Response to comments from Reviewer #1

On behalf of all coauthors, | would like to thank the reviewer for their time and effort in reviewing
our manuscript. It was encouraging and rewarding to see the support of our suggested
reimagining of this well-established technique for independent top-down estimation of local to
regional GHG emissions. Indeed, we are hopeful that the suggestion of stability typing (at sites
where appropriate) and 8-point checklist of somewhat flexible criteria important to the
technique will assist with clearer interpretation of future results — but the reviewer is also quite
right in mentioning the potential for using this information to reanalyse prior datasets.

We agree with the reviewers’ suggestions regarding technical issues and have addressed these
with tracked changes in a revised version of the manuscript that will be posted at the end of the
review process.

Regarding one point:
line 427: Not sure whether the acronym 'PTI' has been introduced in the text before?

The acronym PTI (Persistent Temperature Inversion) was first introduced at line 216.

The reviewer also inquired about the implications of considerations discussed here for other
implementations of the RTM. As noted in the Introduction, four implementations of the RTM
have appeared in the literature, each targeting different spatial scales and temporal resolutions
of emission estimates: (i) a regional-to-continental scale approach; (ii) a regional scale
plume/event-based approach; (iii) the local-to-regional scale nocturnal accumulation approach
discussed in this manuscript; and, (iv) a local scale profile method.

To recap, the main recommendations of this manuscript were to consider stability class typing
in conjunction with the nocturnal accumulation implementation of the RTM, and to think of the
technique’s eight main considerations on a case-by-case basis (in view of site characteristics
and measurement setup):

(i) nocturnal window definition,

(ii) radon and target gas accumulation thresholds,

(iii) radon-to-target gas regression linearity thresholds,

(iv) measurement height,

(v) defining the contributing fetch,

(vi) spatial and temporal radon flux variability,

(vii) RTM temporal resolution, and

(viii) application specific selection of a suitable radon monitor.

The local scale profile method is most comparable to the method described in this manuscript,
since it is also based on accumulation measurements within the nocturnal boundary layer. In
principle, stability classification would also be beneficial for this approach, and measurement
heights (point iv above), would be set low, but all of the other seven considerations would apply.
However, since the contributing fetch region is typically much smaller for this approach, the
degree of sensitivity of result to each of the seven remaining points would likely be dependent
on the small-scale fetch heterogeneity. For example, if looking at small-scale fetch in a broadly
homogeneous region, results would presumably be less sensitive to points (i), (v) and (vi) above.
While measurements are close to the surface (where radon concentrations are larger), since



radon gradients need to be accurately characterised, low measurement uncertainty would also
be important for this implementation.

Regarding the two regional-scale implementations of the RTM, they both target observations in
a well-mixed, fully developed, boundary layer. In this respect, stability classification would not
benefit these approaches. To the contrary, in fact, since both techniques are seeking to
characterise emissions from larger (typically more remote) regions, it would usually be a
requirement to minimise very local influences (for which a wind speed threshold, based on
measurement height, is usually applied, and measurements below some agreed critical wind
speed are excluded). For these approaches the accumulation threshold requirement is
replaced by a minimum concentration above the regional expected “baseline” (clean air) value.
It is stillimportant to characterise the contributing fetch region (though at higher wind speeds,
in a developed boundary layer, trajectory or plume dispersion model fetch estimates are likely
to be more representative of “truth” than under stable nocturnal conditions). Similar challenges
regarding the representation of spatial and temporal variability of the radon flux will remain. Air
mass travel times are generally longer, so it becomes more critical to account for radon decay in
transit, and the measurement uncertainty for radon detection is usually less critical given the
large differences typical between radon concentrations of “baseline” and continental air
masses.

Scott Chambers (on behalf of all co-authors)
17-July-2026

Response to comments from Reviewer #2

This manuscript presents a comprehensive review of the nocturnal accumulation Radon Tracer
Method (RTM) and the considerations involved in applying it under local conditions. The
manuscript is well written and structured. It is particularly timely given the expansion of
atmospheric observation networks aimed at quantifying greenhouse gas emissions and
establishing robust emission baselines. In this context, the RTM provides an alternative top-
down approach that can offer an independent constraint on emission estimates.

A particular strength of the manuscript is the detailed discussion of how choices regarding the
accumulation window, atmospheric stability, measurement height, contributing fetch, radon
flux and instrument performance can vary from site to site. The examples from different
locations clearly illustrate how these factors affect the application and interpretation of the
method. These examples and clarifications may encourage revisiting previous estimates and
help improve the consistency and reproducibility of future applications.

On behalf of all coauthors, | would like to thank the reviewer for their time and effort in reviewing
our manuscript. It is encouraging that others share the desire for improved transparency and
interpretation of results obtained by the Radon Tracer Method under different scenarios. We are
hopeful that the community will test these hypotheses and either verify or improve upon the
approach.

Overall, I found no major scientific or technical issues with the manuscript. It provides a well-
balanced discussion of previous work, methodological developments and limitations, with
sufficient detail to support implementation of the method at new sites. | agree with the other
reviewer that it would be useful to briefly consider how some of the insights presented here may



apply to RTM implementations at different spatial and temporal scales. | recommend
publication following minor revisions/clarifications.

Comments
Lines 70-80 and Conclusions

The Introduction briefly mentions the other three implementations of the radon mass balance
approach. It would be useful for the Conclusions to briefly mention whether any of the
considerations discussed here may also be transferable to those other approaches.

Thank you for the suggestion. The Conclusions of the revised manuscript have been modified to
include a brief discussion of how and if the main suggestions from this study can be applied to
other published formulations of the radon tracer method.

Lines 943-950

Given that these eight considerations form the main practical guidance of the manuscript, |
wonder whether a short summary table could be useful here. The table could briefly list each
factor discussed in Sections 3.1-3.8, the main consideration or recommended criterion, and
which aspects should be adapted to local or site-specific conditions. | think this would make
the manuscript particularly useful as a reference for researchers implementing the RTM at a
new site, without implying a universal method.

We acknowledge the potential value of such a table. Brevity would likely be the most
challenging issue. To try to keep this from the main body of the paper, which is already lengthy,
we suggest including a summary table as an Appendix (Appendix A in the revised manuscript).
We would value any feedback from the reviewer or Editor as to whether the extent of contentin
the proposed summary table is appropriate, and as to whether it can be left as an Appendix or
included as a Section of the main paper.

Appendix A: Quick reference RTM application overview
To recap, the underlying assumptions for applying the nocturnal accumulation RTM include:

(1) radon and target gas fluxes similarly distributed and relatively homogeneous over the contributing fetch;

(i)  any heterogeneity is small-scale and random, uncorrelated with atmospheric processes on small
spatial/temporal scales;

(iii)  the target gas has no atmospheric sinks over measurement timescales, or between emission and
measurement;

(iv)  both species are acted upon by the same transport and mixing processes from the source to the point of
measurement (i.e. measured at the same, constant location and height above ground within the SNBL).

The site or application specific considerations discussed in this review include:

Consideration Comments

Stability Radon-based stability classification (relative, by season) is most
classification effective for measurement heights always within the SNBL. It groups
(optional) results by similar weather conditions (improves ability to attribute

results to different fetch scales, fetch directions and soil moisture
conditions) and can assist with interpretation of findings if point
sources exist within the contributing fetch regions.




Nocturnal Window
(NW)

The duration and timing of the NW depend on target gas, measurement
height, weather conditions, day length (season), and fetch
characteristics. Since wind speed and direction change with weather
conditions, stability classification can assist with NW definition (fetch
can change through the night in consistent ways under different
stability conditions). In (or near) complex terrain, flow conditions, fetch
and fetch characteristics can change with weather conditions.
Stability dependent NW definition can improve consistency and
interpretation of findings.

Accumulation
thresholds

Defining an appropriate accumulation threshold helps ensure
acceptable signal to noise ratios and constrain the fetch extent. The
signal to noise ratio is inversely related to the regression uncertainty
for RTM flux estimates. The expected accumulation rate within the NW
should be =3 times the instrument uncertainty. Radon accumulation
thresholds should be defined and applied seasonally in regions
subject to seasonal soil saturation or freezing / snow cover.

Regression linearity
thresholds

Regression linearity is an indication of how similarly distributed and
homogeneous the gas source functions are over the fetch (how well
the RTM assumptions are being met). A suggested target is R*= 0.7.
Since the degree/scale of heterogeneity can change with the size and
location of the fetch, R? values may change with stability. Isolated
instances of heterogeneity (e.g. brief influence of a point source) will
present as outliers from the linear trend. If the NW is large enough, 1 or
2 outliers may be flagged out of nightly regressions to improve the R2.
Temporal variability of a source function (e.g.
photosynthesis/respiration) can impact R?, and NWs should be
adjusted accordingly. For instruments with higher uncertainty the R?
threshold can be reduced. If so, average over a larger number of
events. If the fetch includes a coastline, accumulation becomes a
function of wind speed and direction, which can vary over the NW. This
complicates NW definition and can impact R? values (this situation is
best avoided). Instrument response time issues or temporal lags
between instruments should be identified and fixed before R? values
are determined. Check for cases where accumulation and high R?
values appear to persist several hours after sunrise. This may be the
result of a largescale advection event or a persistent temperature
inversion.

Measurement
height

The scale of contributing fetch increases with measurement height
(this can have positive or negative effects depending on scales of
heterogeneity). Where measurement height can be selected, consider
the intended fetch when installing instruments. Where measurement
height is fixed, and stability classification is possible, fetch will
increase with decreasing nocturnal stability. The rate and magnitude of
accumulation are higher closer to the surface. If using instruments
with high uncertainty, plan to measure closer to the surface (e.g. < 20
m agl). The closer measurements are to the surface the smaller the
scales of contributing turbulence, and the more important itis for
gases to be measured at the same height and location (and vice versa).




Measurement height relative to canopy height (whetheritis a
vegetation canopy or urban canopy) is important, since the vertical
distribution of sources/sinks may change. Measurement height will be
application specific, depending on sources/sinks being targeted.

Fetch definition

Careful choice of model is important for defining RTM fetch (e.g.
optimised high-resolution footprint modelling). Even so, the model’s
ability to correctly represent fetch will decrease as nocturnal stability
increases. If stability classification has been performed, where
possible, in situ wind speed and direction at the measurement height
should be used to inform contributing fetch estimates under stable
nocturnal conditions. In (or near) complex terrain, models seldomly
represent nocturnal flow and fetch conditions associated with
katabatic drainage accurately. Investigating model-measurement bias
in wind speed and direction separately by stability category can help
identify potential problem conditions. Representative fetch definition
is critical for comparisons with BU emission estimates.

Spatial/Temporal
radon flux variability

The RTM assumes radon flux is constant on short timescales (each
whole night) and spatially (across the contributing fetch).
Contemporary radon flux maps can typically approximate seasonal
soil moisture influences on spatially varying radium content and soil
characteristics. Individual rainfall events on sub-diurnal to synoptic
timescales impact soil moisture variability that, in turn, introduces a
poorly constrained variability in radon flux (the spatial and temporal
nature of which can vary with rainfall type — widespread or convective).
Stability classification groups nights with similar weather conditions
(regarding wind speed and rainfall). The most stable nights represent
the smallest contributing fetch region with the lowest amount of recent
rainfall.

Temporal resolution
of flux estimates

For sensors with low uncertainty, or sites with moderate to high
accumulation rates, the RTM usually provides sufficient data for
monthly emission estimates from a representative fetch. Otherwise,
seasonal averaging may be required to compensate for higher
uncertainty of individual emission estimates.

Requirements of
radon monitors

“Typical” nocturnal accumulation rates (estimated from diurnal-
composite plots each season) will inform optimum instrument
requirements. Accumulation rates (at the chosen temporal resolution)
should be at least 3 times larger than instrument uncertainty at that
temporal resolution and concentration. Seasonal average nocturnal
accumulation rates will decrease with height above the ground, or with
degree of soil saturation / freezing typical of the site or season.

Scott Chambers (on behalf of all co-authors)

11-September-2026



