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This analysis is based upon spectral fits using QDOAS software with the following settings. A common wavelength interval, 

from 337nm to 364nm, was used for both BrO and O4 spectral fitting. Molecular absorbers were not allowed to shift with 

respect to the wavelength scale, and the rotational Raman scattering, aka “Ring” spectrum (Grainger and Ring, 1962) was 

constrained to be within 0.1nm of the reference spectrum, but was typically closer to zero shift. To account for the "tilt 

effect", the spectrum was allowed to shift with respect to the reference (Rozanov et al., 2011; Lampel et al., 2017b); these 5 

shifts were significantly smaller than one pixel.  For the Avantes spectrometers (IL1 and IL2), no intensity offset was 

allowed, but for the Ocean Optics (model QE65000 in the BARC instrument), a constant offset was fitted to account for 

instrumental stray light, which was found to be significantly larger for the BARC instrument. The BrO absorption cross 

section was from Fleischmann and Burrows (2000) at 243K.  The NO2 cross section was from Voigt et al. (2002) at 260K. 

The O4 absorption cross section was from Thalman and Volkamer (2013) at 273K. Additionally, the difference between the 10 

253K and 293K O4 cross sections was fitted to account for the temperature-dependent O4 absorption shape.  The ozone 

cross section was from Serdyuchenko et al. (2014) at 263K, and the temperature difference between ozone cross sections at 

243K and 283K was used to account for temperature dependent absorption shape. The rotational Raman scattering (Ring) 

pseudo-absorber spectrum was calculated in DOASIS (Kraus, 2006) at 273K, and a Ring effect temperature dependence 

was calculated as the difference between 273K and 243K, as found in Lampel	et	al.	(2017a).  Table S1 shows fitting error 15 

statistics from the spectral retrievals.  For use in the HeiPro optimal estimation fitting, the BrO fit error was multiplied by a 

factor of two following an estimate from Stutz and Platt (1996). 

 

These figures show supplemental information discussed in the text.  Figure S1 shows histograms of information content 

(DOFS) from BrO and O4 OE fitting.  Figure S2 shows wind direction statistics.  Figure S3 shows correlation diagrams 20 

during the pre-lead opening period.  Figure S4 shows histograms of the difference in BrO LT-VCD between sites.  Figures 

S5-S7 show aerosol extinction coefficient curtain plots for periods B1-B3, respectively. Figures S8-S10 show BrO curtain 

plots for periods B1-B3, respectively.  Also provided is a supplemental animation that shows the measurement locations 

superimposed on sea ice images. 
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Tables: 

Table S1: Fitting error statistics  

Instrument Fit RMS Fit error (1σ) BrO / 

molecule cm-2 

Fit error (1σ) O4 /  

molecule2 cm-5 

Fit error (1σ) NO2 / 

molecule cm-2 

IceLander1 3.7e-4 9.0e+12 4.2e+41 8.7e+14 

BARC 3.6e-4 9.5e+12 4.1e+41 8.9e+14 

IceLander2 2.7e-4 6.8e+12 3.0e+41 6.5e+14 

 60 

 

  



4 

 

Figures: 

 65 

Figure S1: Histograms of degrees of freedom for signal (DOFS) for the “fine grid” at each site for aerosol extinction 
measurements (via O4 absorption), left panel and BrO, middle panel.  The right panel shows the relationship between the BrO 
DOFS aloft on the coarsened grid (200-2000m AGL) versus aerosol optical thickness (AOT) at 361nm. Points with BrO  <0.5 
DOFS aloft are considered too affected by light scattering and are cut from subsequent analysis, as described in the text and in 
Peterson et al. (2015). 70 

 

 

Figure S2: Histograms of wind direction at Barrow (Utqiaġvik), split into sectors as described in the text. 
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Figure S3: Correlation plots of BrO measurements (LT-VCD and 0-200m mixing ratio, MR) between sites during the period from 
March 9 to 23, after deployment of remote IL sites but before the sea ice lead breakage event when IL2 began moving downwind.  
For clarity, error bars are not shown, but are similar to those in Figure 3. 
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Figure S4: Histograms of the difference in BrO LT-VCD between sites.  This difference is calculated from hourly data at each site 
in the period before the sea ice lead moved IL2, so there were no sea ice leads between sites.  The probability of having a 
difference with absolute value less than 1013 molecule cm-2 is 89% for IL1-IL2, and 93% for IL1-BARC. 
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Figure S5: Aerosol extinction coefficient curtainplots for period B1.  On all figures, the top panel is IL1, middle is BARC, and 
bottom is IL2.  Values greater than 1 km-1 are represented as black, and features at higher altitude than these optically thick 90 
layers have little information content and should be ignored.  White periods represent data gaps or nighttime, when 
measurements were not possible.  
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Figure S6: Aerosol extinction coefficient curtainplots for period B2.    
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Figure S7: Aerosol extinction coefficient curtainplots for period B3.    100 
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Figure S8: BrO mixing ratio (MR) curtainplots for period B1.  On all figures, the top panel is IL1, middle is BARC, and bottom is 
IL2.  Values greater than 40 pmol mol-1 in individual layers are probably caused by limited vertical resolution and are 105 
represented as the red color.  White periods represent data gaps or nighttime, when measurements were not possible. 
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Figure S9: BrO mixing ratio (MR) curtainplots for period B2.    
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Figure S10: BrO mixing ratio (MR) curtainplots for period B3. 115 

 


