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Text S1: Calculation of ΔO3 during high BC episodes 

Ozone is a major secondary pollutant existing in aged biomass burning plumes (Andreae et al., 1994). 
The change of ozone concentration from the background level could be a good indicator of the aging of 
biomass burning plumes. The O3 concentration in fresh plumes could be lower than that in background. 
And elevated O3 from background levels could occur in aged biomass burning plumes. However, this 
simple approach can be complicated by surface deposition of O3 during long-range transport (Chin et al., 
1994) or less active photochemistry in the fire plumes due to cloudy or rainy weather at the northern high 
latitude (Tanimoto et al., 2000).  

According to GEOS-Chem model simulation, biomass burning dominated all high BC episodes except 
Episode 9. Therefore, for the high BC episodes identified in the 2017 and 2018 cruises, when O3 mixing 
ratios were observed, ΔO3 was derived to illustrate the aging status of the observed biomass burning 
airmasses. Here, ΔO3 was the difference between the observed 1-h O3 mixing ratios to the Arctic Ocean 
background, which was calculated as the average 1-h O3 mixing ratios during the defined BC background 
periods in 2017 and 2018 cruises (Sect. 4.2) and was estimated to be 25.7 ppb (Fig. S18). The mean and 
standard deviation of ΔO3 during E4 to E9 are presented in Table S1. Except Episodes 5 and 9, ΔO3 
during other episodes were on average negative. For E6 and E7, which occurred near the coast of Alaska 
and back trajectories (Fig. S19) indicate fresh Alaska airmasses could have been captured, it’s possible 
that the monitored biomass burning plumes were fresh that the O3 production potential have not yet 
realized. However, lower photochemical activity cannot be excluded as a reason for the lower observed 
O3 levels. Back trajectories for E6 (Fig. S19) and E8 (Fig. S11) indicate that the observed airmasses 
probably have transported more than two days before being monitored. Therefore, O3 production 
probably have occurred before the biomass burning plumes were transported to the ship positions if not 
cloudy or rainy weather and surface deposition may be the main reason for the negative ΔO3. For 
Episodes 5 and 9, although the positive ΔO3 may indicate aged biomass burning plumes were observed, 
other factors may have dominated the ΔO3, especially for E9, anthropogenic sources possibly contributed 
more than biomass burning sources to the observed BC and O3 as well (Table 3).  

Table S1 The mean and standard deviation of ΔO3 (ppb) during the high BC episodes in 2017 and 2018. 

Episodes E4 E5 E6 E7 E8 E9 
Mean -3.4 2.3 -8.7 -6.5 -4.6 2.0 

Standard deviation 2.2 1.5 2.3 4.2 4.8 4.9 
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Figure S1 Same as Fig. 1, but for the temporal and spatial distribution of BC mass concentrations along 
the whole cruise tracks in respective years.  
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Figure S2 Scatter plot of meBC versus mBC (COSMOS) for the cruises in 2017 (left) and 2018 (right). In 
each panel, a linear regression line forced through zero is included. The intercept, slope, and Pearson 
correlation coefficient (R) are also presented. All data are at a 1-h time resolution. 

 

 

Figure S3 The full-scale view (a) and a zoomed-in view (b) of Fig. 2a. 
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Figure S4 Interannual variations of (a) BC mass concentrations measured by a COSMOS and (b) aerosol 
absorption coefficients measured by filter-based absorption photometers at Utqiaġvik observatory in 
August and September. For each box plot, lower whisker – minimum, upper whisker – maximum, box 
bottom – first quartile, box top – third quartile, line in the box – median, solid diamond marker – 
arithmetic mean, and circle markers – measured data; N, Median, Mean, and St.D. are the number, 
median, arithmetic mean, and standard deviation of the data used for the individual box plot, respectively. 
(Data source: Ohata et al., 2021; https://ads.nipr.ac.jp/dataset/A20201120-001; last access: 8 September 
2022.) 
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Figure S5 A zoomed-in view of Fig. S4. 

 

Figure S6 Time series of 1-h BC mass concentrations before removing data influenced by ship exhausts. 
The shaded areas indicate the 10 episodes selected in this study. 
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Figure S7 Comparison between model simulated and observed BC mass concentration for all cruises (a) 
and individual cruises (b-f). Also presented in each panel are the 1:1 line, the number of samples (N), the 
Pearson correlation coefficient (R), the normalized mean bias (%) between the model and observed data, 
and the ratio of mean absolute error to the mean of mBC (MAE/Mean) for all cruises (a) and individual 
cruises (b-f). 
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Figure S8 The normalized mean biases (NMB) of the model simulations, based on observed mBC along 
ship tracks, are presented for latitudes south of 52° N, north of 72° N, and between 52° and 72° N for 
respective cruises conducted between 2016 and 2020. Additionally, the NMB for the entire duration of 
each cruise is provided. 
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Figure S9 Biomass burning sources of BC (BCbb) during 5–8 September 2016 based on GFED4 data. In 
each panel, the 5-day airmass back trajectories (dotted lines) started from the ship positions (star markers) 
during Episode 3 are superimposed on the map, and the height distribution of the back trajectories during 
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Episode 3 are shown on the right. In panel (a), CAO-Chukotka Autonomous Okrug and KamK-
Kamchatka Krai.  

 

Figure S10 Model simulated anthropogenic BC (BCan, color image) surface distributions (left) and 
longitude-pressure cross sections at 66° N (right) before Episode 3. Superimposed on the left panels are 
surface winds and the ship positions. Superimposed on the right panels are the ship longitude positions 
and the possible transport region of BC-containing air masses related with Episode 3. The latter was 
inferred from GEOSChem model (Fig. 4) and back trajectories (Fig. S9). On both panels, the contour plot 
represents the simulated anthropogenic BC to total BC ratio (%).  
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Figure S11 Biomass burning sources of BC (BCbb) during August 12–15, 2018 based on GFED4 data. In 
each panel, the 5 day airmass back trajectories (dotted lines) started from the ship positions (star markers) 
during Episode 8 are superimposed on the map, and the height distribution of the back trajectories (dotted 
lines) during Episode 8 are shown on the right. In panel (a), KraK- Krasnoyarsk Krai and Sakha- the 
Republic of Sakha.  
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Figure S12 Model simulated anthropogenic BC (BCan, color image) surface distributions (left) and 
longitude-pressure cross sections at 78° N (right) before to right after Episode 8. Superimposed on the left 
panels are surface winds and the ship positions. Superimposed on the right panels are the ship longitude 
positions and the possible transport region of BC-containing air masses related with Episode 8. The latter 
was inferred from GEOSChem model (Fig. 5) and back trajectories (Fig. S11). On both panels, the 
contour plot represents the simulated anthropogenic BC to total BC ratio (%).  
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Figure S13 Scatter plot of O3 versus CO for the period from 6 August 2020 0:00 to 6 September 2020 
0:00 of the MOSAiC observation in the central Arctic (Boyer et al., 2023). The line represents the 
reduced major axis regression: the intercept, slope, and correlation coefficient are also presented. The 
merged CO and O3 datasets (Angot et al., 2022) were used for the analysis. 
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Figure S14 Biomass burning sources of BC (BCbb) during August 3–6, 2019 based on GFED4 data. In 
each panel, the 5 day airmass back trajectories (dotted lines) started from the ship positions (star markers) 
during Episode 10 are superimposed on the map, and the height distribution of the back trajectories 
(dotted lines) during Episode 10 are shown on the right. In panel (a), KraK- Krasnoyarsk Krai, IrO- 
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Irkutsk Oblast, Sakha- the Republic of Sakha, MO- Magadan Oblast, CAO- Chukotka Autonomous 
Okrug, and KamK- Kamchatka Krai.  

 

Figure S15 Simulated biomass burning BC (color image) surface distributions and horizontal winds 
(arrow) at 800 hPa before and during Episode 10. The contour plot superimposed on each panel 
represents the simulated biomass burning BC to total BC ratio (%). Star markers indicate the ship position 
during episode 10. 
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Figure S16 Same as Fig. S15, but for simulations at 600 hPa. 
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Figure S17 Model simulated anthropogenic BC (BCan, color image) surface distributions (left) and 
longitude-pressure cross sections at 70° N (right) before and during Episode 10. Superimposed on the left 
panels are surface winds and the ship positions. Superimposed on the right panels are the ship longitude 
positions and the possible transport region of BC-containing air masses related with Episode 10. The 
latter was inferred from GEOSChem model (Fig. 9) and back trajectories (Fig. S14). On both panels, the 
contour plot represents the simulated anthropogenic BC to total BC ratio (%).  

 



18 
 

 

Figure S18 Surface distributions of O3 mixing ratios along the ship tracks (a and b) and time series of O3 
mixing ratios and ship latitude positions (c and d) during the 2017 (a and c) and 2018 (b and d) cruises. In 
panels (a) and (b), the grey line represents the cruise track, and the filled color circles superimposed on 
the track indicate the O3 mixing ratios. Ship positions during Episodes 4-9 are marked along the ship 
tracks as open circles. In panels (c) and (d), bar shades indicate Episodes 4-9, and the horizontal dashed 
lines indicate the background O3 mixing ratio in the Arctic Ocean (Text S1). The O3 mixing ratios 
presented here are at 1 h time resolution and the data influenced by ship exhaust has been removed. 
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Figure S19 Hourly 5 day backward airmass trajectories (dotted lines) started from 500 m above the ship 
positions (plus markers) for the ten episodes. 
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