncertainty—the confidence interval of the global exponent and the confidence intervals as-
sociated with the conditional medians—provides a more complete statistical characterization of
the robustness of the observed scaling relation.

10



Comment 9

Minor Comment 3: Please specify the number of bootstrap realizations used and briefly de-

scribe the resampling procedure.

Answer 9

We agree and have added a detailed description of the bootstrap procedure to the Methods
section and Appendix B.

All reported confidence intervals are based on 2000 bootstrap realizations.

Two complementary resampling procedures are used:

1. event-level regression uncertainties are estimated through pairs-bootstrap resampling of
the observed (L, W) pairs;

2. conditional medians are resampled independently within each logarithmic path-length bin.

Unless otherwise stated, the reported 95% confidence intervals correspond to the 2.5th and
97.5th percentiles of the resulting bootstrap distributions.

The revised manuscript states:
“Bootstrap confidence intervals were estimated from 2,000 resampling realizations.
Event-level scaling exponents were obtained using pairs-bootstrap resampling, whereas

conditional statistics were bootstrapped independently within each logarithmic path-
length bin.”

This procedure is applied consistently to the global regression, conditional statistics, EF-threshold

subsets, and moment-spectrum analysis.

Comment 10

Minor Comment 4: Please report the number of tornadoes included in each historical subset:
1950-1974, 1975-1999, and 2000-2024.

Answer 10

We agree and have added the exact sample sizes to the revised Methods section.

The three historical subsets contain:

e 1950-1974: 15934 tornadoes;
e 1975-1999: 24216 tornadoes;

e 2000-2024: 29 825 tornadoes.

11



The full filtered catalogue contains 69 975 events.

The revised Methods section also explains that these periods approximately represent an early
observational era, a transitional era, and the modern Doppler-radar era.

We emphasize that agreement among these subsets is interpreted as evidence of population-level

robustness, not as proof that the historical measurements are free of observational bias.

Comment 11

Minor Comment 5: The plateau region in Figure 11 appears to be identified primarily through
visual inspection. A quantitative criterion would improve reproducibility.

Answer 11

We sincerely thank the reviewer for this thoughtful suggestion. We agree that a formal quanti-

tative criterion could, in principle, improve the reproducibility of the local-scaling analysis.

During the revision, we carefully considered introducing an objective definition of the plateau
region. However, because the local scaling exponent varies continuously with scale, any criterion
based on a fixed numerical tolerance around the global exponent would necessarily require the
introduction of an additional empirical threshold selected a posteriori. We felt that such a
choice would introduce an arbitrary parameter that is not required for the main conclusions of
the study.

Instead, we adopted a more conservative strategy in the revised manuscript. The local-slope
analysis is no longer presented as primary evidence for the existence of the scaling relationship,
but rather as an independent consistency check supporting the conclusions obtained from the
global regression analysis.

The revised Methods now provide a more explicit description of the moving-window procedure
used to estimate the local exponent, while the Results emphasize that the local behaviour should
be interpreted only over the well-sampled intermediate range of scales. The revised text now
states:

“Following pronounced fluctuations at the smallest path lengths, the local exponent
rapidly approaches a broad intermediate plateau that remains close to the global
effective exponent over nearly two decades in scale. Larger fluctuations reappear
only at the longest path lengths, where the number of available tornadoes decreases
substantially and the associated bootstrap uncertainties naturally increase.”

Most importantly, the conclusions of the revised manuscript no longer depend on the visual
identification of this plateau. The existence of a robust population-level scaling relationship
is now supported by the convergence of several independent diagnostics, including the event-
level regression, conditional medians with bootstrap confidence intervals, temporal robustness
across historical periods, EF-threshold sensitivity analyses, conditional moment statistics, and
null-model comparisons.

12



We therefore considered that reducing the evidential role of the local-slope analysis provides
a more robust and transparent solution than introducing an empirical plateau criterion whose

definition would itself remain somewhat arbitrary.

Comment 12

Minor Comment 6: Several statements regarding geometric hierarchy, temporal robustness,
and internal consistency appear repeatedly throughout the Discussion and Conclusion sections.
The manuscript could be slightly shortened by reducing repetition.

Answer 12

We agree with the reviewer and have substantially shortened and reorganized the Discussion

and Conclusion.

The original Discussion repeatedly restated:

the width—length relation;

the definition of the area proxy;

the temporal robustness;

the affine moment hierarchy;

e the null-model interpretation.
In the revised manuscript, the Discussion is organized around interpretation rather than repe-
tition of the Results. It now focuses on:

1. the meaning of an effective population-level exponent;

2. plausible physical mechanisms;

3. heteroscedasticity and statistical interpretation;

4. limitations;

5. future dynamical and environmental analyses.

The Conclusion has also been rewritten without displayed equations and now summarizes the

central message in five concise paragraphs.

We retained a limited amount of repetition only where needed to make the Discussion and
Conclusion intelligible independently, but removed the repeated derivations and repeated claims

present in the original manuscript.
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Comment 13

Minor Comment 7: The manuscript discusses temporal observational inhomogeneities. How-
ever, additional discussion regarding possible width-measurement biases during the pre-Doppler
era may be useful.

Answer 13

We fully agree and have expanded the observational discussion in the Methods and Discussion.
The revised manuscript now notes that early-record path-width measurements may be influenced
by:

« lower detection efficiency for weak or short-lived tornadoes;

e less standardized post-event surveys;

o fewer continuous damage indicators in sparsely populated areas;

e limited radar information;

e changes in reporting practices and classification methodology;

e variation in structural vulnerability and land use.

The revised Methods state:

“Weak and short-lived events were more likely to remain undetected during the
early part of the record, whereas the progressive deployment of Doppler radar and
the standardisation of storm surveys increased detection and reporting completeness
during recent decades.”

We also state explicitly that the temporal-subset analysis does not prove that historical path-

width measurements are unbiased.
The revised manuscript says:
“Agreement between these subsets is interpreted as evidence of population-level ro-

bustness, but not as proof that the underlying path-width measurements are free of
historical bias.”

This wording now reflects more accurately the limitations of the pre-Doppler record.

Comment 14

Minor Comment 8: A brief comparison with scaling relationships reported for other atmo-
spheric vortices, such as mesocyclones or tropical cyclones, may help place the results within a

broader meteorological context.

14



Answer 14

We thank the reviewer for this valuable suggestion.

We have broadened the physical discussion by connecting the measured geometric organization to
coherent-vortex evolution, mesocyclone organization, parent-storm structure, vortex stretching,

and turbulent entrainment.

We chose not to present a direct numerical comparison with a single mesocyclone or tropical-
cyclone exponent because the geometrical observables used in those systems are generally not
equivalent to the SPC damage-path variables. Tornado path length is an integrated track
quantity, whereas the size metrics used for tropical cyclones or mesocyclones commonly refer to
instantaneous radii, circulation thresholds, radar signatures, or wind-field structures. A direct
exponent comparison could therefore be misleading.

Instead, the revised manuscript places the result in the broader context of coherent atmospheric
vortices and explicitly discusses the possible role of mesocyclone and parent-storm evolution:

“Progressive vortex stretching, turbulent entrainment, interaction with the near-
surface boundary layer, environmental wind shear, and the evolving structure of the
parent mesocyclone may all modify the lateral extent of the damaging wind field

during the tornado lifetime.”

The Introduction and Appendix C also retain a broader comparison with multiscale organization
in atmospheric and geophysical systems, while stating clearly that methodological similarity does
not imply identical dynamical mechanisms.

We believe that this contextualization broadens the meteorological interpretation without mak-

ing a quantitatively inappropriate comparison between non-equivalent vortex-size definitions.

Comment 15

Minor Comment 9: The measured exponent is close to, but distinct from, 0.5. [ wonder
whether the authors have considered whether this difference has any potential physical interpre-
tation or whether it falls within the statistical uncertainty of the estimate.

Answer 15

We thank the reviewer for this insightful question.

The measured event-level exponent, approximately 0.431, is close in magnitude to the diffusive
value 1/2, but the difference is larger than the statistical uncertainty associated with the event-
level estimate. We therefore do not describe the measured value as statistically compatible with

exactly 0.5.

At the same time, proximity to 1/2 may be physically suggestive. The revised Discussion now
considers the possibility that lateral broadening shares some qualitative features with constrained

15



stochastic or diffusive growth under finite vortex coherence.

The revised manuscript states:

“Although the measured value is statistically distinguishable from exactly one-half,
this proximity suggests that lateral expansion may share some properties with con-

strained diffusive growth occurring under finite vortex coherence.”

We emphasize, however, that this is a qualitative interpretation and not a demonstrated dynam-
ical derivation. The measured exponent may reflect the combined effects of translation, lifetime,
vortex stretching, entrainment, environmental shear, parent-storm evolution, and observational

damage thresholds.

The manuscript therefore treats the proximity to 1/2 as an interesting physical clue and potential
target for future models, but not as evidence that tornado damage paths follow a simple diffusion

process.

Comment 16

Minor Comment 10: The future-work section could be expanded slightly to discuss how envi-
ronmental variables, such as CAPE, SRH, storm mode, or parent-storm characteristics, might

be incorporated into future scaling analyses.

Answer 16

We fully agree and have substantially expanded the future-work section.
The revised Discussion now proposes coupling the SPC geometry catalogue with event-matched
atmospheric reanalysis data, particularly ERA5, in order to investigate the dependence of the
effective exponent on:

 convective available potential energy (CAPE);

e vertical wind shear;

o storm-relative helicity (SRH);

e geographical region;

e storm mode;

e parent-storm organization;

e environmental forcing.

The revised manuscript states:

16



“A first priority will be to investigate whether the effective width—length exponent
remains stable within more homogeneous tornado populations separated according
to storm mode, geographical region, or environmental conditions. Combining the
present statistical framework with atmospheric reanalysis products such as ERA5
would make it possible to examine the influence of convective available potential
energy (CAPE), vertical wind shear, storm-relative helicity (SRH), and parent-storm
structure on the measured geometric organization.”

We also identify high-resolution Doppler-radar analyses, numerical simulations, and reduced-
order vortex models as complementary approaches for connecting the climatological statistics

with explicit vortex dynamics.

These additions now make clear how the present population-level analysis could be extended to
more physically homogeneous and dynamically informative subsets.

We again thank the reviewer for the thoughtful and constructive report. The comments led us

to reconsider and substantially improve the interpretation of the central exponent.

The revised manuscript no longer presents o =~ 0.43 as a universal property of tornado dynamics.
It is now consistently described as an effective climatological exponent emerging from a hetero-
geneous population. New EF-threshold analyses show that the result is not explained solely by
the mixing of intensity classes, while the expanded Discussion connects the observed relation
more carefully with tornado translation, lifetime, vortex structure, parent-storm organization,

and environmental variability.

We have also clarified the observational definition of path width, added bootstrap uncertainty
estimates and subset sample sizes, reduced repetition, moderated the interpretation of the local-
scaling plateau, and expanded the limitations and future-work sections.

We hope that the reviewer will find that the revised manuscript now provides a clearer, more
physically grounded, and more appropriately qualified interpretation of the population-level
geometric organization identified in the SPC tornado catalogue.
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