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Overall, the paper is very well written and presents its conclusions clearly. I recommend it
for publication following some minor additions and corrections noted below.

The authors want to thank the reviewers for taking the time to provide comments. We
have addressed the comments below.

 

My biggest concern is that using a fixed total amount of sensor data, as the calibration
period is increased, the evaluation period is decreased. Comparing results across
calibration periods of different lengths could potentially be misleading. Ideally, calibration
periods of the same length would be used in all cases; however, this is practically difficult
with limited data. A comment to this effect should be added in the paper as a caveat for
the presented results.

Response: We acknowledge that this is a constraint caused by a limited data set. Given
that we consider several pollutants, there is not one season that captures the full dynamic
range of all the sensors. Also, we wanted to evaluate the calibrations consistently across
sensor types in as many seasons as was permitted by the available data. To supplement
our current analysis, we have added an additional supplemental figure (SF4; See below)
referenced in section 3.2 for an analysis of the PM data where the 250 randomly selected
calibration periods were from between 02/2019 and 11/2019 and the evaluation period
was held to 11/2019-02/2020 for all of the considered calibrations. The results were
consistent with the original method.

We have also added to the methods section, “Ideally, evaluation periods of the same
length would be used in all cases; however, this is challenging with a limited data set and
when comparing pollutants with notably different seasonal trends.”

 

While the use of linear regression approaches to calibration is a reasonable way to
approach the analysis, it is by no means the only approach to low-cost sensor calibration.
In particular, methods for accounting for the non-linear impacts of various predictors,
including quadratic regressions and various machine learning approaches, may be more
appropriate. While it is not necessary to exhaustively investigate these here, some



mention of these alternative approaches should be made, for example as a topic of future
work. Similarly, while using simple “coverage” as a metric to test the appropriateness of
the calibration period to the evaluation period is a reasonable first approach, more
sophisticated comparisons of the statistical distributions of predictors across these periods
could also be applied in future analysis and might also be mentioned here.

Response:  We agree linear approaches may not be the best method for all low-cost
sensors, but the popularity of linear models is due to their simplicity which makes them
accessible to more users. We did investigate simple and interpretable non-linear forms like
quadratic and splines with one breakpoint in a previous paper (Evaluating the performance
of using low-cost sensors to calibrate for cross-sensitivities in a multipollutant network,
https://doi.org/10.1021/acsestengg.1c00367). The calibration models proposed in that
work were applied in this manuscript.

We have added discussion on suggested future work: “Future work should evaluate if
employing methods that account for any non-linear responses of key predictors can
further optimize the calibration of low-cost sensors as well as if more sophisticated
comparisons of the statistical distributions of predictors across calibration periods are
beneficial.”

 

I would strongly suggest that the datasets used for this analysis be made publicly
available if this has not already been done, and the data repository be linked in the paper.
This will facilitate other researchers investigating the dataset to determine appropriate
calibration strategies for their particular needs.

Response: Search center researchers plan to post data from the network together,
including this subset of data. Upon request to the corresponding author, the authors can
share the data from this publication

 

Specific Comments

Line 16: “mm” should be micrometers.

Response: This has been corrected.

 

Line 18: “randomly” should be “randomly selected”.

Response: This has been corrected.

 

Line 80: “was” should be “were”.

Response: This has been corrected.

 

Line 90: What was the increment of the calibration durations? E.g., “ranging from 1 to 180
consecutive days in X day increments”. This can be inferred from the presented results,
but it is best to explicitly state it as well.



Response: This has been added. “For each hypothetical calibration co-location scenario
(i.e., ranging from 1 to 180 consecutive days in 1 day increments), 250 sample calibration
test periods were randomly selected of that duration.”

 

Line 115: Please elaborate on what is meant by “time”, e.g., hour of the day, day of the
week, age of the sensor, etc. Based on later comments I assume it is the age of the
sensor, but this should be specified.

Response: In a previous publication, we assessed the change in baseline response over
time. Time here refers to the time the data were collected. Therefore, the betas produced
clarify how the sensor response changes per unit of time in the calibration period that was
not accounted for by the other predictors. We have clarified in the text, “The CO sensor
model included temperature, RH, and time, where time refers to the current date and time
that the data were collected.”

 

Line 202: “2.5” should be subscripted.

Response: This has been corrected.

 

Figure 4: For completeness, plots similar to these should be created for all sensors and all
predictors and included in the supplemental information.

Response: This has been added in Supplemental Figure 5. “The O3 sensor is an example
of another sensor that exhibits a cross-sensitivity to another common pollutant (NO2; not
shown in the main text), which has been demonstrated in a previous work (Levy Zamora,
2022). Additional examples of coverage of key variables for all the sensors are shown in
Supplemental Figure 5.”

 

Line 269: Remove “compound”.

Response: This has been corrected.

 

Table 3 Caption: The bottom of the caption may be cut off. Also, the “required conditions”
should be specified here.

Response: This has been corrected. “Table 3. Comparison of the median RMSE (µg/m3)
for PM2.5 from 1-week calibration periods with different coverages of temperature and RH
conditions. Only calibration periods with more than 50% coverage of the PM2.5
concentration range were included in the table (>50% corresponds to 26 µg/m3 or more
in this dataset). For four scenarios (e.g., PM2.5 coverage > 50%, RH Coverage > 50%, T
Coverage > 20%), the 1st percentile RMSE, 99th percentile RMSE, and the percentage of
calibrations that exhibited all required conditions (e.g., RH > X % and T > X%) are shown
(1st - 99th percentile; %).  For comparison, the median (1st - 99th percentile) of the
PM2.5 1-week calibration periods from the full data set (i.e., no coverage requirements)
was 6.6 µg/m3 (3.1 – 18.3 µg/m3).”



 

Line 302: “was” should be “were”.

Response: This has been corrected.

 

Line 311: Remove “and”.

Response: This has been corrected.

 

Line 317-319: Regarding the statement “…the co-location duration was not as predictive
of data accuracy…” this might not be entirely supported by your results as you present
them, since you do not explicitly perform a meta-analysis of using either duration or
coverage as a predictor of performance metrics. You might consider doing such an
analysis, or slightly rephrasing this statement.

Response: We have modified the text to state “While longer co-location periods up to
several months generally improved the performance of the sensor, optimal calibration
could be produced from shorter co-location lengths if the calibration period covered the
span of conditions likely to be encountered during the evaluation period.”

 

Line 334: The “<link>” is missing here.

Response: Thank you for noting this. We have modified it to state, “This material is
available free of charge via the internet at https://egusphere.copernicus.org/preprints/202
2/egusphere-2022-200/egusphere-2022-200-supplement.pdf.”

 

Supplemental Figure 4. To supplement our current analysis method where the
evaluation period is flexible in order to evaluate more seasons, here we show an analysis
of the PM data where the 250 randomly selected calibration periods were from between
02/2019 and 11/2019 and the evaluation period was 11/2019-02/2020 for all of the
considered calibrations. The potential range of A) RMSE and B) correlation coefficients (r)
for a given co-location length. C) The starting times for each of the 250 calibrations for
the one-day analysis are indicated in red, and the evaluation period is shown in gray.

Supplemental Figure 5. Additional examples of coverage of key variables for all five
sensors using 1-week calibration scenarios. A-C) PM (Temperature, RH, and PM
concentration range), D-F) CO (Temperature, RH, and CO concentration range), G-I) NO2
(Temperature, RH, NO2concentration range, O3 concentration range, and NO concentration
range), J-L) NO (Temperature, RH, NO concentration range, and CO concentration range),
and M-O) O3 (Temperature, RH, O3 concentration range, and NO2 concentration range).
The bluer squares indicate lower RMSE values (more accurate calibrations).

Please also note the supplement to this comment: 
https://egusphere.copernicus.org/preprints/2022/egusphere-2022-200/egusphere-2022-2
00-AC1-supplement.pdf
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