Response to Reviewer #2 AMT-2022-278

The authors would first of all like to thank the reviewer for the insightful comments on the work
we have submitted for publication, and the editor for the opportunity to improve the manuscript.
Under each reviewer comment (in red) there is a summary of the response (black text), in addition
to the text from the manuscript (in blue) that was modified, if applicable.

(1) Section 2.6: I have a fundamental issue with the methodology applied here. In particular, the assumption
that biomass burning particles have a fixed absorption Angstrom exponent. This is known to be false. The
AAE for biomass burning varies tremendously dependent on the fuel source and burn conditions. Any
apportionment that assumes a fixed value for the AAE for biomass burning is, in my view, inherently
flawed. | realize that the authors here are not developing this method and are taking these values and the
approach from the literature. Nonetheless, in my view the method is poorly equipped for true source
apportionment since one of the end members is unknown/non-constant. Related, it is not clear why the
authors would state on L199 that the AAE for BC is 1 but then in their apportionment use a value of 0.9. It
is established that BC has an AAE that is close to 1 but that is not necessarily exactly 1 depending on the
particle size or coating state. It would be nice to see a recognition of these issues in the discussion of the
apportionment method.

Author’s Response (MC): We appreciate reviewer’s comment on methodology discussed in section 2.6.
The fact that ‘AAE (o) for biomass burning cannot be fixed’, is absolutely correct and many studies have
recognized that fixing o values in any apportionment method will lead to uncertainty in estimates. As is,
source apportionment using two-component Aethalometer model is widely accepted and used by regulatory
bodies and scientific studies as a standard approach. Thus, we focus on presenting the MA300’s
performance for a standard method, and include more detailed sensitivity analysis around o assumptions
and expanded discussion of caveats in the methodology (Section 2.6, L228-250). Given the wide usage of
this method, we hope this expanded discussion will be useful for the MA300 user community.

One of the major use cases of multi-wavelength aethalometers is to perform source apportionment (SA) of
eBC mass concentration. Source characterization of eBC is usually achieved by the widely used
“Aethalometer model” developed by Sandradewi et al. (2008b). For the AE33, this SA model is built into
the device software for estimation of the real-time contribution of biomass burning (BB%) to total eBC
mass. The majority of aethalometer-based SA studies have used this method to characterize sources of eBC
originating from fossil fuel or transportation sources (referred to as eBCff) and biomass burning or wood
burning sources (referred to as eBCp,) (Sandradewi et al.,, 2008b; Healy et al., 2017; Rajesh and
Ramachandran, 2017; Zotter et al., 2017; Grange et al., 2020; Deng et al., 2020; Bernardoni et al., 2021).
This model is based on the principle that eBC emitted from biomass burning (wood burning, wildfire)
sources will tend to show enhanced absorption in the near-UV region of the light spectrum compared to
fossil fuel (transportation, liquid fuel) sources. The components of eBC derived from the Aethalometer
model strongly rely on a fixed pair of Absorption Angstrom exponent inputs (as and ans). However, in
reality, fixing o and an, does not capture the real-world variability in o from different fuel and burn
conditions, leading to inaccurate estimates (Healy etal., 2017). Ambient aerosol is often mixed with volatile
organic compounds, undergoes aging processes, and forms BrC components. As a result, bulk aerosol light
absorption from highly mixed environments often contributes to lower wavelength light absorption (Saleh
etal., 2015; Healy et al., 2015). Ideally, values of as and o, Should be derived from radiocarbon-based 14C
analysis of the aerosol samples (Zotter et al., 2017; Sandradewi et al., 2008a). Due to the limitations of
onsite ag and apy Measurement, we use the values from Zotter et al. (2017) for two wavelength pairs (UV-
IR and Blue-IR), which were verified using multiple instrument comparison and radiocarbon-based
analysis. The constrained values of aff and abb used in this study are as follows:



1. UV-IR with a pairs as 0.9 (of) and 2.09 (own)
2. Blue-IR with a pairs as 0.9 (of) and 1.75 (o)

To understand the impact of input parameters on the Aethalometer model, a sensitivity analysis on the
choice of a has been performed for different combinations of baps inputs as experienced by AE33 during the
Regular and Wildfire periods and discussed in Section 3.5.1.

Edited L199 for clarity. — we referred to the “theoretical” value of o for pure BC as 1 and have updated
the text accordingly. (L220)

In theory, a pure BC aerosol particle is a strong absorber over the whole spectrum (near-UV to near-IR);
hence it would show a weak spectral dependence (aBC = 1).

(2) L221: In my view, it is not correct to refer to “eBC_bb” and “eBC_ff” from the source apportionment.
The method is not separating different BC sources, but is separating absorption and specifically separating
BC (the absorption properties of which are largely independent of the source) and the contribution of brown
carbon (BrC). As such one cannot apportion “eBC_bb.” One can apportion “eBC” and “eBrC” if some
assumed value for the MAC for BrC is determined. Or one can apportion the absorption. But one cannot
apportion the absorption into BC from fossil fuel and biomass burning. As currently presented | do not
think that this is accurate or correct.

Author’s Response (MC): We thank the reviewer for highlighting this point. We have clarified this
distinction in the manuscript, and emphasized that the labels eBCy, and eBCs should more correctly be
interpreted as eBC and eBrC. The outcome of the present source apportionment method (Sandradewi et al.,
2008) assumes that these are characteristic of fossil fuel combustion and biomass burning, although they
could be inferred as empirical sources. However, we have chosen to keep the labels eBCy, and eBCx to
facilitate comparison with past applications of this source apportionment model. In the updated manuscript
(Section 2.6, L250-L.255) we have acknowledged that this method first separates the light absorption
contribution and then estimates the eBCy, and eBCrr.

Equations for the source apportionment (SA) can be found in Supplementary Information (Section D). It is
important to note that the Aethalometer model operates on near-UV and near-IR babs values using
equations S3-S7 and at first, it separates the contribution of light absorption to biomass burning source
(babs,bb) and fossil fuel source (babs,ff). Next, eBC components (eBCbhb and eBCff) were derived using
Equations S8 and S9 and by dividing the babs components with instrument specific MAC(880 nm) values
(Table S1). The rationale of using similar MAC values for determining both the eBC components has been
discussed by Zotter et al. (2017).

(3) Fig. 2 vs. Fig. 1: The slopes in these two plots should be, largely, directly related. The main reasons that
the slopes would change is because of (i) noise differences between wavelengths and (ii) the difference in
the assumed MAC values. In particular, the slopes in Fig. 2 should be pretty similar to the slopes in Fig. 1
multiplied by the ratio of the MAC values between the MA300 units and the AE33 units. The authors might
specifically acknowledge this relationship. They might consider normalizing the slopes to the value in the
UV or IR, as the focus here seems to be on the wavelength-dependence of the slopes and not the absolute
values (since, again, the absolute values just come directly from Fig. 1). Related, I personally did not find
the discussion in Section 3.2.2 particularly valuable, as it is really just reiterating the results already shown
for the eBC concentrations, but here in absorption space. | suggest removing this section or refocusing it
on the AAE. Or at least merging it with section 3.2.3, as | see these as largely redundant discussions.



Author’s Response (MC): We thank the reviewer for bringing up this discussion. In Fig 1., our goal was
to present MA300’s capability in resolving eBC concentration (which is based on the IR channel’s response
only) for the combined Regular and Wildfire days. This comparison could be suitable for users who might
be utilizing only eBC concentrations from the MA300. In Fig 2., we focus on exploring MA300’s additional
capabilities, i.e. multi-wavelength bas, which could be helpful for advanced users who are interested in
aerosol science. bas measurements in different wavelengths can vary based on the sample aerosol
composition and are often valuable for characterizing/estimating aerosol’s source. The reviewer rightly
pointed out the relationship between the ratio of MAC and bas slope, which we have included in the
discussion of the slopes in the updated manuscript in L421-1.423. As suggested, we also normalized the
bas Values by rescaling (using each device’s min-max range for normalization), converting multi-
wavelength baps values onto a standard scale to compare the relative performance for individual periods and
updated our results accordingly. The reviewer’s suggestion for merging Section 3.2.2 and Section 3.2.3 was
valuable, particularly after adopting data normalization. In the updated Section 3.2.2 we present the
following.

1. Absolute measurements from MA300’s baps

2. Assessment of MA300’s unit-to-unit variability using normalized bas values
Additionally, Section 3.3. has been added to discuss the results from o . The updated Section 3.2.2 has
been reframed as follows.

3.3.2 Comparison of MA300’s multi-wavelength baps with AE33

To assess the performance of the MA300 ba,s measurements across all five wavelengths, we used unit-
specific normalized measurements of each wavelength’s baps for individual periods and compared them to
the normalized wavelength-specific ba,s measurements from the AE33. As shown in Table 1, the absolute
bans measurement range can significantly vary based on the measurement period or wavelength; a direct
comparison of absolute values may not provide insights into measurement differences between
wavelengths. We find that the MA300-reported absolute measurements overestimated baps,ir by 20% and
18% during the Regular and Wildfire periods, respectively, when compared against AE33. However, the
overestimation percentage decreased to 10% for the UV channel (basuv) during the Regular period and
interestingly switched to a 9% underestimation during the Wildfire period. Unpaired t-test results revealed
most of these findings to be statistically significant (p < 0.05) except for bansuv during the Wildfire period
(p = 0.075). The underestimation of basuv during the Wildfire period appears to be borderline statistically
significant with a p-value of 0.075, indicating that there is some evidence to suggest that the underestimation
is real; however, the result does not reach the usual threshold for statistical significance. The
underestimation of bas,uv during the Wildfire period can lead to erroneous source characterization results
as UV and IR light absorption estimates are the primary inputs for the aethalometer source apportionment
algorithm (Sandradewi et al., 2008b). When compared to the AE33, MA300 ba,s measurement errors were
found to be higher during the Wildfire period across all the units (Table S3(b)). The mean absolute error
for the bassuv ranged between 35.7-40.0 Mm™! during the Wildfire period, which was three times the range
observed during the Regular period. Normalized errors (NRMSE) were found as 14.4 — 18.4 % and 7.9-
8.4 % during the Wildfire and Regular periods, respectively. The lowest absolute errors were found in the
Dans ik Measurements (3.4-5.4 Mm™! during the Regular and 7.0-13.2 Mm™! during the Wildfire period).
As shown in Figure 2, the linear fit of individual MA300 units vs AE33’s hourly averaged normalized
multi-wavelength bass revealed significant variability within MA300 units. It is important to note that, in
Figure 1, we present the linear performance of MA300 units (with respect to AE33) in measuring eBC for
the whole campaign, which corresponds to the IR channel measurement only. Equation 5 shows that the
linear relationship of MA300’s bapsir and AE33’s bassir Will be directly related to eBC measurements
multiplied by the ratio of MACr values between MA300 and AE33. During the Regular period, the slope
ranged between 0.80 and 0.99, while during the Wildfire period, it ranged between 0.71 and 1.16 (Figure
2). Previously, Cuesta-Mosquera et al. (2021) tested 23 units of AE33 in both laboratory and ambient
settings, assessing the instrument's performance before and after maintenance. They found that, after



maintenance, AE33 tends to slightly underestimate (slopes slightly reduced from 1) for ambient aerosol
measurements at wavelengths 590, 660, and 880 nm, but any wavelength dependency of the unit-to-unit
variability of AE33 was not reflected. Here, to assess the unit-to-unit variability of MA300s across the five
channels, we used the coefficient of variation (CV) of the normalized slopes from the three units (Figure
2). The highest amount of unit-to-unit variability was in basuv (CV = 8 %). Underestimation of bapsuv
combined with the observed largest variability in normalized measurements will impact the SA results,
particularly during the Wildfire period. However, the variability in the Blue channel was found to be low
(CV = 4%) and slope values were much closer to 1 during the Wildfire period, which makes it a potential
near-UV wavelength of choice for the SA studies using the MA300.
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Figure 2 Slope of regression fit from the linear fit of normalized multi-wavelength bans values of MA300s vs AE33 during the
Regular and Wildfire period. The dashed horizontal line is a slope of 1. The error bars show the 95% confidence interval of the
linear fit.

(4) L358: The authors state that “in Section 3.3, we identify that the UV channel absorption measurements,
babs,UV , are subject to higher error than measurements at higher wavelengths.” This is not robustly true.
In particular, it is evident in Fig. 2b that the slope relative to the reference instrument is closer to unity for
the UV channel compared to other wavelengths. So I do not understand what the authors mean here when
they say that the UV has higher error. Higher error relative to what? What is the metric? Also, in Fig. 4 the
UV channel has a slope closer to unity than the IR channel and has a higher R2 value.

Author’s Response (MC): Based on the restructured manuscript, particularly in Section 3.2.2, we discuss
the claim we made regarding the UV channel in detail. We agree that our earlier claims were not totally
clear from our discussions. In the revised manuscript, we present absolute and normalized errors for all five
measurement wavelengths (L416-L419).

The mean absolute error for the bassuv ranged between 35.7-40.0 Mm™! during the Wildfire period, which
was three times the range observed during the Regular period. Normalized errors (NRMSE) were found as
14.4 - 18.4 % and 7.9- 8.4 % during the Wildfire and Regular periods, respectively. The lowest absolute



errors were found in the baps ik measurements (3.4-5.4 Mm™! during the Regular and 7.0-13.2 Mm™! during
the Wildfire period).

Absolute errors were quantified using Mean Absolute Error (MAE in Mm™), and Normalized errors
(NRMSE in %) were recalculated following min-max criteria and have been explained in detail in the
supplementary information (Section E).

Section E from Supplementary Information
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Additionally, the slope of the linear model of normalized baps values (MA300 vs AE33) provided a basis to
compare the relative performance across devices for each wavelength and measurement period. Our new
results reflect the higher absolute errors in bass uv, irrespective of MA300 unit or period. During the Wildfire
period, we find that normalized basuv had the lowest slope (average slope = 0.78), indicating
underestimation by approximately 20%, and the highest amount of unit-to-unit variability (CV = 8%). Our
latest results confirm that the UV channel absorption coefficient measured by MA300 performed the
poorest compared to other channels (Figure 2, see page 4 of this document).

(5) L384: The authors need to demonstrate that these statements and conclusions regarding biomass burning
contributions during the Reg period are robust to a rigorous assessment of measurement uncertainties and
to uncertainties inherent in the assumptions made during the apportionment. What if the BC AAE were 1.2
rather than 1.0, for example? This is within the realm of reasonableness. How would the conclusions here
change? This points to a bigger need for a more rigorous assessment of uncertainties in the context of the
apportionment that goes beyond noise characterization which dominates the manuscript.

Author’s Response (MC): We thank the reviewer for highlighting the point on the robustness of the
Aethalometer model. Based on the updated analysis on derived AAE (o) (Section 3.3), we identified that
o values can vary significantly during the Wildfire period. The multimodal distribution of o during the
wildfire period (Figure S9) confirmed the impact of biomass burning on the light absorption measurements.
The uncertainty arising from using a fixed pair of o values (o and as) has been previously discussed in
several studies (Healy et al., 2019; Zotter et al., 2017) and we have included these references where we
discuss the method (Section 2.6) of source apportionment. However, to identify the variation of source



apportionment results on the choice of a pairs, we performed a sensitivity analysis by varying the values
of as and app for four test combinations baps values: AE33 reported average bass values from UV-IR and
Blue-IR pair for the Wildfire and Regular periods. The results of the source apportionment were discussed
in Section 3.5.1, and the outcome of the sensitivity analysis has been included in supplementary information
(Figure S10 and S11). We chose to explain the impact of source apportionment result by considering
average bays as reported by AE33 (from Table 1) for both the periods. We find that apportioned results were
also impacted by the input bass values. For low input of baps values (Dasuv = 29 Mm™ and bassir = 10 Mm?),
we find the apportioned baspn Values to be mostly negative and not sensitive to the changes in aup. On the
other hand, basf gets overestimated beyond the input values. Source apportionment done on a clean
environment can have unrealistic estimates of bans b and bass s . Hence, we claim that source apportionment
should not be conducted below the MDL of the measurement device. The updated text as follows.

It is important to note that derived absolute eBCs and eBCy, components are dependent on the absolute baps
inputs in the Aethalometer model and inherently, bapsuv Mmeasurements are higher than baps sie. The effect
of different input levels of bays and a pair on the Aethalometer model was explored through a sensitivity
analysis and has been presented in Figures S10 and S11. For test purposes, we used AE33's mean Daps
concentrations for UV, Blue and IR channels from the Regular and Wildfire period with o, range 1.6 -- 3.0
and asg range 0.8 -- 1.5. Sensitivity analysis results show that apportioned Dansp» and bass s can often get
negative values or even higher than the input bas values, which is an established flaw of Aethalometer
model Grange et al. (2020). For a clean environment, lower baps input can cause large errors in the estimates
of banspb and bass st . Hence, we claim that source apportionment should not be conducted below the MDL
of the black carbon concentration, which has been found as 0.21 pug m for MA300.

Figure S10 and S11 included in the supplementary section.
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Figure S 10: Sensitivity analysis on UV-IR wavelength pair done with o range of 0.8-1.5 and omn range of 1.6-3.0. Panel A and
B represents the bansob and babsst components derived from the AE33’s average bavs values for the regular period. Panel C and D

represents the same but for the AE33’s average babs values for the wildfire period. Black dot represent the « pair considered in the
source apportionment method.
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Figure S11: Sensitivity analysis on Blue-IR wavelength pair done with s range of 0.8-1.5 and anp range of 1.6-3.0. Panel A and
B represents the babsps and bavsst components derived from the AE33’s average babs Values for the regular period. Panel C and D
represents the same but for the AE33’s average bavs values for the wildfire period. Black dot represent the « pair considered in the
source apportionment method.

(6) Section 3.4.2: | strongly encourage the authors to reframe this entire discussion to focus on the AAE
values and how they compare between the instruments. Everything in the apportionment comes back to the
AAE. The apportionment is just a mathematical transformation that then brings in the assumptions
regarding AAE values for different particle types. A focus on the inherent measurement, the AAE, rather
than subsequently derived properties would, in my view, greatly strengthen the manuscript. To me, | see
the apportionment discussion a distraction from the core assessment of instrumental performance.

Author’s Response (MC): We appreciate the reviewer’s comment on restructuring the manuscript's
narrative. We have included a detailed analysis of AAE (o) values derived from MA300 units and AE33
and included in updated Section 3.3. First, we present a distribution of hourly averaged a values from all
four devices separately for two periods in Figure S9. Then we present the relationship of o values with
respect to diurnal variations, as sources of BC could change with respect to time of the day. We also found
large variability in MA300’s a values. The discussed topic on o and it’s variability has been further used
in explaining the Source Apportionment results in Section 3.5.1. The updated text and figures are as follows.



3.3 Absorption Angstréom Exponent (a)

The strength of spectral light absorption of aerosols is considered one of the most important parameters in
understanding an aerosol’s impact on earth’s radiation balance and can be derived from aethalometer
measurements (Zotter et al., 2017; Bernardoni et al., 2021). In addition, o values are used for determining
fossil fuel and biomass burning source contributions in eBC from the Aethalometer Source Apportionment
Model (Sandradewi et al., 2008a; Healy et al., 2019). In this section, the exponent of a power-law fit
(Equation 6), Absorption Angstrém Exponent (a), was derived for two wavelength pairs - UV (A = 375nm)
& IR (A = 880nm) and Blue (A = 470nm) & IR (A = 880nm) using the hourly averaged babs values. In the
literature, a has been calculated by several combinations of wavelengths. Grange et al. (2020), reported o
by curve fitting all absorption wavelengths, as shown in Figure S3 (for AE33) and in Figure S4 (MA300
units). However, most studies (Garg et al., 2016; Zotter et al., 2017; Healy et al., 2019; Rajesh et al., 2021)
have focused on reporting o by choosing two extreme wavelength pairs on the measurement spectrum, as
we choose here. The distribution of o values (based on a UV-IR pairing) from the three MA300 units and
the AE33 for the Wildfire and Regular period are shown in in Figure S9. During the Regular period, we
observed a unimodal distribution with a o peak close to 1.13 (from AE33). This suggests that Regular
periods were mostly experiencing a strong single source of aerosol from the nearby traffic emissions. For
MA300 measurements, we find the distribution to be wider than AE33. During the Wildfire period, the
distributions broadened and were multi-modal. The peak of AE33’s a distribution was found to be 1.69,
which is very close to that previously recommended as an optimal oy, Value by Zotter et al. (2017) for SA
calculations. In Figure 3, we show each device’s hourly mapped a values estimated by UV-IR and Blue-IR
pairs. Daytime a values for both wavelength pairs during the Regular period were found to be lowest and
closer to unity, representing aerosol sources from traffic sources (Healy et al. (2019); Bernardoni et al.
(2021)). In contrast, nighttime o values were found to be highest during the regular period, which could be
attributed to local wood-burning sources (Healy et al., 2019). During the Wildfire affected days, the
scenario becomes the opposite; the highest a values were during daytime and the lowest during nighttime.
We speculate that, in our measurement site, aerosol light interaction can change significantly by time-of-
day as dominant sources and additional oxidation processes fluctuate. The error bars in the oo measurement
(Figure 3) were consistently higher in MA300-based measurement as compared to the AE33, which we
believe to be contributed by the errors from baps measurements. Additionally, we find the Blue-IR based o
values were consistently lower during the Wildfire period. Slope of fit line (in Figure 3) were 1.05, 1.1,
1.03 and 1.13 for MA300A, MA300B, MA300C, and AE33 respectively, indicating lowering of a values.
This is in line with the differences observed in bas measurement in UV and Blue channel during the wildfire
period.
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Figure 3: Angstrom Exponent (a) (by the hour of the day) measured by different aethalometers during the Regular and Wildfire
period. Average hourly AAE values derived from the Blue-IR wavelength pair (on x-axis) and the UV-IR wavelength pair (on y-
axis) with error bars representing respective standard deviation. Red lines represent the linear relationship (forced through the
origin), and the dashed line is 1:1.
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Other Comments:

L40: Rather than making the distinction between “traditional” and new measurement methods, I suggest
that the authors simply say that there are three main methods for characterization. The cited paper regarding
LIl is from 2006, and thus it has been around long enough and used by enough people that it could easily
be considered part of the “traditional” canon.

Author’s Response (MC): We appreciate the reviewer’s point and have updated the main text (L40-L46)
in explaining the different black carbon measurement processes.

There are three main processes used to quantify mass concentration of BC: (1) as elemental carbon (EC)
mass concentration derived from thermal-optical analysis of aerosol deposited on filters (Bauer et al.,
2009)(e.g. Sunset thermal-optical OC-EC analyzer), (2) as equivalent black carbon (eBC) measurements
derived from light absorption of aerosol collected on a filter (Hansen et al., 1984) material (e.g.
Aethalometer, Multi-Angle Absorption Photometer) or from photo-acoustic measurements (e.g. the Photo
Acoustic Soot Spectrometer), and (3) the laser-induced incandescence (LII) technique has been used to
measure refractory BC (rBC) concentration after the development of the Single Particle Soot Photometer
(SP2) instrument (Schwarz et al., 2006).

L52: I suggest stating that at 880 nm light absorption is predominantly due to BC rather than it being “only”
due to BC, as the former is more formally correct.

Author’s Response (MC): We agree with the reviewer’s suggestion and have updated the text in L53-
L54.

The aethalometer reported BC mass concentrations are derived from the light absorption measurements at
an infrared (IR) wavelength (880 nm), as light absorption at 880 nm has been identified as being
predominantly due to BC (Hansen et al., 1984).

L70: The authors might note that, if it is assumed that the scattering correction factor is wavelength
independent (which is not a given) that the accuracy of the C parameter impacts primarily the determination
of the absolute absorption and derived concentrations and not the apportionment.

Author’s Response (MC): The scattering correction factor (C) is typically considered as fixed, as provided
by the manufacturer based on the filter type used. Previous studies have pointed out that the major factor
that influences C is the filter material (Bernardoni et al., 2021; Drinovec et al., 2015; Segura et al., 2014).
However, as the reviewer pointed out correctly, C is not constant and has been shown to vary by the
wavelength, and even time of day. Having a fixed C value in the aethalometer algorithm can therefore also
influence source apportionment results (Bernardoni et al., 2021). In light of the reviewer’s suggestion, we
have acknowledged these points in the updated manuscript (L77-L86). However, for the calculations we
used the manufacture recommended fixed C values.

In the aethalometer’s onboard correction algorithm, the manufacturer includes a standard value of C for all
wavelengths depending on the type of filter installed, as C is found to be strongly dependent on the filter
material used (e.g. Cquaz = 2.14 and Crre = 1.57) (Segura et al., 2014; Drinovec et al., 2015). However,
Bernardoni et al. (2021) and Segura et al. (2014) estimated comparatively higher values of C with
wavelength dependency by comparing different field and laboratory-based instrumental measurements.
Additionally, wavelength-dependent C values were shown to depend on the aerosol’s single scattering
albedo (SSA), which can directly impact the light absorption estimates (Yus-Diez et al., 2021). Bernardoni
et al. (2021) also identified limitations of using a fixed C value in the aethalometer source apportionment
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results. However, deriving optimized C values is challenging, requires additional monitoring, and may not
always be transferable as aerosol properties and filter-matrix interactions with light scattering can change
by instruments operated in different regions.

L87: All AE33’s have the same properties and thus “typically” can be removed.

Author’s Response (MC): We thank the reviewer for pointing this out. We removed “typically” from the
main text (L100-L102).

Although advanced aethalometers like the AE33 are widely used, they may not be appropriate in certain
environments where portability and battery-powered operation are essential since these instruments are
expensive, bulky, and require external pumps or an external power supply to operate.

L100: Further details regarding the nature of the “non-linearity arising from flow” would be welcome. As
is, it is difficult for a reader to understand what is meant by this.

Author’s Response (MC): We thank the reviewer for pointing this out. We now more clearly explain the
term “non-linearity arising from flow” in the main text (L109-L112).

Currently, the MA300’s onboard correction algorithm uses a linear loading correction method (Virkkula et
al., 2007) applied to simultaneous dual filter spot (dual-spot) measurements. In contrast, the AE33 onboard
algorithm uses a real-time dual-spot correction, that includes adjustments for real-time variations in flow
rate (Drinovec et al., 2015), which can lead to non-linearities in the relationship between ATN and BC
surface loading.

L154: What is meant by the “(0-120)?” It is unclear.

Author’s Response (MC): We thank the reviewer for catching our omission. “0-120” is the operating ATN
range for model AE33. To add clarity in the text, we removed “(0-120)” and added a line explaining the
aethalometer ATN range (L168-L170).

Fresh filter spots will have an ATN value of 0, and continuous aerosol deposition on the filter spots will
gradually increase ATN to a user-defined threshold value (typically 120 for AE33 and 100 for MA300)

before moving to the next set of fresh filter spots.

L156: Convention is generally that sigma means a molecular cross section and that the MAC is simply
referred to as MAC. | suggest adopting this convention.

Author’s Response (MC): As per the suggestion, we removed sigma in the text and use “MAC” uniformly
to refer to mass absorption cross-section. This has been adopted throughout the manuscript.

L160: This should refer to Equation 2, not 3.

Author’s Response (MC): We thank the reviewer for catching this mistake. We have updated the equation
number from 3 to 2.

Egn. 2: It should be given in the main text. Also, what does the periods mean? Are they meant to indicate
multiplication?
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Author’s Response (MC): We thank the reviewer for this suggestion. We have updated the text (L178-
L184) by adding the nomenclatures of the equation and replaced periods with “x” to better indicate
multiplication. Here is the modified text in the manuscript.

In equation 2, k and C refer to the loading and multiple scattering correction factors, respectively. In this
work, a TFE coated glass fiber filter (model M8060) was used in the AE33; hence we used the manufacturer
recommended scattering correction factor (C) of 1.39. AE33’s aerosol-loaded filter spots comprised an area
(A) of 0.785 cm2 . AATN1 (A) refers to the change in ATN at loading spot 1 within the time change of At(=
1min). The recommended filter lateral leakage factor (&) was set to 0.01, representing 1% leakage of the
tape. The wavelength-specific loading correction factor (k) is calculated by solving a non- linear equation
consisting of flow (F) and attenuation measurements (ATN) at each time step from both filter spots
(equation 4).

L161: Does the scattering correction factor, C, depend on wavelength? If not, why not, as scattering is a
fundamentally wavelength-dependent property?

Author’s Response (MC): As mentioned earlier in the text (L80-L82), the scattering correction factor, C
has been identified to depend on wavelength (Bernardoni et al., 2021; Segura et al., 2014). These studies
have acknowledged that C can vary based on location, time of day and even by aethalometer model and
they are not yet adopted universally in the AE33’s correction algorithm. Since our study is limited to
simultaneous measurement to evaluate wavelength dependency during the study period, we used the
AE33’s manufacturer set constant C value (1.39) in this study. We made this clear in the updated manuscript
(L185-L.187).

In this work, a TFE coated glass fiber filter (model M8060) was used in the AE33; hence we used the
manufacturer recommended scattering correction factor (C) of 1.39.

L170: The authors might note that the MAC values for both instruments are much higher than known
(realistic) MAC values for BC, and thus are best considered as effective values rather than actual values. |
think this is an underappreciated aspect of these instruments: the absorption measured is not the true
absorption because if it were then realistic MAC values would be used. In many ways, the absorption
coefficients determined here should be called “effective absorption coefficients” in the same way that the
BC is referred to as “effective BC.”

Author’s Response (MC): We acknowledge that having a fixed set of manufacturer provided MAC values
is a source of great uncertainty (Healy et al., 2017) in real estimates of BC. However, in view of the reader’s
suitability, we disagree with author’s suggestion to changing aethalometer derived absorption coefficient
to “effective absorption coefficient” to keep the nomenclature aligned with the literature. In the updated
text (L189-L.192), we now inform the readers about the Aethalometer’s fixed MAC values and mentioned
the uncertainty.

These MAC values may not represent the realistic MAC values of real-time sampled aerosol as MAC values
can change by aerosol composition, monitoring site or even by measurement instrument (Healy etal., 2017).
Hence, fixed MAC values used in aethalometers can contribute to uncertainty in reported eBC
concentration.

Egn. 6 should technically use a proportional too symbol, not an approximately symbol.

Author’s Response (MC): We thank the reviewer for pointing this out. We have updated the equation.
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L230: | suggest that the authors retain these high PM event days as they provide an additional test of the
comparability of the two instruments, which is the overall aim of this paper. The exclusion of these leaves
the reader wondering if the relationship between the two completely broke down during this period, leading
to questions regarding the overall performance. Including this period as an additional case study would
strengthen things, in my opinion.

Author’s Response (MC): We thank the reviewer for this suggestion. We did not include these high PM
event days in the main analysis as it will significantly change the conclusion and expand the eBC ranges
during the Regular period. Aligning with reviewer’s suggestion, we performed a case study specifically on
these days and added our findings in the supplementary information (Section F). We also highlighted the
importance/benefits of flagging the data points while performing long-term measurements. In the updated
manuscript we provided detailed description of this point (L264-L.268).

During the measurement period, we also identified unusually elevated concentrations of PM.s for three
days (October 31 - November 2, 2020) during the Regular period, which was attributed to local fireworks
from Halloween celebrations. These three days of data were removed from the main analysis to increase
the consistency of the data. Data from these days have been separately analyzed as a case study to check
the performance of MA300 in high PM events and provided in the supplementary information (Section F).

Section F: A case study on MA300’s eBC measurement during high PM event

During the Regular days, a specific high PM event was identified in this study. These days were October
31% to November 2" and were impacted by the local fireworks from Halloween celebrations. We removed
these data points from the main analysis to improve the data consistency in the Regular period. We find
good linear association (R? > 0.9 ) across the MA300 units, when compared against the reference device
AE33. Slope from the linear fit of these three MA300 devices were slightly higher than reported values in
the main text (Figure 1(a)), however the patterns remain the same. The mean eBC concentration were found
as 3.6, 3.0 and 3.9 pug/m?® from MA300A, MA300B and MA300C respectively. Mean eBC concentration
reported by the reference AE33 was 3.55 pg/me. These mean eBC concentrations were much higher than
the rest of the days during the Regular period and highlights the importance of marking associated events
while collecting data which could potentially impose bias in the analysis.
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Figure S 14: Scatter plot of eBC mass concentration for individual MA300 units A,B and C vs AE33 during the high PM event.. The
dashed line represents the 1:1 line, and solid colors are the regression fit lines for the individual MA300 units

L233: I strongly suggest referring to this as “relative accuracy” rather than “accuracy.” This assumes that
the AE33 is accurate, yet it has its own uncertainty.

Author’s Response (MC): We thank the reviewer for pointing this out. We have updated this in the main
text (L270).

The performance of the MA300 was assessed for both precision (via unit-to-unit variability) and relative
accuracy (via linear regression against the AE33).

L234: R2 is not a measure of accuracy. It is a measure of goodness of fit, or in this case of the cross-
precision of an MA300 and the AE33. | suggest this be revised. The slope is a measure of the accuracy
(assuming that the AE33 is, in fact, accurate).

Author’s Response (MC): We thank the reviewer for pointing this out. We have updated this in the main
text (L271).

Relative accuracy was assessed using the slope of the linear fits.

L250: I am unfamiliar with the term “periodical average,” and suspect many other readers will be too. |
suggest this be defined.

Author’s Response (MC): We thank the reviewer for pointing this out. We have defined these two periods
in the Section 2.1 (L132-L.134) and changed the word “periodical average” to “average”. We simply meant
the average during the two periods of study in the paper.

We classify the campaign data into two distinct measurement periods based on the days Metro VVancouver
issued air quality advisories: September 8 through 18 as "Wildfire" days and the rest as "Regular™ days.
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Also in Section 3 (L280-L.282)

Data collected from AE33 and the MA300s (A, B, and C) during the campaign were separated into
previously defined "Wildfire" and "Regular" periods for studying the aethalometer's performance in two
different sources of aerosols.

L250: I think that grammatically this should be “during the Reg period” and “during the WF period.” This
is a general statement for the remainder of the manuscript. It seems that most of the time the author does
this.

Author’s Response (MC): We thank the reviewer for this suggestion. We have updated the manuscript to
“during the Regular period” and “during the Wildfire period” to improve readability.

Table 1: Please report the actual wavelengths, rather than using e.g., “red.” Also, the number of sig figs is
more than seems appropriate given the standard deviations.

Author’s Response (MC): We thank the reviewer for these suggestions. We have updated the table as
suggested. However, we would like to highlight this fact that MA300 and AE33 ba,s measurements were
not done at exact wavelengths, and hence we consider referring to the names of the channels instead of their
actual wavelengths. We specify this information in the updated text in Section 3.2 (L382-L.374).

As shown in Table S1, the channel-specific wavelength may not match exactly in different aethalometer
models. However, for simplicity, we adopted the MA300 measured wavelengths as a reference and the
nearest wavelengths from AE33 were used for comparison. We present a statistical summary of multi-
wavelength ba,s measurements from all four devices in Table 1.

L263: | believe these are average values for the diurnal profile. It would be useful to have this clarified.

Author’s Response (MC): We have included an explanation of the diurnal concentrations in the text
(Section 3.1, L289)

Since eBC sources can vary within a day, eBC concentration for the measurement periods was again

aggregated to estimate the average hour-of-day (diurnal) concentration.

L266: In what way are the R2 values “estimated?” Aren’t they simply “calculated?” This is a general
statement that also applies to statements like “the estimated coefficients” such as on L269. These are
calculated.

Author’s Response (MC): We thank the reviewer for pointing this out. We have updated the language in
the manuscript accordingly.

L281: As there are only three slopes, | suggest just reporting these three rather than stating a range.

Author’s Response (MC): All three slopes are now reported, as suggested.
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L295: If the authors still have access to the AE33 and MA300’s I encourage them to put a filter on the inlet
and measure the standard deviation for particle free air for their specific models.

Author’s Response (MC): We have access to the three MA300s and we performed an assessment of
MAS300 devices for particle free air by adding a HEPA filter. In total, 450 data points of 5 min resolution
were collected. After running the test, we find that the unit MA300A did not register any data due to
“Optical Saturation” status. We discuss this limitation in the main text (L352-L359). The standard
deviations from MA300B and MA300C were found as 0.04 ug/m?® and 0.163 pg/m? respectively.

MA300’s noise levels were separately assessed in the laboratory following the recommendations by
Backman etal. (2017). Briefly, a HEPA filter was installed and the MA300 units were set to intake particle-
free air samples at a frequency of 5 minutes for 36 hours with controlled weather parameters indoors. We
could not report MA300A’s noise level due to instrumental error (optical saturation); however, the noise
level for MA300B was 0.04 pg m>, and for MA300C was 0.163 ug m=>. The noise estimates for MA300
units were much higher (1.2 — 5 times) than AE33’s reported noise value. Previously, Holder et al. (2018)
reported that noise estimates in MA-series aethalometers could be much higher (1.5 — 5 times) than the
reference instrument for 1-min averaged data.

Fig. 3: We know that the absolute absorption value should vary with wavelength, so I think that it is
appropriate to use a distinct x-axis scaling for each wavelength considered. As it stands, by using a constant
range it is difficult for the reader to see the data as well at the longer wavelengths.

Author’s Response (MC): We have removed Figure 3 from the old manuscript. By normalizing the multi-
wavelength ba,s values, we could discuss unit-to-unit variability of wavelength-dependent MA300’s baps
and determined this figure was redundant. In the revised manuscript, we include a discussion on o and
include Figure 3 to discuss the variability in o, as mentioned earlier.

L333: The authors state that “The slope’s variability in spectral measurements shows similar trends across
the MA300 units, indicating the effect of instrumental sensitivity in resolving multiwavelength

babs.” It is not clear to me how instrumental sensitivity comes into play here. Can the authors expand or
clarify?

Author’s Response (MC): The focus of this section was to present the variability in the spectral baps
measurements. We wanted to investigate if the unit-to-unit variability differs by wavelength. We also
wanted to assess if unit-to-unit variability differed between heavily polluted days (Wildfire period) and
cleaner days (Regular period). Previously, (Cuesta-Mosquera et al., 2021) investigated wavelength
dependency of unit-to-unit variability of multiple AE33 units for ambient air data (with a cleaner
environment) and found no clear trend. However, our results show significant differences in the unit-to-
unit variability in MA300 depending on both wavelength of measurement and measurement period. In the
updated manuscript Figure 2 and Section 3.2.2 (L412-L425) have been updated to explain the slope
variability.

As shown in Figure 2, the linear fit of individual MA300 units vs AE33’s hourly averaged normalized
multi-wavelength bas,s revealed significant variability within MA300 units. It is important to note that, in
Figure 1, we present the linear performance of MA300 units (with respect to AE33) in measuring eBC for
the whole campaign, which corresponds to the IR channel measurement only. Equation 5 shows that the
linear relationship of MA300’s babs,IR and AE33’s bas,ir Will be directly related to eBC measurements
multiplied by the ratio of MACr values between MA300 and AE33. During the Regular period, the slopes
ranged between 0.80 and 0.99, while during the Wildfire period, it ranged from 0.71 and 1.16 (Figure 2).
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Previously, Cuesta-Mosquera et al. (2021) tested 23 units of AE33 in both laboratory and ambient settings,
assessing the instrument’s performance before and after maintenance. They found that, after maintenance,
AE33 tends to slightly underestimate (slopes slightly reduced from 1) for ambient aerosol measurements at
wavelengths 590, 660, and 880 nm, but any wavelength dependency of the unit-to-unit variability of AE33
was not reflected. Here, to assess the unit-to-unit variability of MA300s across the five channels, we used
the coefficient of variation (CV) of the normalized slopes from the three units (Figure 2). Unit-to-unit
variability was highest in basuv (CV = 8 %). Underestimation of basuv and high unit-to-
unit variability will impact the SA results, particularly during the Wildfire period. However, the variability
in the Blue channel was found to be low (CV = 4 %) and slope values were much closer to 1 during the
Wildfire period, which makes it a potential near-UV wavelength of choice for the SA studies using the
MA300.

L335: The authors state “In Figure 3, we identify that the unit-to-unit variability ranged 20-23% during
Reg and 17-19% during WF period.” It is not clear to me that this is what the figure shows. The variability
would be relative to the average of the three instruments and not relative to the reference instrument. Using
the appropriate reference would change the slopes and numbers, but probably not the general conclusions.

Author’s Response (MC): This comment relates to the previous one. We have removed figure 3 and
followed the suggestion of restructuring the Section 3.2.2 and Section 3.2.3. These sections were merged
and discussed in detail (with updated Figure 2) in the revised manuscript. The changes can be found in
Section 3.2.2.

L339: What is meant by “large offsets in the light absorption measurements.”? I find this to be unclear.

Author’s Response (MC): We have removed this line in the revised manuscript to improve readability, as
it was not a key point.

Fig. 4: | find myself somewhat confused regarding these data and the slopes shown. These slopes should,
presumably, be related to the slopes shown in Fig. 2. Yet they are not the same. This should be clarified.

Author’s Response (MC): In Figure 4, we aim present the effect of loading different loading correction
method adopted in this study and compare them reference measurement (AE33). First, the raw data (blue
line in Figure 4) from MA300 which has no correction and found to be significantly overestimating
(MA300;g yqw = 2.7 X AE33;g). The slope comes closer to 1 when correction methods were applied,
instrument correction (in Green) or modified Drinovec correction (in Yellow). Here we do not segregate
the data by periods, as we have done in Figure 2, hence slopes will not remain same. For clarity, we present
a simple calculation on the attribution of slopes used in Figure 4 and 1.

How the slope of Figures 4 and 1 are related?

From Equation 5, we know, b,;,s(1) = eBC; X MAC,

Hence [babs,MA300

] _ [eBCMA300] [MACIR,MAaoo]
babs.ae3s lg1ope slope

eBCags33 MACIR, AE33

_10.12
7.77

= 1.30244

Now, from Table S1, MAC ratio = [MACIR»MAsoo]

MAC/R, AE33
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For MA300A, [M] = 0.869 --- From Figure 1(a)

eBC AE33 slope

Hence, [M] x [w] = 0.869 x 1.30244 = 1.13 (slope observed in Figure 4 for bas,r)
slope

eBCxE33 MACIR,AE33
We mention this direct relationship in the main text. (L464)
The slope from MA300A's bans1r (1.13) is directly related to the slopes presented in Figure 1(a).

L365: The authors here refer to aging affecting wildfire smoke and seemingly exclude aging of fossil fuel-
derived particles. Yet, fossil fuel-derived particles also age and can become more hygroscopic over time,
so | do not follow this argument. I think that the argument needs to be strengthened or removed.

Author’s Response (MC): We thank the reviewer for highlighting this fact. In the updated manuscript, in
Section 3.3 (L441-L.446) we discuss the presence of aged fossil fuel derived particles with the variations
of a values.

The peak of AE33’s a distribution was found to be 1.69, which is very close to previously recommended
as an optimal abb value by Zotter et al. (2017) for SA calculations. In Figure 3, we present each device’s
hourly mapped a values estimated by UV-IR and Blue-IR pairs. Day-time o values for both wavelength
pairs during the Regular period were found to be lowest and closer to unity, representing aerosol sources
from traffic sources Healy et al. (2019); Bernardoni et al. (2021). In contrast, nighttime o values were found
to be highest during the regular period, which could be attributed to the local wood-burning sources (Healy
etal., 2019).

Further in Section 3.5(L486-L495), we updated the explanation on the ageing of fossil fuel derived particles
and its relationship with hygroscopicity.

In our study, all three MA300s were influenced by strong filter loading (Table S6) in addition to RH changes
(45% to 95%) during the sampling periods. Being a near-road emission measurement site, our
measurements captured complex aerosol mixtures of various mixing states. During the regular period, local
traffic during the daytime contributes to fresh BC-enriched aerosols, which can be hydrophobic in nature
(Sarangi et al., 2019; Wang et al., 2020) and by night-time, these fresh BC-enriched aerosols can evolve by
aging and change their morphological and optical properties. In contrast, during the wildfire smoke-affected
days, the measurement site experienced increased quantities of aged aerosols through long-range transport
from the Pacific Northwest. These claims align with our calculated o values, as shown in Fig. 3. With the
abundance of organic aerosol components during wildfire days, coated BC particles have been found to
dominate and often enhance light absorption in lower wavelengths due to the presence of BrC (Healy etal.,
2015). This wildfire smoke-affected BC particles can be mixed with a significant fraction of secondary
organics, which can be hygroscopic in nature (Wang et al., 2020).

L368: The authors here state that measurements are not useful when they are too noisy. This is a very
general statement appropriate for any measurement and so I don’t see the value in including this here.

Author’s Response (MC): Upon reflection, we agree with the reviewer that this statement is too general
to be useful. We have now amended the sentence to transition to discussion of the Blue-IR pairing.

Given these challenges with the UV channel, the Blue-IR channel pairing can be considered as an
alternative for source apportionment (Zotter et al. 2017; Deng et al., 2020).
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L370: Again, | do not see where the authors have demonstrated the greater accuracy of the blue
measurements relative to the UV. This statement is not consistent with Fig. 2.

Author’s Response (MC): We thank the reviewer for identifying this point. In the revised manuscript, in
Section 3.2.2, and in Figure 2, we have demonstrated the performance of individual channels’ baps
measurements in MA300 units. Our results show that average slope (during Wildfire period) for the Blue
channel was 0.96 and for the UV channel was 0.78. Lower slope means underestimation with respect to the
reference instrument. Also, we calculate the unit-to-unit variability in Blue channel was 4% whereas for
UV channel it was 8%. Based on these observations, we considered developing an alternative source
apportionment study using Blue channel.

Fig. 5 caption and Section 3.4.1: To reiterate an above point, | do not think it is appropriate to state that the
method measures a fraction of eBC mass from biomass burning. That is not what is apportioned. The
method does not differentiate between BC sources. It looks at the influence of brown carbon on the eBC
determination and ultimately apportions the absorption between BC and BrC.

Author’s Response (MC): We understand reviewer’s point of view of BC-BrC source apportionment
instead of eBCyp and eBCy. As noted in our response to Major Comment #2, we have added text to clarify
the distinction when the labels are introduced, though we have kept the existing labels for consistency with
previous literature using this method.

L390: I would go further here to say that not only “may” an assumption of the constant AAE for the biomass
component not accurately separate the components to state that it definitely “does not.” This links to my
earlier point that the AAE values are not fixed for biomass burning and any method that assumes it is a
constant is inherently flawed. This goes to the authors finding that the blue-IR apportionment method gives
different values than the UV-IR apportionment. The authors used distinct AAE values for each wavelength
pair but they have not done any robust assessment of the reasonableness or robustness of these numbers.
There is an epistemic uncertainty associated with these values making it impossible to actually know what
they “should” be in any given situation. This comes back to my point above that there needs to be a more
rigorous assessment of known and unknowable uncertainties.

Author’s Response (MC): We hope that this comment has been mostly addressed in Major Comment #5,
where we discuss and present the results from AAE (o) measurements and sensitivity analysis done on the
data.

L405 and Fig. 5: The authors focus in this manuscript is on assessment of the MA300 units. Thus, | find it
a surprising choice to show the AE33 apportionment results in the main text (Fig. 5) while putting the
MAS300 apportionment results in the supplemental. To me, this seems backwards. | also do not fully see the
need for the discussion in Section 3.4.1 as this is all from the AE33 and thus not a core focus of this
manuscript.

Author’s Response (MC): We appreciate the reviewer’s suggestion in light of the focus of the manuscript.
We have chosen to keep the AE33 apportionment results in the main text (Figure 5) as we see value in
presenting the reference instrument results as a baseline, to which the MA300 results are compared.
However, we have also moved Figure S6 (MA300 Source Apportionment Result from Onboard Correction)
into the manuscript as Figure 6.
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