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Section A: Abbreviations and notations used in this study 

eBC Equivalent black carbon concentration. Aethalometer reported black carbon. 

MAC Mass Absorption Cross section 

BC Black Carbon 

ATN1, ATN2  Light attenuation measured in aethalometer from the photometer readings at 
filter spot 1 and filter spot 2 

PM2.5 Particles with size up to 2.5 µm 

I0, I1 , I2 Light intensity measured by photometer from reference spot, aerosol loaded 
spot 1 and aerosol loaded spot 2 respectively 

babs,l Light Absorption Coefficient at wavelength l nm 

babs,NC Non-corrected babs derived from MA300 raw photometer data 

babs,D Drinovec-corrected babs derived from MA300 raw photometer data 

a Ångström exponent 

aff Constrained value of Ångström exponent for fossil fuel-based aerosol 

abb Constrained value of Ångström exponent for biomass burning based aerosol 

C Scattering correction factor 

x Lateral leakage factor on the aethalometer filter 

k Loading correction factor 

A Area of loaded filter spot on aethalometer 

F1 , F2  Aerosol laden air flow rate on filter spot 1 and filter spot 2 

MA300 eBC eBC reported by MA300 units which uses onboard correction scheme 

MA300 babs  babs derived from MA300 reported data which uses onboard correction 
scheme 

eBCbb Apportioned eBC component from biomass burning based sources 

eBCff Apportioned eBC component from fossil fuel-based sources 

BB(%) Percentage of eBCbb component from total eBC.  

 



Section B: MA300 onboard correction method  

The corrected eBC concentration is calculated by equation S1. 

𝑒𝐵𝐶$ =	
𝑒𝐵𝐶'

(1 − 𝑘 × 𝐴𝑇𝑁')
… (𝑆1) 

Where, eBCc is the compensated eBC concentration after the correction, k is the loading correction factor, 

ATN1 refers the ATN values from channel 1 and eBC1 refers to the non-corrected measurement 

corresponding to spot 1, given by MA300s. As identified by Drinovec (Drinovec et al., 2015), the above 

compensation equation (S1) is similar but not the same to Virkkula’s equation (Virkkula et al., 2007).  

Moreover, Virkkula’s (Virkkula et al., 2007) loading correction factor is calculated based on the data 

continuity from each filter spot. MA300 uses non-corrected eBC and ATN measurements from both the 

spots at each time stamp to estimate the compensation parameter and is given by equation S2. 

𝑘 =
𝐵𝐶3 − 𝐵𝐶'

(𝐵𝐶3 × 𝐴𝑇𝑁') −	(𝐵𝐶3 × 𝐴𝑇𝑁')
	… (𝑆2) 

It is important to note that MA300’s data include both raw photometer readings and the compensated eBC 

concentrations for each wavelength channel, which provides opportunity to adapt AE33’s algorithm and 

check for opportunities in improvement.  

  



Section C: Data cleaning in MA300’s raw data 

We observed drifts in raw photometer sensor measurements from MA300s across the measurement period. 

These drifts can be attributed voltage fluctuation in the sensor readings in MA300. This is probably due to 

the use of lower quality (or lower cost) photometer in the MA300 as compared to the AE33. We consider 

these drifts outliers in the data collection. Based on inter quartile range (IQR) criteria, we have removed 

the drift points and results are shown in figure below (before and after removing outliers). The IQR criterion 

means that all observations above q0.75 + 1.5IQR or below q0.25 − 1.5IQR (where q0.25 and q0.75 

correspond to first and third quartile respectively, and IQR is the difference between the third and first 

quartile) are considered as potential outliers by R programming software. 

 

  

Figure S 1:Sample sensor readings (left panel with drifts, right panel after noise removal) from MA300 in Reference spot 
(Ref), Spot 1 (Sen1) and Spot 2 (Sen2). 



Section D: Aethalometer model for eBC source apportionment 

Aethalometer models have been developed by utilizing the power law relationship of aerosol light 

absorption (Main text, equation 6). The two-component model assumes light absorption is contributed by 

the two potential sources (eg. biomass burning and fossil fuel emission), which has been widely considered 

in estimating BC emission (Sandradewi et al., 2008; Rajesh and Ramachandran, 2017; Dumka et al., 2018; 

Healy et al., 2019). This model apportions the total spectral babs into babs,ff (light absorption from fossil fuel 

emission) and babs,bb (light absorption from biomass burning emission) and subsequently estimated the 

eBCbb and eBCff concentrations. Equations S3 – S9, have been derived and used to estimating the source 

contributions at each timestamp of data collected. Here, aff and abb values are the largest source of 

uncertainty in the results (Healy et al., 2017; Zotter et al., 2017), which are typically derived from the 14C 

analysis of the aerosol samples. The values of a may also differ by location, aerosol composition and mixing 

state which can be constrained by additional measurements (Garg et al., 2016). In absence of additional 

measurements, a can be adopted from other but similar/representative studies (weather, source influence 

etc.). In this work, we utilized a values from two particular previous work: (1) performed at the similar site 

(Healy et al., 2019) and (2) recommend values from 14C based analysis (Zotter et al., 2017). 
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𝑒𝐵𝐶;; = 𝑒𝐵𝐶 ×
𝑏678,;;(𝜆)
𝑏678(𝜆)

… (𝑆8) 

𝑒𝐵𝐶77 = 𝑒𝐵𝐶 ×
𝑏678,77(𝜆)
𝑏678(𝜆)

… (𝑆9) 

 

  



Section E: Statistical comparison metrics 

Systematic, quantitative performance analysis of MA300 derived quantities were done by utilizing different 

statistical metrics. To assess the consistency of MA300 reported data, we compared the results of MA300 

units with the reference AE33 measurements and used single value performance metrics. We compare 

AE33’s eBC concentration, multi-wavelength babs,l with MA300 instrument reported data. The parameters 

that were used in this study include: slope (b), coefficient of determination (R2) and weighted R2 (bR2) 

from the linear regression fit (with zero intercept), mean absolute `error (MAE), root mean squared error 

(RMSE), normalized root mean squared error (NRMSE). These parameters were selected based on previous 

studies which are focused on instrumental performance (Zimmerman, 2022; Malings et al., 2019), 

comparison studies (Alas et al., 2020; Rajesh and Ramachandran, 2018), or model evaluation (Zambrano-

Bigiarini, 2020; Yao et al., 2013; Krstic et al., 2016). The equations which are used to calculate the 

parameters are given as follows: 

𝑀𝐴𝐸 =	
1
𝑛
O|𝑃RSTT − 𝑃URTVV| 

𝑅𝑀𝑆𝐸 =	X
∑ (𝑃RSTT − 𝑃URTVV)3Z
'

𝑛
 

𝑁𝑅𝑀𝑆𝐸 =	
𝑅𝑀𝑆𝐸
𝑃RSTT[[[[[[[  

𝑏𝑅2 =	 \
|𝑏| × 𝑅3,							𝑓𝑜𝑟	𝑏 ≤ 1
|𝑏|@' × 𝑅3,			𝑓𝑜𝑟	𝑏 > 1

 

*PAE33 and PMA300 represents parameter (eg. eBC) from AE33 and MA300 respectively, 𝑃RSTT[[[[[[[ is the average concentration measured by AE33. 

In this study, we primarily use linear fit parameters and MAE and NRMSE to assess the MA300’s 

performance in different context. However, all the parameters mentioned above are estimated and provided 

in Table S4 and S5. 

  



Table S1: Wavelength of light absorption measurement and corresponding Mass Absorption 

Cross section (MAC) for AE33 and MA300 considered in this study 

Channel 
AE33 MA300 

Wavelength (nm) MAC (m2/g) Wavelength (nm) MAC (m2/g) 
1 370 18.47 375 24.069 
2 470 14.54 470 19.07 
3 520 13.14 528 17.028 
4 590 11.58 625 14.091 
5 660 10.35 880 10.12 
6 880 7.77 -- -- 
7 950 7.19 -- -- 

 

Table S2: MA300 and AE33: Instrumental comparison and operational details 

 AE33 MA300 
Weight 20 kg (approx.) 0.715 kg 
Power Requirement AC (25 W typical) AC + Battery Operated (46.08Wh) 
Instrument Type Dual Spot Aethalometer Dual-Spot Micro-Aethalometer 
Filter type Teflon PTFE 
Sampling Spot Area 0.785 cm2 0.283 cm2 
Wavelengths of Light 
Absorption (nm) 370, 470, 520, 590, 660, 880, 950 375, 470, 528, 625, 880 

Filter Loading Correction Using Drinovec 2015 Using Virkkula 2007 
Scattering Correction Using Drinovec 2015 Not Considered 

Operational Details 
Flow Rate 5000 ml per minute 150 ml per minute 
ATN range 0-120 0-100 
Data Collection  1 min 1 min 

 

  



 
Table S3 (a). Table of statistical parameters for the MA300 units vs AE33 : eBC 

Period eBC MAE 
(µg/m3) 

RMSE 
(µg/m3) 

NRMSE 
(%) bR2  

Reg  
MA300A 0.43 0.63 47.49 0.56 
MA300B 0.45 0.68 51.04 0.48 
MA300C 0.45 0.67 50.50 0.67 

WF  
MA300A 0.88 1.15 26.20 0.63 
MA300B 1.19 1.55 35.38 0.49 
MA300C 0.86 1.17 26.62 0.69 

 

Table S3 (b). Table of statistical parameters for the MA300 units vs AE33 : babs 

Period babs  Channel MAE 
(Mm-1) 

RMSE 
(Mm-1) 

NRMSE 
(%) 

bR2  

Reg MA300A  UV 9.55 15.18 51.80 0.66 
Blue 7.69 11.84 52.73 0.64 

Green 6.67 10.08 52.39 0.65 
Red 5.83 8.71 61.47 0.58 
IR 3.92 5.87 56.53 0.62 

MA300B  UV 8.95 13.43 46.13 0.59 
Blue 7.03 10.66 47.55 0.58 

Green 6.02 9.00 46.89 0.59 
Red 4.75 7.02 49.55 0.65 
IR 3.41 5.02 48.40 0.64 

MA300C  UV 13.20 19.75 67.61 0.56 
Blue 10.79 16.11 71.75 0.53 

Green 9.25 13.83 71.92 0.53 
Red 8.33 12.28 86.56 0.48 
IR 5.46 8.05 77.63 0.52 

WF  MA300A  UV 35.68 46.12 30.41 0.66 
Blue 19.55 26.13 30.10 0.67 

Green 16.10 21.03 30.32 0.66 
Red 16.08 20.00 41.39 0.58 
IR 9.60 12.11 35.59 0.60 

MA300B  UV 39.99 51.19 33.75 0.58 
Blue 18.40 23.96 27.60 0.64 

Green 14.30 18.81 27.12 0.63 
Red 10.07 13.48 27.90 0.68 
IR 7.02 9.40 27.63 0.64 

MA300C  UV 37.01 48.47 31.96 0.62 
Blue 23.46 31.06 35.78 0.61 

Green 19.44 25.52 36.80 0.59 
Red 19.97 24.68 51.07 0.51 
IR 13.23 16.19 47.56 0.53 

 



Table S3 (C). Table of statistical parameters for the MA300 units vs AE33 : babsD 

Period babs Channel MAE 
(Mm-1) 

RMSE 
(Mm-1) 

NRMSE 
(%) bR2 

Reg 

MA300A  

UV 13.55 20.79 71.16 0.52 
Blue 10.55 15.85 70.56 0.52 
Green 9.04 13.48 70.06 0.53 
Red 8.04 11.81 83.23 0.48 
IR 5.20 7.78 74.97 0.51 

MA300B  

UV 10.89 16.13 55.25 0.49 
Blue 8.42 12.68 56.46 0.52 
Green 7.24 10.83 56.30 0.56 
Red 6.11 9.09 64.14 0.55 
IR 4.28 6.24 60.10 0.58 

MA300C  

UV 16.94 25.63 87.43 0.47 
Blue 13.37 19.81 88.23 0.47 
Green 11.40 16.91 87.94 0.47 
Red 10.31 15.13 106.60 0.42 
IR 6.82 9.96 96.09 0.45 

WF 

MA300A 

UV 48.80 62.06 40.92 0.43 
Blue 26.63 34.78 40.06 0.59 
Green 24.56 31.71 45.72 0.56 
Red 23.76 29.46 60.96 0.50 
IR 13.12 16.18 47.53 0.54 

MA300B 

UV 46.69 62.10 40.84 0.47 
Blue 23.18 31.82 36.59 0.64 
Green 18.14 24.41 35.13 0.63 
Red 15.76 20.84 43.12 0.56 
IR 9.52 12.19 35.82 0.61 

MA300C  

UV 40.57 52.19 34.33 0.56 
Blue 24.52 31.60 36.40 0.60 
Green 22.85 29.26 42.19 0.53 
Red 23.72 29.33 60.69 0.46 
IR 17.64 21.17 62.20 0.46 

 

 

 

 

 

 

 



Table S4: Results of the linear relationship of MA300s and AE33  

  Reg WF 
Parameter Device Slope (error) R2 Slope (error) R2 

eBC MA300A 1.03 ± 0.01 0.86 1.06 ± 0.02 0.95 
 MA300B 1.19 ± 0.01 0.86 1.27 ± 0.02 0.94 
 MA300C 0.85 ± 0.01 0.87 0.95 ± 0.02 0.94 

babs,UV MA300A 0.86 ± 0.01 0.86 1 ± 0.02 0.93 
 MA300B 1.01 ± 0.01 0.87 1.16 ± 0.02 0.93 
 MA300C 0.7 ± 0.01 0.87 0.99 ± 0.02 0.92 

babs,Blue MA300A 0.83 ± 0.01 0.86 0.87 ± 0.01 0.95 
 MA300B 0.98 ± 0.01 0.86 1.05 ± 0.02 0.94 
 MA300C 0.68 ± 0.01 0.87 0.82 ± 0.01 0.94 

babs,Green MA300A 0.83 ± 0.01 0.87 0.86 ± 0.01 0.95 
 MA300B 0.98 ± 0.01 0.86 1.05 ± 0.02 0.94 
 MA300C 0.68 ± 0.01 0.87 0.81 ± 0.01 0.94 

babs,Red MA300A 0.75 ± 0.01 0.87 0.76 ± 0.01 0.95 
 MA300B 0.88 ± 0.01 0.86 0.94 ± 0.02 0.94 
 MA300C 0.62 ± 0.01 0.87 0.71 ± 0.01 0.94 

babs,IR MA300A 0.79 ± 0.01 0.86 0.81 ± 0.01 0.95 
 MA300B 0.91 ± 0.01 0.86 0.97 ± 0.02 0.94 
 MA300C 0.66 ± 0.01 0.87 0.73 ± 0.01 0.94 

 
 
Table S5: Mean ± standard deviation of eBC components estimated from diurnal 

distribution from AE33, MA300 and MA300 with modified Drinovec corrected data 

 

Period Wavelength AE33 MA300 MA300+Drinovec 
eBCbb eBCff eBCbb eBCff eBCbb eBCff 

Reg UV-IR 0.17±0.04 1.14±0.36 0.12±0.02 1.09±0.29 0.13±0.03 1.24±0.32 
 Blue-IR 0.24±0.05 0.91±0.31 0.17±0.03 0.95±0.26 0.18±0.04 1.08±0.28 

WF UV-IR 1.90±0.32 1.99±0.79 1.07±0.25 2.66±0.64 0.87±0.27 3.61±0.80 
 Blue-IR 1.46±0.23 1.73±0.64 0.98±0.21 2.24±0.55 1.17±0.25 2.6±0.67 

 
 
  



Fig S2: Wildfire smoke impact on eBC concentration 

 

Fig S3: Wavelength specific babs from AE33 

Figure S 3: Mean babs values measured during Reg and WF days by AE33 across five wavelengths. Error bar represents the 
standard deviation, and the dashed line represents the power law fit. AAE(exponent of the power law fit) has been mentioned 
for the two periods.  

Figure S 2: Hourly eBC concentration measured by AE33 and mean of three MA300 units for September 2020 at Clark Drive. (a) 
Time series of the measurements with the yellow shaded region representing the wildfire smoke affected days (Sep 8 – Sep 18). (b) 
Scatter plot of the same data with liner fit (blue line). Dashed line represents the 1:1 line 



Fig S4: Wavelength specific babs from MA300 

 

Figure S 4: Same as figure 7 but derived for MA300 units 

 

Fig S5: Comparison of source apportionment results with wavelength pairs used 

 

Figure S 5: Comparison of AE33 reported diurnal hourly eBC (ng/m3) contribution from eBCbb and eBCff from UV-IR based and 
Blue-IR based source apportionment techniques 



Fig S6: MA300 Source Apportionment Result from Onboard Correction 

 

Figure S 6: Diurnal variation of eBC components (Similar to Figure 4 in main text) for MA300's onboard corrected data. 

 

Fig S7: MA300 Source Apportionment Result from Modified Drinovec Correction 

 
Figure S 7:Diurnal variation of eBC components (Similar to Figure 4 in main text) for modified Drinovec corrected data on 
MA300s raw measurement 

 



Fig S8: Variability of eBC measurement by micro-aethalometer MA300 

 

 

  

Figure S 8: Multi unit pooled standard deviation from MA300 measurements for each one µg/m3 of eBC concentration 
measured by AE33. The fit line (in blue) represents the linear response of MA300’s variability across the concentration 
range. The shaded region represents the 95% CI of the fit.  
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