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This document contains supplemental material to the manuscript entitled ’Source Mechanisms and transport Patterns
of tropospheric BrO: Findings from long-term MAX-DOAS Measurements at two Antarctic Stations’ by Frieß et al. Section
1 shows histograms of the DOAS fit error and of the degrees of freedom for signal of the aerosol and BrO profiles at
both sites. Section 2 presents correlation plots for each pair of parameters observed at both sites, separately for each
season, as well as matrices of p-values of the regression analysis. Source-receptor maps of BrO and related parameters
for all seasons can be found in Section 3. The multi-annual variability of BrO and aerosols at both sites is presented in
Section 4.
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1 DOAS Fit Errors and vertical Profile Information Content
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Figure S1: Histogram of the BrO fit errors for NM (left, 2003 - 2021 data) and AH (right, 2012 - 2021 data) as derived
from the DOAS analysis. Mean and median are shown as dashed and dotted lines, respectively.
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Figure S2: Histograms of the DOFS for aerosols (left) and BrO (right). Top panels show the DOFS distribution for
NM, with blue and red bars for the periods without (before February 2016) and with (after February 2016) 1◦ elevation
included in the MAX-DOAS sequence, respectively. Bottom panels show the respective histograms for AH. Mean and
median DOFS are shown as dashed and dotted vertical lines, respectively, and the legends show the total number of
observations as well as the mean value.
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2 Correlation plots

NM ASO correlations
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Figure S3: Correlations plots for parameters observed at NM during ASO. Each plot shows the correlation of a pair
of parameters. The colour in each hexagon corresponds to the number of data points in this area (logarithmic colour
scale). Note that BrO and aerosols are in logarithmic scale. Slope, intercept, PCC and p-value are listed in the subfigure
titles.The linear fits are shown as black lines.For a description of the variables see Tables 4 and 5 in the main paper.
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NM ASO correlations
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Figure S3: Correlations plots for parameters observed at NM during ASO (continued)
.
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NM ASO correlations
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Figure S3: Correlations plots for parameters observed at NM during ASO (continued)
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Figure S4: Correlations plots for parameters observed at NM during NDJ. Each plot shows the correlation of a pair
of parameters. The colour in each hexagon corresponds to the number of data points in this area (logarithmic colour
scale). Note that BrO and aerosols are in logarithmic scale. Slope, intercept, PCC and p-value are listed in the subfigure
titles.The linear fits are shown as black lines.For a description of the variables see Tables 4 and 5 in the main paper.

9



NM NDJ correlations

1e-061e-050.00010.0010.01 0.1 1.0 10.0100.0
Aer [km 1]

200

400

600

800

1000

1200

1400

1600

h m
l [

m
]

y = 1246.68x+774.67; R = -0.06; p = 0.00 

10
0

10
1

10
2

10
3

N

0.0001 0.001 0.01 0.1 1.0 10.0
Aer [km 1]

10

15

20

25

O
3 

[p
pm

]

y = 330.43x+386.02; R = -0.14; p = 0.00 

10
0

10
1

10
2

N

0.0001 0.001 0.01 0.1 1.0 10.0
Aer [km 1]

0

5

10

15

20

25

v 
[m

/s
]

y = 13.51x+21.20; R = 0.45; p = 0.00 

10
0

10
1

10
2

N

0.0001 0.001 0.01 0.1 1.0 10.0
Aer [km 1]

960

970

980

990

1000

p 
[h

Pa
]

y = -31.31x+950.21; R = -0.33; p = 0.00 

10
0

10
1

10
2

N

0.0001 0.001 0.01 0.1 1.0 10.0
Aer [km 1]

20

40

60

80

100

R
H

 [\
%

]

y = 50.46x+135.74; R = 0.26; p = 0.00 

10
0

10
1

10
2

10
3

N

0.0001 0.001 0.01 0.1 1.0 10.0
Aer [km 1]

255

260

265

270
T 

[K
]

y = 58.55x+326.27; R = 0.07; p = 0.00 

10
0

10
1

10
2

N

0.0001 0.001 0.01 0.1 1.0 10.0
Aer [km 1]

0

1

2

3

4

5

T 
[K

]

y = -0.75x-0.44; R = -0.13; p = 0.00 

10
0

10
1

10
2

10
3

N

10 15 20 25 30
B-O3 [ppm]

0

10

20

30

40

50

60

ice
 [h

]

y = 223.01x-3909.85; R = -0.19; p = 0.00 

10
0

10
1

10
2

N

10 15 20 25
B-O3 [ppm]

0

5

10

15

20

25

v i
ce

 [k
m

/h
]

y = 3.03x-38.90; R = 0.22; p = 0.00 

10
0

10
1

N

10 15 20 25 30
B-O3 [ppm]

0

10

20

30

40

50

wa
te

r [
h]

y = -6.89x+124.11; R = -0.17; p = 0.00 

10
0

10
1

10
2

N

10 15 20 25 30
B-O3 [ppm]

0

10

20

30

40

50

la
nd

 [h
]

y = 188.72x-3305.91; R = -0.13; p = 0.00 

10
0

10
1

10
2

N

10 15 20 25 30
B-O3 [ppm]

0

10

20

30

40

50

60

70

fre
e 

[h
]

y = 17.27x-246.77; R = 0.25; p = 0.00 

10
0

10
1

10
2

N

10 15 20 25 30
B-O3 [ppm]

10000

15000

20000

25000

30000

35000

R
ad

 [k
J/

m
2 ]

y = 2187.00x-13331.29; R = -0.18; p = 0.00 

10
0

10
1

N

10 15 20 25 30
B-O3 [ppm]

235

240

245

250

255

260

265

270

T t
ra

j [
K]

y = -2.44x+302.42; R = -0.37; p = 0.00 

10
0

10
1

N

10 15 20 25
B-O3 [ppm]

250

500

750

1000

1250

1500

1750

h m
l [

m
]

y = 140.45x-1551.57; R = 0.07; p = 0.07 

10
0

10
1

N

10 15 20 25 30
B-O3 [ppm]

10.0

12.5

15.0

17.5

20.0

22.5

25.0

27.5

O
3 

[p
pm

]

y = 0.92x+2.95; R = 0.92; p = 0.00 

10
0

2 × 10
0

3 × 10
0

4 × 10
0N

10 15 20 25
B-O3 [ppm]

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

v 
[m

/s
]

y = 0.63x-3.64; R = 0.26; p = 0.00 

10
0

2 × 10
0

3 × 10
0

4 × 10
0

N

10 15 20 25
B-O3 [ppm]

960

970

980

990

1000

p 
[h

Pa
]

y = 22.26x+625.73; R = 0.06; p = 0.37 

10
0

2 × 10
0

3 × 10
0

4 × 10
0

6 × 10
0N

10 15 20 25
B-O3 [ppm]

60

65

70

75

80

85

90

95

100

R
H

 [\
%

]

y = -4.06x+146.43; R = -0.30; p = 0.00 

10
0

2 × 10
0

3 × 10
0

4 × 10
0

N

10 15 20 25
B-O3 [ppm]

257.5

260.0

262.5

265.0

267.5

270.0

272.5

T 
[K

]

y = -0.65x+278.00; R = -0.38; p = 0.00 

10
0

2 × 10
0

3 × 10
0

4 × 10
0

N

10 15 20 25
B-O3 [ppm]

0.6

0.4

0.2

0.0

0.2

0.4

0.6

T 
[K

]

y = 0.01x-0.19; R = 0.20; p = 0.00 

10
0

2 × 10
0

3 × 10
0

4 × 10
0

6 × 10
0

N

0 20 40 60
ice [h]

0

5

10

15

20

25

30

v i
ce

 [k
m

/h
]

y = -0.11x+11.79; R = -0.23; p = 0.00 

10
0

10
1

10
2

10
3

N

0 20 40
ice [h]

0

10

20

30

40

50

60

wa
te

r [
h]

y = 1.36x-1.33; R = 0.29; p = 0.00 

10
1

10
2

10
3

10
4

10
5

N

0 20 40
ice [h]

0

10

20

30

40

50

60

la
nd

 [h
]

y = 5.92x-16.23; R = 0.05; p = 0.00 

10
0

10
1

10
2

10
3

10
4

10
5

N

Figure S4: Correlations plots for parameters observed at NM during NDJ (continued)
.
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Figure S4: Correlations plots for parameters observed at NM during NDJ (continued)
.
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Figure S4: Correlations plots for parameters observed at NM during NDJ (continued)
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Figure S4: Correlations plots for parameters observed at NM during NDJ (continued)
.
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Figure S4: Correlations plots for parameters observed at NM during NDJ (continued)
.
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Figure S5: Correlations plots for parameters observed at NM during FMA. Each plot shows the correlation of a pair
of parameters. The colour in each hexagon corresponds to the number of data points in this area (logarithmic colour
scale). Note that BrO and aerosols are in logarithmic scale. Slope, intercept, PCC and p-value are listed in the subfigure
titles.The linear fits are shown as black lines.For a description of the variables see Tables 4 and 5 in the main paper.
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Figure S5: Correlations plots for parameters observed at NM during FMA (continued)
.
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Figure S6: Correlations plots for parameters observed at AH during ASO. Each plot shows the correlation of a pair
of parameters. The colour in each hexagon corresponds to the number of data points in this area (logarithmic colour
scale). Note that BrO and aerosols are in logarithmic scale. Slope, intercept, PCC and p-value are listed in the subfigure
titles.The linear fits based on orthogonal distance regression are shown as black lines.For a description of the variables
see Tables 4 and 5 in the main paper.
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Figure S6: Correlations plots for parameters observed at AH during ASO (continued)
.
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Figure S6: Correlations plots for parameters observed at AH during ASO (continued)
.

23



AH ASO correlations

0 20 40 60
free [h]

10

15

20

25

30

35

O
3 

[p
pm

]

y = 0.03x+28.08; R = 0.14; p = 0.02 

10
0

10
1

N

0 20 40 60
free [h]

0

5

10

15

20

v 
[m

/s
]

y = -0.03x+10.14; R = -0.06; p = 0.00 

10
0

10
1

10
2

10
3

N

0 20 40 60
free [h]

960

970

980

990

1000

1010

1020

p 
[h

Pa
]

y = 0.19x+976.04; R = 0.11; p = 0.00 

10
0

10
1

10
2

10
3

N

0 20 40 60
free [h]

30

40

50

60

70

80

90

R
H

 [\
%

]

y = -0.54x+100.64; R = -0.22; p = 0.00 

10
0

10
1

10
2

N

0 20 40 60
free [h]

235

240

245

250

255

260

265

T 
[K

]

y = -0.06x+254.67; R = -0.13; p = 0.00 

10
0

10
1

10
2

N

0 20000 40000 60000
Rad [kJ/m2]

220

230

240

250

260
T t

ra
j [

K]

y = 0.00x+244.99; R = 0.21; p = 0.00 

10
0

10
1

10
2

10
3

10
4

N

0 20000 40000 60000
Rad [kJ/m2]

0

250

500

750

1000

1250

1500

h m
l [

m
]

y = -0.00x+458.56; R = -0.06; p = 0.00 

10
0

10
1

10
2

10
3

N

0 20000 40000 60000
Rad [kJ/m2]

10

15

20

25

30

35

O
3 

[p
pm

]

y = -0.00x+34.24; R = -0.66; p = 0.00 

10
0

10
1

N

0 20000 40000 60000
Rad [kJ/m2]

0

5

10

15

20

v 
[m

/s
]

y = -0.00x+9.03; R = -0.10; p = 0.00 

10
0

10
1

10
2

N

0 20000 40000 60000
Rad [kJ/m2]

960

970

980

990

1000

1010

1020

p 
[h

Pa
]

y = -0.00x+988.52; R = -0.11; p = 0.00 

10
0

10
1

10
2

N

0 20000 40000 60000
Rad [kJ/m2]

30

40

50

60

70

80

90

R
H

 [\
%

]

y = -0.00x+69.11; R = -0.11; p = 0.00 

10
0

10
1

10
2

10
3N

0 20000 40000 60000
Rad [kJ/m2]

235

240

245

250

255

260

265

T 
[K

]

y = 0.00x+248.21; R = 0.47; p = 0.00 

10
0

10
1

10
2

N

230 240 250 260
Ttraj [K]

0

200

400

600

800

1000

1200

1400

1600

h m
l [

m
]

y = 107.48x-26641.46; R = 0.39; p = 0.00 

10
0

10
1

10
2

N

220 230 240 250 260
Ttraj [K]

10

15

20

25

30

35

O
3 

[p
pm

]

y = -0.41x+131.23; R = -0.21; p = 0.00 

10
0

10
1

N

230 240 250 260
Ttraj [K]

0

5

10

15

20

v 
[m

/s
]

y = 0.29x-63.56; R = 0.13; p = 0.00 

10
0

10
1

10
2

N

230 240 250 260
Ttraj [K]

960

970

980

990

1000

1010

1020

p 
[h

Pa
]

y = -8.61x+3104.78; R = -0.12; p = 0.00 

10
0

10
1

10
2

N

230 240 250 260
Ttraj [K]

30

40

50

60

70

80

90

R
H

 [\
%

]

y = 6.40x-1506.03; R = 0.22; p = 0.00 

10
0

10
1

10
2

N

230 240 250 260
Ttraj [K]

235

240

245

250

255

260

265

T 
[K

]

y = 0.87x+36.58; R = 0.62; p = 0.00 

10
0

10
1

10
2

N

0 200 400 600 800
hml [m]

5

10

15

20

25

30

35

O
3 

[p
pm

]

y = -0.01x+31.49; R = -0.37; p = 0.00 

10
0

10
1

2 × 10
0

3 × 10
0

4 × 10
0

6 × 10
0

N

0 250 500 750 1000 1250
hml [m]

0

5

10

15

20

v 
[m

/s
]

y = 0.01x+5.56; R = 0.34; p = 0.00 

10
0

10
1

10
2

N

0 500 1000
hml [m]

960

970

980

990

1000

1010

1020

p 
[h

Pa
]

y = -0.01x+987.06; R = -0.16; p = 0.00 

10
0

10
1

10
2

N

0 250 500 750 1000 1250
hml [m]

30

40

50

60

70

80

90

R
H

 [\
%

]

y = 0.01x+68.54; R = 0.22; p = 0.00 

10
0

10
1

10
2

N

0 500 1000
hml [m]

235

240

245

250

255

260

265

T 
[K

]

y = 0.01x+249.76; R = 0.25; p = 0.00 

10
0

10
1

10
2

N

10 20 30
O3 [ppm]

0

5

10

15

20

v 
[m

/s
]

y = 0.33x-2.44; R = 0.17; p = 0.03 

10
0

2 × 10
0

3 × 10
0

4 × 10
0

N

Figure S6: Correlations plots for parameters observed at AH during ASO (continued)
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Figure S6: Correlations plots for parameters observed at AH during ASO (continued)
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Figure S7: Correlations plots for parameters observed at AH during NDJ. Each plot shows the correlation of a pair
of parameters. The colour in each hexagon corresponds to the number of data points in this area (logarithmic colour
scale). Note that BrO and aerosols are in logarithmic scale. Slope, intercept, PCC and p-value are listed in the subfigure
titles.The linear fits based on orthogonal distance regression are shown as black lines.For a description of the variables
see Tables 4 and 5 in the main paper.
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Figure S8: Correlations plots for parameters observed at AH during FMA. Each plot shows the correlation of a pair
of parameters. The colour in each hexagon corresponds to the number of data points in this area (logarithmic colour
scale). Note that BrO and aerosols are in logarithmic scale. Slope, intercept, PCC and p-value are listed in the subfigure
titles.The linear fits based on orthogonal distance regression are shown as black lines.For a description of the variables
see Tables 4 and 5 in the main paper.
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Figure S8: Correlations plots for parameters observed at AH during FMA (continued)
.
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Figure S8: Correlations plots for parameters observed at AH during FMA (continued)
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.

35



Br
O

Ae
r

B-
O

3
ice v i
ce wa

te
r

la
nd

fre
e

R
ad

T t
ra

j
h m

l
O

3
Br Br

/N
a

v p R
H

T T

BrO
Aer

B-O3
ice

vice
water
land
free

Rad
Ttraj
hml
O3

Br
Br/Na

v
p

RH
T
T

ASO

BrO
Aer

B-O3
ice

vice
water
land
free

Rad
Ttraj
hml
O3

Br
Br/Na

v
p

RH
T
T

NDJ

Br
O

Ae
r

B-
O

3
ice v i
ce

wa
te

r
la

nd fre
e

R
ad

T t
ra

j
h m

l
O

3
Br Br
/N

a v p
R

H T T

BrO
Aer

B-O3
ice

vice
water
land
free

Rad
Ttraj
hml
O3

Br
Br/Na

v
p

RH
T
T

FMA

0.0 0.2 0.4 0.6 0.8 1.0

p-value

NM p-value matrix

Br
O

Ae
r

B-
O

3
ice v i
ce wa

te
r

la
nd

fre
e

R
ad

T t
ra

j
h m

l
O

3
Br Br

/N
a

v p R
H

T T

BrO
Aer
B-O3

ice
vice

water
land
free

Rad
Ttraj
hml
O3
Br
Br/Na
v
p
RH
T

T

ASO

BrO
Aer
B-O3

ice
vice

water
land
free

Rad
Ttraj
hml
O3
Br
Br/Na
v
p
RH
T

T

NDJ

Br
O

Ae
r

B-
O

3
ice v i
ce

wa
te

r
la

nd fre
e

R
ad

T t
ra

j
h m

l
O

3
Br Br
/N

a v p
R

H T T
BrO
Aer
B-O3

ice
vice

water
land
free

Rad
Ttraj
hml
O3
Br
Br/Na
v
p
RH
T

T

FMA

0.0 0.2 0.4 0.6 0.8 1.0

p-value

AH p-value matrix

Figure S9: P-values of the regression analysis, corresponding to the correlation coefficients shown in Figure 10 of the
main paper.
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3 Source-Receptor Maps
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Figure S10: Source-receptor maps of BrO at NM during NDJ, together with source-receptor maps of mean aerosol
extinction, wind speed, wind direction and air mass age, as well total number of air parcels, within each 1◦ × 1◦ grid cell.
The thick grey line indicates the mean location of the sea ice edge during NDJ. The wind direction plot also contains
average stream lines of the air flow (red lines with arrows). The yellow dot indicates the location of the measurement
site.
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Figure S11: Same as Figure S9, but for AH during NDJ.
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Figure S12: Same as Figure S9, but for NM during FMA.
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Figure S13: Same as Figure S9, but for AH during FMA.
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4 Multi-annual variability of BrO and Aerosols
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Figure S14: Multi-annual variation of the BrO VCD (top), AOD (centre) and sea ice contact time (bottom) at NM during
ASO.
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Figure S15: Same as Figure S15, but for AH.
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