Anonymous Referee #2

Major comments

RC2: The authors compare the performance of two LCS and a reference monitor- specifically they
evaluate temporal and spatial trends and find somewhat of a correlation. Why was no calibration
model applied, despite the Introduction stating that such models are necessary?

AC: We thank the referee for this point. The Vaisala AQT530 monitors include proprietary calibration
algorithms embedded in their firmware. Those are designed to adjust raw sensor responses in real
time, compensating for the impact of ambient conditions and aging of the sensor elements. Our goal
was to evaluate the performance of these sensors as provided by the manufacturer, and to determine
whether they can reliably capture spatial and temporal variability in pollutant concentrations without
further post-corrections. By analysing the sensors, which come calibrated by the manufacturer, we
aim to determine their real-world performance. To make this point clear we have updated the
manuscript in several places. For example lines 88 — 90 in the updated version of the manuscript now
read: “The Vaisala Air Quality Transmitter (AQT530) is one of the commercially available cost-effective
air quality monitors that incorporates proprietary algorithms designed to compensate effects related
to variable environmental conditions and sensor aging (AQT530; 2023).”.

RC2: Why were the sensors not co-located with the reference monitor for a longer time to compare
the two? Doing so would provide much more definitive results than the authors current approach.

AC: We understand the point Referee 2 makes here. The scope of this study is to assess the capability
of the Vaisala AQT sensors in capturing spatial and/or temporal variabilities of air pollutants within
the urban environment. Doing so in a reliable way, however, requires to first verifying that the two
AQT units provided consistent measurements when exposed to identical environmental and pollution
conditions. For this reason, both AQTs were initially co-located with reference instrumentation at a
single site for a period of one week. Despite that one week can be considered a short period of time
for such an inter-comparison, the conditions encountered covered a wide range of meteorological
conditions and pollutant concentrations. To be more specific, during the period we co-located the
sensors, we collected 1897 data points, capturing temperature variations between 10 and 33 °C and
relative humidity levels from 11 to 95% (as illustrated in figure below). Additionally, the corresponding
ranges of pollutant concentrations encountered were very similar to the ones measured at the two
different locations throughout the 19-month campaign (see Figure 3 of the main manuscript and
Figure S1 of the Supplement). During the inter-comparison period the measurements of the two AQT
monitors were identical for CO and PMo, exhibiting a slope and an R? of ca. 1.0, upon comparison of
the two monitors (see Figure 2 in the manuscript). The measurements of NO, NO,, Os and PM;s
reported by the two AQT monitors showed differences (see Figure 2), the significance of which was
further evaluated by WRS tests. These tests indicated that the concentrations of CO, PMo and NO;
reported by the two AQT monitors did not exhibit significant statistical differences (within 5%) for
each other (see lines 220 — 226 in the manuscript). Based on the results of the inter-comparison tests
we used for our study the CO and PM1p measurements of the AQT monitors.

We would also like to clarify that although the two AQTs were deployed at separate urban monitoring
locations after the initial co-location, each remained co-located with a reference-grade instrument at
its respective site for the remainder of the monitoring campaign. This approach ensured reliability and
robustness of the comparative analyses presented in the study.

All of the above are now more clearly written in section 3.1 of the manuscript.
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Figure 1: Time series of the temperature and RH measurements recorded during the co-location week.

RC2: The authors results are not novel. | would advise the authors to use the sensors to investigate a
specific air quality issue, instead of merely providing correlations between these sensors

AC: We believe that the results of this work are very important. Before using those sensors to
investigate any air quality issues, we need to assess their performance, and doing so, we need to check
their ability to capture temporal and spatial variabilities. Specifically, our work assesses whether the
variability in the concentration of different air pollutants shown by the Vaisala AQT530 measurements
can be attributed to actual spatial and/or temporal differences within the complex urban environment
or is an artefact related to the limitations of the current technology used in low/medium cost and
portable sensors. To the best of our knowledge, and despite of its importance, this kind of assessment
is missing in the literature. Understanding how well (or not) these sensors reflect intra-urban
differences; despite their limitations, contributes meaningful insights for all specific AQ applications,
like practical air quality management, hot-spot recognition, emission sources activity time and
location profile, exposure etc. We believe this perspective adds relevance beyond correlations,
offering guidance on real-world use of the AQT530 in city-scale environmental monitoring. The
importance of our study is now better emphasized at the end of the introduction.

RC2: In addition, a lot of key details are in the Sl such as details of the WRS test.

AC: We chose to include supporting information and details in the supplement, such as the detailed
description and equation of the WRS test, which is a well-known statistical test. The same is true for
the p-values resulting from the test (also included in the supplement) which only show (and support)
if the null hypothesis of the tests were accepted or rejected at the significance level used in our study
(i.e., 5%). By including such results in the manuscript would have made the presentation less
streamlined and potentially harder to follow.

Minor comments




RC2: In section 2.2 was there any reason the Vaisala monitors were selected? Have these sensors been
evaluated by the EU JRC or CARB or US EPA? Can the authors report what these organizations have
found during their lab calibrations/field tests?

AC: The Vaisala AQT530 is a commercially available monitor but has only been used in a limited
number of studies to date. Therefore, evaluating its performance is both timely and necessary. To the
best of our knowledge, there is no publicly available information on whether the Vaisala AQT530 has
been evaluated by the European Commission’s Joint Research Centre (JRC), the California Air
Resources Board (CARB), or the U.S. Environmental Protection Agency (EPA). However, it has
undergone evaluation in 2022 by the South Coast Air Quality Management District (AQMD) in
California, and specifically at the Air Quality Sensor Performance Evaluation Center (AQ-SPEC). Key
results from the tests conducted by AQ-SPEC are now presented in the revised manuscript (see lines
90-100).

Key performance indicators of the field performance evaluation from AQ-SPEC were also briefly
compared with our results in section 3.1 of the revised manuscript (see lines 264 — 270).

RC2: In section 2.3 can the authors provide information on the manufacturer specifications

AC: To address that, we have included the key specifications of all the sensors used in the monitor in
section 2.2 (see Table 2) of the revised manuscript version.



