We thank the reviewers for their insightful comments and suggestions. The original general comments are below in black, our responses follow in blue, and the revised manuscript text in red.

We preface our response by noting three significant additions to our prior analysis. 
 
[bookmark: _Hlk151026283](1) A humidity-dependent sensitivity was determined for the Picarro G2307 instrument. The procedure for quantifying and accounting for the humidity impact is discussed in Sect. 2.1.3: 
[bookmark: _Hlk151119027]
2.1.3 Humidity-dependence

Two trials were performed to quantify the impact of humidity on G2307 measurements. HCHO-free air was provided by either a zero-air (ZA) generator (Tofwerk) with DR column (trial 1) or an ultra ZA cylinder (trial 2). A portion of the ZA stream was humidified by using a bubbler containing Milli-Q water. The fraction of ZA humidified was varied using a mass flow controller such that measured H2O concentrations ranged from 0.05-1.7%.

Fig. 1 shows the reported HCHO concentrations in HCHO-free air as a function of measured % H2O. As reported in Glowania et al. (2021), data fell into two linear regimes with a demarcation at 0.2 % H2O. Data were averaged to 5 minutes and each regime fitted using a York regression (York et al., 2004) with standard deviations of the measurements used as uncertainty. We find significantly smaller slopes (lower H2O influence) than Glowania et al. (2021), indicating that humidity-dependencies may be instrument-specific. The HCHO offset is defined in Eqn. 1:

		(1)

where [HCHO]offset (ppb) accounts for the HCHO signal lost at some % H2O and [H2O] is the corresponding instrument-reported % H2O mole fraction.

Depending on the instrument zeroing method, ambient and baseline humidities may be very different. These differences could lead to signficant biases in reported HCHO differential measurements. For example, Fig. 1 suggests the use of a dessicant such as DR, for sampling ambient air at 1% H2O would generate a bias of -0.4 ppb if the humitidy dependence is not corrected. We emphasize the importance of experimentally determining a correction factor for humidity-effects before deployment.
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Figure 1 – Picarro G2307 HCHO concentrations as a function of measured H2O concentrations. Regressions for the two H2O spectral fitting regimes are plotted alongside the slopes from Glowania et al. (2021). Error bars are the standard deviation in instrument baseline or % H2O for each 5 min averaged point.


(2) Dynamic dilution calibrations of Picarro G2307 were performed, as described in section 2.1.6.


2.1.6 Instrument calibration

Single-point and dynamic dilution calibrations were conducted at the beginning, middle, and end of the G2307’s deployment.  Single-point calibrations were performed by flowing a concentrated standard (either Apel Riemer: 1015 ppb ± 5%, Airgas: 1031 ppb ± 10%, or Airgas: 1044 ± 10%) through a silonert-coated stainless steel (SS) regulator and directly into the instrument. This configuration avoids interaction between the calibration gas and stainless steel surfaces, thereby reducing passivation times to sub-hour lengths. However, this technique relies on the assumption that observations are linear from 0-1 ppm HCHO. The single-point measured concentration was determined as the instrument-reported concentration mutiplied by an N2/air matrix conversion factor of 1.0625 (Bent, 2023).

Dynamic dilution calibrations were performed by diluting the HCHO standards with ZA from either a Tofwerk ZA generator or an ultra ZA cylinder. After a 5 hr passivation time at ~200 ppb HCHO, concentrations were varied in the 0-40 ppb range. Each concentration step was 3 h in duration with 5 min zeroing periods conducted hourly.

Slopes from all calibrations (single-point, dynamic dilution, and original factory calibration) agreed within 10 %, with no systematic bias between calibration method. This indicates both that G2307 measurements are linear up to a ppm range and that sensitivity remained stable during the 2021-2023 period. Ambient measurements are processed according to the temporally closest calibration. We determine the uncertainty in ambient measurements to be 10 % per the uncertainty associated with the standards used for calibration.


(3) Dynamic dilution calibrations and a second round of standard addition calibrations for the Aeris instruments were performed. These calibrations, alongside a second co-deployment period in Aug. 2023, are now used to improve the discussion of the instrument’s relative differences. The additional calibrations and co-deployment period are discussed in sections 2.2.5 and 4.2.1 of the manuscript.


2.2.5 Instrument calibration

In Sept 2023, both Aeris instruments were calibrated using dilutions of a HCHO gas standard (either Apel Riemer: 1015 ppb ± 5%, or Airgas: 1044 ppb  ± 10%) with humidified ultra-ZA. The configurations for humidifying air and diluting the gas standard were as described in sections 2.1.3 and 2.1.6. Both instrument calibrations produced slopes within 5 % of the original factory calibration, which occurred in Feb. 2021. Intercepts were in the range of -0.03-0.12 ppb. These results indicate that the calibration throughout the instruments’ respective deployments remained stable.
In Oct 2022 and Sept 2023, standard addition calibrations were performed by adding small amounts of the gas standard to the ambient line. Expected concentrations are calculated as the flow weighted average of the gas standard concentration and the ambient concentration. Ambient concentration is measured by a co-located reference instrument. In Oct. 2022, the two Aeris units were co-located and informed one another. In Sep. 2023, Picarro G2307 measurements were used as the reference.

Results for the standard addition calibrations are shown in Fig. 3. York regressions (not plotted) incorporated the 1-min standard deviation of the measured concentrations, cylinder concentration uncertainty, and, for the standard addition calibrations, the measurement uncertainty associated with the corresponding reference instrument.

The Pico’s standard addition calibrations agreed closely with the ZA dynamic dilution calibration and produced slopes of 0.94 ± 0.16 and 0.97 ± 0.16, intercepts of 0.13 ± 0.61 and 0.16 ± 1.18, and normalized mean biases (NMB) between measured and expected concentrations of -4.9% and -5.5% in 2022 and 2023, respectively. The high uncertainty with the 2023 intercept is attributed to issues with the instrument’s thermo-electric cooler which began in Aug. 2023. All Pico data was processed according to the standard addition calibration closest in time.

The Ultra’s 2022 standard addition calibration produced a slope of 0.86 ± 0.16 and a NMB of -13.2% between measured and expected concentrations. This calibration and the Ultra’s 2023 dynamic dilution calibration agree within the uncertainties of both techniques. However, the 2023 standard addition calibration produced a slope of 0.77 ± 0.08 which has relative decreases of 10.5% from 2022 and 19% from the dynamic dilution calibration, and a NMB of -22.8% between measured and expected concentrations. This NMB persisted in the Ultra’s ambient observations and could not be related to any measured instrument parameters.

These results suggest that standard addition calibrations are useful as a secondary check on instrument sensitivity once in the field. All ambient data for the Ultra data were processed using the 2023 standard addition calibration. This decision is owed to the intercomparison results presented in Sect. 5 wherein application of this calibration most effectively reduces the NMB relative to the G2307 and Pico. Correspondingly, a 14 % relative uncertainty from propagating the measurement uncertainties of the G2307 and Ultra in quadrature. A 0.3 ppb offset is added per the Pico/FILIF comparison in Shutter et al. (2019), which falls within the range of calibration offsets seen in this work.

[image: ]
Figure 3 – Results from Aeris standard addition calibrations. Error bars are the uncertainty in each data point, with measured concentrations using the standard deviation of each averaged concentration step and expected concentrations using the cylinder uncertainty. For the standard addition, the measurement uncertainty of the reference instrument is also incorporated.



4.2.1 Continuous HCHO monitor comparison

Fig. 8 shows all HCHO observations from the Aeris and Picarro G2307 instruments from their co-location periods. York regressions of 20-min averaged data incorporate the measurement uncertainties defined in Sect. 2. Observations correlate strongly (r ≥ 0.9) for each comparison.

The Pico had a NMB of 12-13% relative to the G2307 (Fig. 8a), with slopes ranging from 1.01 to 1.09. Fig. 8b shows a Pico NMB of 13% compared to the Ultra, with slopes ranging from 1.04 to 1.13. Before applying a standard addition calibration factor, the Ultra’s observations were consistently lower compared to the other instruments. The good agreement in the Ultra v G2307 comparison (Fig. 8c, slope = 0.99, NMB = -1%) supports the use of the standard addition calibration. Intercepts for all regressions range from -0.11-0.41 ppb, which is near to or less than the intercomparison offsets observed in Shutter et al. (2019) for ART-fitted measurements.

The scatter around the lines of best fit is primarily owed to the low precision of the Aeris ambient measurements, which is determined by the 30 s zeroing intervals. There are occasional periods of large deviations from the lines of best-fit. These periods typically lasted multiple hours, suggesting accuracy (rather than precision) is the cause of the deviations. Specifically, on four separate occasions the Aeris instruments both measured 10-15 ppb HCHO while the Picarro observations remained at ~10 ppb. Reasons underlying this behavior could not be traced to measured instrument parameters or ambient variables.
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Figure 8 – Comparison of ambient observations from the three HCHO monitors assessed in this work. (a)  Pico and G2307 observations taken at SDK in 2022 and 2023, (b) Pico and Ultra with 2022 measurements taken at GT in 2022 and SDK in 2023 (c) Ultra and G2307 observations at SDK 2023.


The identification of humidity-dependent sensitivities and recalibration of the instruments have been taken into account for all data. As a result, the prior conclusions of the original manuscript have been altered:
(1) We now find that all zeroing methods except for heated hopcalite are effective for instrument zeroing.
(2) Sensitivity for all HCHO monitors remained stable (relative change within uncertainty) throughout their respective deployment periods, and after calibrating, all monitors agreed within 13%.
(3) The Picarro G2307 v TO-11A regression results in an even greater difference between methods (Fig. 9).
(4) The comparison with 1999 SOS data now shows a smaller decrease in urban daytime HCHO concentrations from 1999 to present day (Fig. 11).




















Referee #2: 

General Comments: 

Mouat et al performs an intercomparison between Aeris MIRA instruments (Pico and Ultra) and Picarro CRDS G2307 in order to evaluate how robust these instruments are for long-term HCHO monitoring. Comparison is also made to the standard EPA Method TO-11A. The authors compare instruments against each other to determine relative biases and offsets. Additionally, they also evaluate how well HCHO is removed by DNPH, Hopcalite (HO), Drierite (DR), and Drierite+Molecular Sieves (DR+MS), and found that DNPH was best suited for all instruments to generate HCHO-free air.

The authors also present a multi-month HCHO dataset taken at two locations in the Atlanta metro area and show that HCHO has decreased by ~50% over two decades by comparing recent measurements in 2022 with those in 1999. The level of analysis for this last section of the paper is appropriate for AMT.

In addition to usual revisions and minor technical corrections, this paper contains several major revisions and corrections that I describe more fully below which the authors need to address. Broadly speaking, the major revisions encompass how the authors are calculating instrument performance and how they compare the instruments against each other.

This paper fully falls within the scope of AMT and would be of interest to its readership. I would recommend publication but only after proper and full attention has been paid to the following revisions.



Major Revisions:


Section 2: Aeris MIRA

1) Line 179: "We sample ambient air for 180 s and scrubbed air for 30 s": The default settings of the Aeris MIRA instruments used to be sampling ambient air for 15 s followed by scrubbed air for 15 s, yet the authors have dramatically changed the timing of the cycle without providing substantial justification as to why their new cycle is better (other than maybe extending DNPH lifetime). The instrument's use case is for ambient monitoring (not fluxes), so more frequent sampling of the scrubbed-air line is fine.

We thank the referee for these insightful comments. We first want to note standard Allan-Werle curves were determined per the referee’s suggestion later in comment (7). For the revised manuscript, precision experiments using zero air were conducted for each HCHO monitor and have changed our appraisal of the instrument precision. This is now discussed in Sect. 3:

Lines 375-413: “The precisions of the three analyzers were characterized in two ways. First, the instruments’ inlets were overflowed using a ZA source for 24 h and precision was calculated via an Allan-Werle curve, as in prior instrument characterization studies (Shutter et al., 2019; Glowania et al., 2021). Results are shown as the solid lines in Fig. 4. The G2307 achieves precisions of 0.09 ppb, 0.05 ppb, and 0.03 ppb for integration times of 5, 20, and 60 minutes. This performance is similar to the 5 min 0.06 ppb precision reported by the manufacturer and results determined in Glowania et al. (2021). The Ultra achieves precisions of 0.20 ppb, 0.20 ppb, and 0.28 ppb for the same periods. The best precision achieved by the Pico is 0.66 ppb at a 30 s integration time. At longer integration times, fluctuations in concentrations reported by the Pico instrument can be attributed to thermal instability. Internal instrument temperatures varied by ±0.3-0.4 °C over the course of 7 h and were well-correlated (r > 0.85) with the instrument baseline. Resultingly, precisions past 40 s integration times quickly became unsuitable for ambient monitoring. During deployment, the Pico’s internal temperature was more stable compared to the ZA tests performed in the laboratory. When using 30 s zeroing periods from the Pico’s ambient time series, a precision of 0.40 ppb HCHO is determined, which is comparable to that of the Ultra for the same integration window.
[bookmark: _Hlk151028703][image: ]
Figure 4 – Allan-Werle curves for a) Picarro G2307 b) Aeris Ultra and c) Aeris Pico instruments. Uncorrected precisions (solid lines) are calculated without accounting for baseline variation, whereas corrected precisions (dashed lines) use the same baseline-characterization method used to process ambient data. 

As Allan variance is not meant to address systematic errors like temperature effects, we developed a modified, or corrected, Allan-Werle curve that better characterizes the precision of ambient measurements. Still sampling ZA, we replicated the sampling sequences and data processing methods used for ambient measurements (i.e. the 1 Hz data is drift-corrected by averaging and subtracting out each zeroing period). We then treated the 1 Hz data measured on the “ambient” inlet as contiguous. Results are shown as dashed lines in Fig. 4. For the Picarro G2307 (Fig. 4a), there is no change in precision using this method, as the baseline is relatively constant in this period. Both Aeris units benefited significantly from this correction, reaching 40 min precisions of 0.140 ppb and 0.154 ppb for the Ultra and Pico, respectively. The Pico’s modified precision is within 15 ppt of the 40 min precision of 0.14 ppb observed in Shutter et al. (2019). The corrected Aeris Allan-Werle curves trend similarly to the G2307’s, achieving lower precisions with longer integration times. These results indicate that the ambient sampling sequences used for each instrument are sufficient to account for the influence of any physical instrument-variables on the baseline. As the precision of the ambient measurements (which are calculated differentially) is impacted by both the precision of the ambient and zero baselines, the modified Allan-Werle curves do not account for the precision of the zero measurement. In our ambient dataset, we are limited to a 30 s integration time per the sampling sequence of the Aeris units. The 30 s Allan deviation while sampling through DNPH in our ambient dataset is 0.45 ppb for the Ultra. For the Pico, observations prior to Aug. 2023 have a precision of 0.41 ppb and 0.66 ppb otherwise. This is taken as the true precision of the ambient dataset. Longer zeroing times may achieve higher precision in the dashed lines of Fig. 4 if the baseline has sufficiently low drift through the sampling period.”








The impetus behind our ambient scheduling sequence has been expounded on in Sect. 2.2.2:

[bookmark: _Hlk152869765]Lines 266-269: “We sample ambient air for 180 s and scrubbed air for 30 s. This sequence was determined through visual inspection of Aeris time series with the intention of minimizing DNPH-sampling time while maintaining sufficient precision for ambient monitoring. We found 180 s to be the longest length of time between zeroes that either unit achieved where the remained consistently stable. Both units were then set to the same schedule.” 


The new cycle chosen by the authors looks problematic when I look at Fig 5 and see a multi-ppbv spread (6 ppbv HCHO for Ultra and nearly 20 ppbv for Pico) in the HCHO mixing ratio over several days when just sampling scrubbed air (that presumably has 0 ppbv HCHO). That spread is large enough to severely affect the accuracy of measured HCHO mixing ratios measured in the field.

To help address this concern, the authors need to explain how their new cycle timing was derived and show data to see how it performs against whatever is the default cycle timing used by Aeris.

2) Another zero should be performed and an Allen-Werle curve derived using the default cycle timing and plotted against their new cycle timing since this now falls within the scope of their paper.

Mentioned in comment (1), precision measurements using zero air were conducted for each monitor and have affected our results as discussed in Sect. 3 (the corresponding passage can be found above). To summarize, precisions for the three instruments have been reassessed in lieu of referee comments. Effectively, the ambient measurements for the Picarro G2307 are determined to be 0.09 ppb at a 5 min integration time. Precisions of the Aeris units’ ambient measurements are limited to a 30 s integration time per their sampling sequences. For the Ultra, this is determined to be 0.45 ppb. The Pico began experiencing technical problems in Aug. 2023 when the second intercomparison was conducted. The resulting precision is determined to be 0.41 ppb before Aug. 2023, and 0.66 ppb afterwards. These values are also found to be the Pico’s optimal precision. The G2307 does not have a minimum in its Allan-Werle curve within an hour of integrating and achieves a precision of 0.03 ppb at a 1 h integration time. Our Ultra’s optimal precision is found to be 0.15 ppb at a 15 min integration time. While this answer does not directly perform what the referee has asked for, we believe having conducted these tests provides more elucidating information.


Section 4.1: Instrument drift:

The authors state multiple times that they drift corrected the data (e.g., Line 295, Line 305), but never specify:

3) how this drift correction was derived

We thank the reviewer for the opportunity to clarify what is meant by “drift”. All instruments here require sampling through two lines: one sampling a HCHO-free air source (“baseline”) and one sampling ambient air. The final ambient HCHO concentration is the difference between baseline and ambient concentrations. We use the term “drift” to refer to the rate-of-change of the baseline. This definition is stated explicitly in Sect. 2.1.2.

[bookmark: _Hlk151029386]2.1.2 Determining instrument baseline
[bookmark: _Hlk151133872]The G2307 measurements reported here differ from prior studies primarily in that we employed an external zeroing system. The system is equipped to sample from either DNPH (Supelco LpDNPH S10L), DR (Drierite, 8 mesh, >98% CaSO4, <2% CoCl2), or DR+MS (Sigma Aldrich Molecular Sieve, 0.3 nm zeolite beads) to regularly monitor and correct the instrument’s baseline. Baseline is defined throughout this work as the signal reported by the instrument when sampling from a HCHO-free source and drift as the rate of change of the baseline. This setup was accomplished by connecting the G2307 inlet to a 3-way PFA solenoid valve which alternated between an ambient sampling line and a zeroing line. The zeroing line was then connected to another 3-way PFA solenoid valve to which the scrubbers were attached. The instrument sampled from DR or DR+MS for 5 min of every hour. Every fourth hour, the instrument sampled for 5 min through DNPH either directly before or after sampling from DR. The relative order of DR/DNPH sampling was found to have no impact on reported instrument baselines.


4) how generalizable is this drift correction (i.e., can it be applied to subsequent data collected by the instrument?). This should be rectified.

We believe this sampling sequence and resulting drift correction to be general to the HCHO monitoring instruments assessed in this work. Others with these instruments should be able to apply these sequences and see similar results, and all data collected in this work are subject to the respective drift-correction scheme of the instrument. In Sect. 3 of the revised manuscript (passage provided in comment (1)), we state what we determined to be the minimum rates at which each monitor needed to be zeroed.


5) Additionally, the authors don't explicitly mention whether or not they drift-corrected their multi-month HCHO dataset. Should that be drift-corrected too?

All data shown has been fully corrected according to the observed instrument zeros, with the data processing schemes for each instrument described in sections 2.1.4 and 2.2.4.

[bookmark: _Hlk151029413]2.1.4 Data processing
Averaged HCHO datasets at variable time resolutions (1 – 60 min) were created from the 1 Hz data using the following procedure: first, all 1 Hz data were corrected for humidity-effects by subtracting the [HCHO]offset from Eqn. 1. Observations made within 30 s of a valve change were removed and baseline measurements were then averaged to 4.5 min points and linearly interpolated to create an instrument background on the same time basis as ambient data. The interpolated baseline was subtracted from the 1 Hz ambient measurements. Baseline-corrected ambient data were averaged to the desired time resolution with any periods having <50 % data completeness discarded. Data was further screened to exclude points where scrubbers were exhausted and therefor unreliable.


[bookmark: _Hlk151029425][bookmark: _Hlk151133939]2.2.4 Data processing
We generated temporally averaged datasets with variable time resolutions (1–60 min) using a data handling scheme like that of the Picarro G2307 observations. Zeroes are averaged to single points and interpolated to a 1 Hz resolution, subtracted from the 1 Hz ambient data, and ≥50 % data completeness is required for any averaging interval. We discard the first 5 s of measurements after a valve switch.

6) At one point (Line 324), the fastest Pico drift rate was 1.67 ppbv HCHO h-1, which is not acceptable for ambient monitoring. However, that drift rate seems highly variable (i.e., time-dependent) since it doesn't seem to always be changing at that rate as shown by Fig 5. Plus, the sign of the drift (either positive or negative) changes with time too. Stating that an instrument is drifting is a very serious claim since, when sampling ambient air, folks won't know if the change in HCHO mixing ratio is due to some underlying instrument baseline drift or a real change in mixing ratio.

We refer to comment (1) which contains Sect. 3 of the revised manuscript. The Allan-Werle characterization of precision for the Pico shows that its optimal value is achieved at integration times from 30-40 s and were around 0.66 ppb for Aug. 2023, and 0.41 ppb prior to. The dashed line in Fig. 4c indicates that the chosen ambient sampling sequence sufficiently accounts for drift in the instrument at even its fastest rate. We believe the intercomparison and calibration results (sections 2.2.5 and 4.2.1, respectively, found at the top of the document) show that the Pico’s measurements are accurate. We note that its high drift is likely specific to our unit given its technical problems during its precision measurement and since its Allan-Werle curve does not match well with results from Shutter et al. (2019).



Fig 4 and surrounding text:
I don't trust how this figure was derived since the whole purpose of an Allen-Werle curve is to help identify the integration time at which instrument drift becomes an issue. By correcting out instrument drift beforehand, the resultant Allen-Werle curve of course looks better, but it tells the reader nothing about the instrument's precision and long-term variability. Also, when I look at the large multi-ppbv changes in variability in Fig 5 for both the Ultra and Pico, I don't see how that corresponds to <100 pptv 1-sigma precisions for 20 min integration times and higher as indicated by Fig 4.

7) To help address this concern, the authors should derive Allen-Werle curves using *unaltered and uncorrected* HCHO mixing ratio data as reported directly from the instruments. Reporting this gives a better indication of instrument precision and provides better comparison back to what was reported in prior work. Based on my previous comment, I'm still left wondering whether this drift correction is generalizable since can it be consistently applied to ambient data when 0 ppbv HCHO air isn't being flowed into the instruments?

Per the referee’s suggestion, we have followed through with determining unmodified Allan-Werle curves for each monitor. This is described in Sect. 3 (referenced in comment (1)).

Regarding how generalizable drift is: as the reviewer has noted, the reported baseline of the Aeris Pico can drift quickly. However, the baseline is sampled every 3 min, and can be accounted for through subtraction, with all ambient data corrected at a 3 min interval. The differential measurement (ambient minus scrubbed air), which is a measure of ambient HCHO, does not display any drift. No drift correction beyond the standard instrument baseline subtraction is applied to the long-term dataset and there is no generalizable rate of change in the baseline. Our analysis quantifies how fast this baseline can change in the field to provide a sense of how frequently baseline sampling is needed.

The importance of frequent baseline monitoring for drift correction cannot be overstated and is highlighted in the user manuals for the instruments shown in this work. As long as this drift is frequently monitored and corrected for, then the observed rates do not pose any issue for ambient sampling and data interpretation. We have attempted clarify and emphasize these points in all relevant sections.


8) If the magnitude of these new 1-sigma precisions is on the order of a few 100 pptv HCHO, how would this impact your analysis comparing HCHO removal from DR, DR+MS, HO, and DNPH? Were the differences in baselines large enough to not be encompassed by the instrument's LOD?

After applying a humidity-correction to the Picarro G2307 data, the resulting difference in baselines between DNPH and DR/DR+MS reduces to <0.03 ppb, which is encompassed both in the G2307’s 3σ LOD and its precision for a 5 min integration time, indicating DR/DR+MS to be an effective HCHO-removal mechanism. This is discussed in Sect. 2.1.5.

Lines 186-208:
[bookmark: _Hlk151027020]2.1.5 Impact of scrubber choice – DNPH, DR, and DR+MS
[bookmark: _Hlk151027312]Before comparing scrubbers, we first examine the HCHO-removal efficiency of DNPH compared to a ZA generator. We find instrument baselines were on average 14 ppt larger than those measured using a ZA generator. This difference was consistent whether sampling the indoor conditions or ambient air. This difference is not statistically significant given the instrument precision and accuracy determined later in Sect. 3. We note DNPH initially off-gases material that produces spectral interferences that subside after a “burn-in” period of ~2 hrs. It’s possible that off-gassing material could have negative effects on instrument performance if used long-term (e.g., mirror degradation). These impacts were not seen in our study and would require further investigation.
The impact of DR and DR+MS on the Picarro G2307’s baseline was then assessed using ambient measurements taken from the consecutive sampling of DNPH and DR/DR+MS in the ambient sequencer schedule. We combine the DR and DR+MS measurements as we find the two methods produce baselines with a relative difference that is within instrument measurement uncertainty. The 4.5-min averaged baselines are shown in Fig. 2. Both scrubbing methods produced normally distributed baseline measurements with means and standard deviations of -0.39 ± 0.14 ppb (DNPH) and -0.38 ± 0.15 ppb (DR/DR+MS), and an average absolute difference of <0.03 ppb HCHO. This difference is finer than the 5 min precision of the instrument and demonstrates a comparable performance between the two scrubbings methods.


[image: ]
Figure 2 – Picarro G2307 baselines determined using the DR, DR+MS, or DNPH scrubbing methods. Each data point represents a consecutive, 4.5-min averaged DNPH and DR baseline measurement.

For hopcalite, the value is encompassed by the Pico’s 3σ LOD for a 30 s integration time, but not its precision. The Pico should have the ability to effectively resolve this difference in baselines and that is borne out when averaging over a large number of measurements. Sect. 2.2.3 now contains this information:
[bookmark: _Hlk151029710]2.2.3 Impact of scrubber choice – heated HO and DNPH for Aeris MIRA
Stated previously, the Aeris ART fitting algorithm requires the presence of H2O as a spectral reference for finding the HCHO absorption peak. We therefore do not consider desiccating scrubbers as an option. Throughout deployment, the Aeris instruments reported an ambient range of 0.18-3.3 % H2O while sampling through DNPH with only a few days in winter falling below the 0.2 % H2O threshold. The heated HO airstream produced humidities in a similar range to DNPH.

[bookmark: _Hlk151030210][bookmark: _Hlk151475428]Ambient measurements of HCHO-scrubbed air from the Pico were used to assess the HCHO-removal efficiency of heated HO as compared to DNPH. The zeroing inlet on the Pico was teed to a DNPH-coated cartridge and a stainless-steel column (length of 8 in, radius of 0.75 in) containing 215 cm3 of HO. The HO column was wrapped in high temperature heat tape, insulated in a fiberglass sleeve, and heated to 180 °C. Pei et al. (2015) found HO at this temperature achieved nearly 100 % HCHO removal and preserved the scrubber bed from H2O poisoning. A condensation trap and second PF were placed downstream of the HO column to protect the instrument against potential liquid H2O and particulate matter. Two mass flow controllers were placed upstream of the scrubbers and used as valves. The Pico sampled from its zeroing inlet while the incoming flow alternated between scrubbers in 40 s intervals. The first 10 s of data after every switch was removed to preclude any effects from valve-switching. This removal period was determined experimentally.

[bookmark: _Hlk151475261]DNPH-scrubbed baselines exhibited a normal distribution centered around a mean and standard deviation of -13.63 ± 0.54 ppb. HO-scrubbed baselines exhibited a normal distribution with a larger mean of -12.92 ± 0.34 ppb resulting in an absolute difference of 0.71 ppb, which falls outside of the instrument’s precision (discussed in Sect. 3) and indicates less efficient HCHO removal. Since ambient humidity perennially remained sufficiently high in the Atlanta area, we recommend the use of DNPH for zeroing the Aeris instruments.



Section 2: Aeris MIRA

Line 201:
"…significant deviation in sensitivity had occurred since its [Pico] last factory calibration": As denoted by the title, this is in part an instrument evaluation/comparison paper, so it's concerning when there's comparison of instrument accuracies against each other (Fig 7 and elsewhere), but there's also probable cause that the factory calibration for one of the instruments (i.e., Pico) was no longer even valid.

9) When reading about the high 30-40% bias in the Pico, readers will be confused (and misled) as to whether this is a real instrument bias, or if it is simply because the authors are using an instrument with an expired factory calibration. In other words, how generalizable is this bias since someone just reading the abstract (Line 19) or conclusion (Lines 566-577) may not realize there are very significant caveats to this quantitative statement?

10) To help address this concern, the authors could verify that the Aeris Pico has the correct calibration/sensitivity (just like they did for the G2307 before doing subsequent comparisons) and then compare against the other instruments. Alternatively, the Aeris Ultra factory calibration seemed valid (Line 210-211), so maybe just do the instrument comparison between the Ultra and G2307 (would need to fix Fig 7 appropriately and correct corresponding text throughout paper).

We thank the referee for bringing up these points in comments (9) and (10). A second round of standard additions and a second intercomparison were conducted in Aug. – Sep. 2023. After applying standard addition calibrations to the Aeris units, all instruments agreed within 13%. We have adjusted the text in the manuscript to explicitly state this and believe the accuracy and sensitivity of each monitor has been verified. These results are detailed in sections 2.1.6, 2.2.5, and 4.2.1 (found at the top of this document).




Minor Revisions, comments, and technical corrections:
 
- Lines 14-15: "Baseline drifts over a 1-week period of ambient sampling of 1 ppb, 4 ppb, and 20 ppb": You're technically reporting the spread of values as opposed to a time-dependent trend, so please state that.

We thank the reviewer for pointing this discrepancy out. This line has been removed in the updated manuscript.


- Lines 156: "measured concentrations were consistently 7% lower than expected": This also falls within the uncertainty reported for the Airgas HCHO gas cylinder standard (10%), so isn't it possible that the lower readings were simply due to the gas cylinder standard having lower HCHO than reported (which is definitely a possibility for HCHO gas cylinder standards)? Also, how long was HCHO allowed to flow through the MFC before calibrations were done? Generally speaking, several hours are necessary to passivate the MFC surfaces, and having a low flow is helpful to not waste calibration gas.

We believe these points are now passively addressed in sections 2.1.6 and 2.2.5, found at the top of this document. HCHO was allowed to flow for several hours prior to any standard dilution or standard addition calibrations. Only after the instrument signal had plateaued would calibration commence. 

Five standard dilution calibrations were conducted for the Picarro G2307 from 2021-2023. Each Aeris instrument received two standard additions and one dynamic dilution calibration between 2022-2023. Throughout these periods, three different HCHO standards were used. Calibration slopes for the Picarro G2307 and Aeris Pico were in the range of 0.92-1.02. In lieu of both the referee’s comment and the calibration results, we’ve removed the line in question.


- Line 150 - 160: Another concern when calibrating at such high mixing ratios (i.e., >1000 ppbv HCHO) to derive sensitivities is assuming linearity over three orders of magnitude (from 1 to 1000 ppbv HCHO). The authors state linearity is observed between 1-10 ppbv (Line 155), but if using a sensitivity derived at ~1000 ppbv HCHO, was it checked that linearity is observed between 10 and 1000 ppbv HCHO?

We have now performed a dynamic dilution calibration for the Picarro G2307 to verify its linearity in both an ambient and a ppm HCHO range. This is described in Sect. 2.1.6, found at the top of this document.


- Line 277: "two mass flow controllers": Are the MFCs were being used as valves in this setup (either fully open or fully closed) to go between the DNPH and HO lines?

The MFCs were being used as valves and this has now been explicitly stated in Sect. 2.2.3.

Lines 287-288: “Two mass flow controllers were placed upstream of the scrubbers and used as valves.”

- Line 291: "instrument baselines measured while sampling through a DNPH-coated cartridge": At this point in the text, the authors should explicitly say they are scrubbing HCHO from ambient air to derive their Allen-Werle curves.

We believe this point is addressed in comment (1).

 
- Fig 5: Not sure what is going on during the evening of September 6 between all three instruments, but if some part of the sampling apparatus was changed at that time, then this data should be removed since the setup was altered.

Errant data from 6 Sep. 2022 has been removed for the three HCHO monitors. This is reflected in what is now Fig. 5 of the revised manuscript, located in Sect. 3.


[image: ]
Figure 5 – Instrument baseline time series for all three HCHO monitors plotted differentially to the first point in the time series. The Ultra and G2307, equipped with better thermal stabilization, show significantly less drift than the Pico.


- Line 345: "differential concentrations in the range of -2.0 to -1.0 ppb HCHO for ambient air": Why are the magnitudes of ambient HCHO in air lower than when sampling scrubbed HCHO air? What are you trying to convey here?

Initially, before the humidity correction was applied to the G2307’s ambient observations, the baseline measured when sampling through DR was unimpacted by humidity, but ambient measurements were not. This means that ambient sampling was biased low and the unimpacted baseline was large enough to turn the differential (ambient) HCHO concentrations negative. With the humidity corrections, this is no longer an issue and has been deleted from the revised manuscript.


- Fig 7: The Aeris Ultra and Picarro G2307 should just be directly compared if the Pico's calibration isn't trustworthy.

We believe this comment is addressed in comment (10).

- Fig 9: It was hard for me to see when and where the Pico was sampling. Also, please make this a vector graphic since it becomes blurry and hard to read when rasterized.

Fig. 10 (previously Fig. 9) has been converted to an SVG format with an updated color scheme and increased marker sizes to hopefully improve clarity. We thank the reviewer for the suggested improvement.

[image: ]Figure 10 – 1 h averaged HCHO time series from Picarro G2307, Aeris Ultra, and Aeris Pico from Aug. 2022 through Jan 2023. Observations at GT show less defined diurnal amplitudes than the SDK site and are on average higher regardless of time of year. Aeris Pico data is sparse past 18 Oct. 2022 as it was periodically dedicated to other experiments.




- Line 538-539: Two more reasons that should be mentioned include (1) these are online measurements and (2) don't require special handling/storage of samples or use of hazardous chemicals.

We have incorporated the reviewer’s feedback, now reflected in the updated manuscript.

Lines 603-605: “These continuous monitors offer an advantage given that their measurements are online, have sufficient precision at finer time resolutions, and don’t require special handling or storage of samples or hazardous chemical.”


- Line 563: Authors are making an incorrect comparison between 3-sigma (i.e., LOD) and 1-sigma values.
	
We thank the reviewer for catching this discrepancy and have updated the revised manuscript to correct this. Changes can now be found in Sect. 6.
	
Lines 622-624: “The G2307, Ultra, and Pico achieved modified precisions of 0.05 ppb, 0.20 ppb, and 0.22 ppb for a 20 min integration time, respectively.”

- Lines 16-18: The authors appear to be incorrectly reporting the 3-sigma LOD since the numbers cited are for 1-sigma based on what is presented in Fig 4.

We again thank the reviewer for catching this discrepancy and have updated the revised manuscript to reflect this. Changes can be found in the above comment.

Lines 16-17 “We show that a modified precision estimate accounting for regular instrument zeroing results in values of 0.09 ppb, 0.20 ppb, and 0.22 ppb at a 20 min integration time for the G2307, Ultra, and Pico, respectively.”


- Line 135: Do you mean Fig 3a (not Fig 2a)? This happens elsewhere in the manuscript too when I think you mean to reference Fig 3.

This figure has been changed to Fig. 7 and references have been updated throughout the manuscript.


- Line 278: "the sample flow alternated between scrubbers in 40 s intervals": That's not what Fig 3c depicts.

This figure has been changed to Fig. 7 and no longer includes the (c) component from its initial version.  The text has been changed to hopefully better convey how the experimental setup operated. This change can be found in Sect. 2.2.3.

[bookmark: _Hlk151029951]Lines 281-290: “Ambient measurements of HCHO-scrubbed air from the Pico were used to assess the HCHO-removal efficiency of heated HO as compared to DNPH. The zeroing inlet on the Pico was teed to a DNPH-coated cartridge and a stainless-steel column (length of 8 in, radius of 0.75 in) containing 215 cm3 of HO. The HO column was wrapped in high temperature heat tape, insulated in a fiberglass sleeve, and heated to 180 °C. Pei et al. (2015) found HO at this temperature achieved nearly 100 % HCHO removal and preserved the scrubber bed from H2O poisoning. A condensation trap and second PF were placed downstream of the HO column to protect the instrument against potential liquid H2O and particulate matter. Two mass flow controllers were placed upstream of the scrubbers and used as valves. The Pico sampled from its zeroing inlet while the incoming flow alternated between scrubbers in 40 s intervals. The first 10 s of data after every switch was removed to preclude any effects from valve-switching. This removal period was determined experimentally.”
- Line 417: Replace “This technique” with “This linear regression”

	This line has been entirely altered in the revised manuscript.

Lines 155-157: “Data were averaged to 5 minutes and each regime fitted using a York regression (York et al., 2004) with standard deviations of the measurements used as uncertainty.”


- Line 536: Replace "long-term" with "multi-month" 
	
We’ve opted to use “year-long” in lieu of the additional data included for the standard dilution and addition calibrations, as well as the new intercomparison effort.

Lines 601-603: “We used year-long ambient datasets from three commercially new in-situ HCHO monitors to quantify instrument performance and to compare observations with measurements produced from co-located monitors employing the EPA TO-11A methodology.”


- Fig 3 caption: Be more explicit by defining abbreviations in caption and defining 1 (sample line) and 0 (zero line).

This figure has been changed to Fig. 7 and the text has been changed to hopefully better convey how the experimental setups operated in Sect. 4.1.1.:

Lines 463-466: “Figure 7 – Configurations of instruments during their respective intercomparisons. (a) shows the teed setup used from 28 July – 13 Sep 2022 for the Aeris Pico and Picarro G2307. When not co-located, the G2307 has the same configuration without being teed to the Pico. (b) shows the setup used for the Aeris instruments while deployed at GT from 25 – 28 July and 4 – 17 Oct 2022. For each panel, “0” references HCHO-scrubbed air, “1” is ambient air, and “PF” is a particle filter.”
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