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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 Frief3 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.



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.



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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Figure S3: Correlations plots for parameters observed at NM during ASO (continued)
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Figure S3: Correlations plots for parameters observed at NM during ASO (continued)
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Figure S3: Correlations plots for parameters observed at NM during ASO (continued)
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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
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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 S5: Correlations plots for parameters observed at NM during FMA (continued)

17

—— e
3, 3 3 3

N
10
10°
|
10
10°



y = 3304.69x+8914.82; R = -0.07; p = 0.00
N

20000 10
& 15000 - 10°
£
2 :
3 10000 | 10
(4

5000 | 10

T T
20 40 60

Twater [N]

y = 0.04x+8.69; R = 0.06; p = 0.00

v [m/s]
o . N
o oo o°5 & 3
| 1 1 1 |
o ' ‘

T
20 40 60
Twater [N]

=-0.01x+0.83; R = -0.08; p = 0.00

. =
3, & 3 3 8

T T
20 40 60
Twater [N]

o

y =-139.69x+1914.72; R = -0.18; p = 0.00

N
1600 |
1400 10°
1200
E 1000 - 10°
€
£
10'
10°
T
20 40
Tiand [h]
y =0.69x+68.68; R = 0.18; p = 0.00
100 N
10°
10°
IS
g
I
4
40 10"
20
10°
T T T T
0 20 40 60
Tiana [h]
y = -0.20x+268.75; R = -0.44; p = 0.00
N
270 10*
5
260 -| 10
€
z 2
+ 250 - o
10'
240
10°
T T T T
0 20 40 60
Tiree [M]

Tiraj [K]

p [hPa]

Tiree [N]

O3 [ppm]

TIK

Hemi [m]

NM FMA correlations

y = 0.37x+254.59; R = 0.55; p = 0.00

270
260
250 +
240 +
T T T T
0 20 40 60
Twater [N]

y =-0.12x+980.72; R = -0.08; p = 0.00

1000

990 +
L

980 —

970 H

960

T T T
20 40 60
Twater [h]

o

y =-4.31x+82.54; R = -0.42; p = 0.00
N
N

N

P T - ]
o © 3 & 5 & 3 o
TR S T S S S S
i L ¢

T y T
10 20 30 40
Tiand [h]

o
a
3

y = 0.02x+20.63; R = 0.06; p = 0.00
30.0 4

27.54
25.0
225
20.0
17.5
15.0 -

12.5

o
N
S
IS
S
@
3

Tiand [h]

y =0.14x+258.47; R = 0.19; p = 0.00

270

265

260

255

250

245

240

Tiang [h]

y = 157.94x-5168.69; R = -0.04; p = 0.00

N
1600
1400
1200
1000
800
600
400
200
T T T T

0 20 40 60
Tiree [N]

N
10°
10°
10°
4
10
10°
N
10°
10°
10’
10°

y =71.21x-812.01; R =0.21; p = 0.00

N
10°
10°
10'
10°
N
10°
10°
10'
10°

y =1271.63x+4614.58; R = 0.03; p = 0.00

N
10*
10°
10
10’

1600
1400
1200
1000

At [m]

800
600
400 +
200 +

T T T
20 40 60
Twater [N]

y =0.68x+76.91; R=0.21; p = 0.00

v

100

T T
0 20 40 60
Twater [N]

Rad [kJ/m?]

Tiana [h]

=0.03x+8.43; R = 0.04; p = 0.00

Tiand [h]

=-0.01x+1.03; R =-0.12; p = 0.00

N
7
10°
10°
2 10'
.
0 10°
T T T T
0 20 40 60
Tiang [N]
y = 0.04x+19.16; R = 0.21; p = 0.00
300
275 102
25.0 ’ \
T 2254
g
£ 200 '
5 10
17.5 P
15.0 -
12,5+ )
T T T T
0 20 40 60
Tiree [h]

y =-0.02x+21.09; R =-0.07; p = 0.00

30.0

2754

25.0

2254

20.0

17.5 4

15.0

12.5
T T T T
0 20 40 60

Twater [N]

O3 [ppm]

N
10°
10'
10°
N
10°
10°
4
10
10°

y =0.18x+260.01; R = 0.24; p = 0.00

240 ; ;
20 40 60
Twater [h]

y = 0.09x+256.63; R = 0.02; p = 0.0

0
N
270 | 1o
260 -| 10°
€
g 2
250 10
10'
240
q 10°
T T T
0 20 40
Tiand [h]
y = -0.12x+982.16; R = -0.07; p = 0.00
N
1000
990 -| o
§ 980
=
Q 1
970 | °
960 -|
10°
T T 7 T
0 20 40 60
Tiand [h]
y = 2285.87x+11477.29; R = -0.02; p = 0.00
N
.
20000 0
& 15000 - 10°
£
2
E 10000 - 107
5000 |
10
o
T T T T
0 20 40 60
Tiree [M]
y =-0.02x+9.76; R = -0.05; p = 0.00
25 -]
20| < o
w
E 154
N
10 10'
5
10°
0 T T T T
0 20 40 60

Tiree [N]

Figure S5: Correlations plots for parameters observed at NM during FMA (continued)

18



y =0.07x+976.74; R = 0.12; p = 0.00

1000

990

980

w
o

=
Q

970

960

T T
20 40 60
Tiree [N]

o

y =0.00x+254.61; R = 0.23; p = 0.00

270 A

260

1< 250 o

240

T
20000

T
10000
Rad [kJ/m?]

y =0.00x+980.13; R = 0.01; p = 0.15

1000
990
§ 980
=
Q
970
960 - o
T T T
0 10000 20000
Rad [kJ/m?]
y = 118.05x-30257.33; R = 0.02; p = 0.00
1600 |
1400 |
1200 |
£ 1000 o
£ 800+
600
400
200
T T T T
240 250 260 270
Tiraj [K]
y =3.48x-809.94; R = 0.26; p = 0.00
100 N
I
2
I
©
T
20 250 260 270
Tiraj [K]

y =0.00x+7.61; R = 0.11; p = 0.00

T
1000
Pt [m]

T
500

N
10°
!
10
10°
N
10°
10°
10'
10°
N
10
10'
10°
N
10°
§
10
10°

10°

RH [\%] b ] RH [\%]

O3 [ppm]

TIK

NM FMA correlations

y—-021x+9026 R =-0.26; p = 0.00

10

80

|

TIKI

i

60

40

20

T T
20 40 60
Tiree []

o

y =-0.01x+772.49; R =-0.18; p = 0.00
N

1500

1250

1000

750

500

250

0 5000 10000 15000 20000

Rad [kJ/m?]

y = 0.00x+78.32; R = 0.09; p = 0.00
100

T T T
10000 15000 20000
Rad [kJ/m?]

T
0 5000

y =-0.27x+89.89; R = -0.38; p = 0.00

30.0

275
25.0 1
225
20.0
17.5
15.0 A

12.5

T T T
250 260 270

Tiraj [K]

T
240

y =0.75x+68.32; R = 0.46; p = 0.00

N
270

265

260

255

250

245

240

T T T
250 260 270

Tiraj [K]

T
240

y =-0.00x+980.59; R = -0.04; p = 0.00
N

1000
990 o
§ 980
=
Q
970 o
960 -
T T T T
0 500 1000 1500
Hen [m]

N
10
10°
10'
10°
10°
107
10’
10°
N
10°
10'
10°
N
hm
10°

RH [\%]

y =-0.12x+266.69; R = -0.32; p = 0.00

270

265 4

260

255+

250 +
2454
240
0 20 40 60
Tiree [N]

y =-0.00x+25.58; R = -0.85; p = 0.00

30 N
10°
254
E
g
2 20 §
5 10
15
10°
T T T
0 10000 20000
Rad [kJ/m?]
y = 0.00x+256.16; R = 0.54; p = 0.00
N
270 4
265 -]
10
260 -]
3
~ 255 ,
10
250 -]
245 -]
10°
240 T T
10000 20000
Rad [kJ/m?]

y =-0.28x+80.03; R =-0.13; p = 0.00

N
10°
10'
10°

T T T
250 260 270

Tiraj [K]

T
240

=-0.03x+7.33; R =-0.13; p = 0.00

N

I 3
10

6
107
10'
10°

T T T T
240 250 260 270
Tiraj [K]
y =0.00x+81.84; R = 0.07; p = 0.00
100

90 10°

80 -

70

60 -
10'

50 -

40

30

204 10°

T T T T
0 500 1000 1500
Hei [m]

N
10
10'
10°

TIK]

y =0.01x+0.37; R=0.12; p = 0.00

N
.
3
o 10
5
>
<4 10
=
< 3
2 10’
o
0 10°
T T T T
0 20 60

Tiree [N]

y =-0.00x+10.30; R = -0.18; p = 0.00

-

0 5000 10000 15000 20000
Rad [kJ/m?]

v [m/s]

N
10°
10'
10°

=-0.00x+0.95; R = -0.09; p = 0.00

zAh
P
<
2
0

0 5000 10000 15000 20000
Rad [kJ/m?]

y = 50.26x-11865.86; R = -0.01; p = 010

10°
!

10

10°

240 250 260 270
Tiraj [K]

1000

990

980

p [hPa]

970

960

y =0.00x+19.96; R = 0.15; p = 0.00
[ ]

=

2754

25.0 4

2254

20.0 4

Os [ppm]

17.5

15.0

12.5

T T
1000 1500

Aot [m]

T
0 500

y = 0.00x+260.47; R = 0.12; p = 0.00

N
!
’ 10
10°

0 500

270

265

260

255

250

245

1000
Aen [m]

1500

Figure S5: Correlations plots for parameters observed at NM during FMA (continued)

19



y = 0.00x+0.55; R = 0.03; p = 0.02

AT
o - w -

L i
?o
) =
3 s EX

T T
1000 1500

Heni [m]

0 500

y =-2.35x+310.38; R =-0.51; p = 0.00
270+
265 -

— 260+
<
=
2554
250 4

N
10
ﬁm
10°

245+

T
20
O3 [ppm]

T
15 25

y = 1.42x+248.38; R = 0.27; p = 0.00

N
270
265 o
260
€
255 |
10
250
245 )
10
=0.02x-23.46; R = 0.15; p = 0.00
74
10°
6
57 2
< a4 10
=
< 3
1
2 10
.
0 10°

T T T
980 990 1000

p [hPa]

T
970

Figure S5:

NM FMA correlations

=3.62x-66.97; R = 0.21; p = 0.00

20
O3 [ppm]

25

y = 0.02x+0.46; R = 0.05; p = 0.00

O3 [ppm]

y =-0.10x+1.67; R =-0.39; p = 0.00

270+

265

260

TIKI

255

250 +

245+

T
20

T T T
60 80 100
RH [\%]

T
40

y = 0.33x+234.40; R = 0.39; p = 0.00
N

|

10°

y = 156.76x-2267.10; R = -0.05; p = 0.00

1000
990
& 980
=
Q
970
960
T T T
15 20 25 30
O3 [ppm]
y =-2.80x+1005.03; R = -0.34; p = 0.00
N
1000
990
g 980
<
Q
970
960
y = -1.62x+1670.32; R = -0.20; p = 0.00
100 N
30 -
T T T T T
960 970 980 990 1000
phPal
y =-0.03x+3.02; R = -0.20; p = 0.00
74
6
5
<4
5,
P
14
0
T T T T T
20 40 60 80 100
RH %]

N
H |
10°
10°
|
10
10°

10°

10

y =-8.72x+261.33; R =-0.23; p = 0.00
100

90
80 -

704

RH [\%]

60
50 |
40

304

T T T
20 25

O3 [ppm]

y =4.34x+41.72; R = 0.31; p = 0.00
00

20

T T
20 25

=

T
10

o
o

v [m/s]

y =-0.20x+452.20; R = -0.13; p = 0.00

270

265

260

TIK]

255

250

245

‘
980
pInPal

T
960

T T
260 270

TIKI

T
250

Correlations plots for parameters observed at NM during FMA (continued)

20

y =-0.08x+21.67; R = -0.35; p = 0.00
N

N
10°
10'
10°
N
10°
10’
10°

=



y =9.76x-1.05; R = 0.28; p = 0.00

AH ASO correlations

y =76.78x+9.86; R = 0.17; p = 0.00

N

6

4

3

2

N

N 35
1.0 10° 304
0.1 25 -
- 2
¥ 10 = 204
E 0.01 £ 20
5 0001 =154
|
10 i
0.0001 - 10
1e-05 . ]
10 04
1e-06 T T T T T
001 0.1 1.0 100 0.01 0.1 .
BrO [ppt] BrO [ppt]
y =149.77x+21.15; R = 0.16; p = 0.00 y =-155.80x+49.33; R = -0.20; p = 0.00
N
50 - 10" 70
40 10° 60
50
=304 =
E 10° g 40
90 &
e 30
10 20
o
0 10 10
T
001 1.0 0.01
BrO [ppt] Bro [ppt]
y = 2895.02x+383.85; R = -0.14; p = 0. 00 y = -28.62x+23.64; R = -0.40; p = 0. 00
35
1400
30
1200 | 10°
1000 25
E 500 é 204
< 604 10 &)
15
400
200 1 104
o
o : 10
01 1.0 10.0 01
BrO [ppt] Bl‘O [ppt]
y = 124.75x+80.94; R = 0.24; p = 0.00 y =-37.01x+248.65; R = -0.34; p = 0.00
N
265 |
260
255
€
250
245
240
235
1.0 o
BIO [ppt] BrO [ppt]
y = 144.84x+304.09; R = -0.00; p = 0.87 y =41.12x+91.07; R=0.17; p = 0.00
15.0 -] N,
10 50 |
12.5
3 40
10.0 10
= = 30
Z 75+ 2 s
] 10 3
" 50 27
10'
2.5 10 A
0.0 10° 0
T T T T T T T T T T T T T T
16-061-08.0000.0010.01 0.1 1.0 10.0 16-061€-09.0000.0010.01 0.1 1.0 10.0
Aer [km~1] Aer [km~1]
y = 105.64x+468.86; R = 0.05; p = 0.00 y =-703.21x-173.82; R = -0.18; p = 0.00
N 1500 N
3
i 10
260 1250
250 P 1000
z 10 T
B = 750
= 2404 <
10" 500
230 250
0
10 o

T T T T T T T
1e-061e-08.0000.0010.01 0.1 1.0 10.0

Aer [km™1]

—T T T T T T
1e-08€-06.0000.0010.01 0.1 1.0 10.0
Aer [km™1]

N
10°
10°
10°
10'
10°

x10°

x10°

x10°

x10°

y =311.32x+6.39; R =-0.09; p = 0.00

®
.
4
T T
10.0

BrO [ppt]

30

Vice k]

0.1

y =-23627.33x+40791.59; R = -0.06; p = 0.00
N

60000

50000

40000

30000

Rad [kJ/m?]

20000

10000

0

0.01

BrO [pp‘]

y = 367.71x+27.59; R = 0.09; p = 0.00

)
.

0.1

20

v [mis]

1.0
Bro [ppt]

y =53.23x+113.09; R = 0.07; p = 0.00

35 N o
10°
10°
10'
10°

T T T T T T
1e-061e-08.0000.0010.01 0.1 1.0 10.0
Aer [km~1]

30

58.01x-55.36; R =-0.16; p = 0.00

N
10°
10°
o
10'
10°

T T T T T T
1e-061e-08.0000.0010.01 0.1 1.0 10.0
Aer [km~1]

70

60

50

40

Trree [N]

30

20

104

y--11 35x+4.54; R = -0.23; p = 0.02
N

6x10°
4x10°
3x10°
2x10°
10°

T
1e-08.0F.06-060001000.01 01 1.0
Aer [km™1]

N
10°
10’
10°
10°
10°
10'
10°

N

ﬁw*
10°

y =86.33x+9.76; R = 0.05; p = 0.00

N
14+ o
12
10 10°
£ 5
H 10°
£ 6
4 10'
.
o 10°
T T T
0.01 0.1 X 10.0
BrO [ppt]
y =-158.34x+230.73; R =-0.10; p = 0.00
N
260 -| 10°
o 20 o
= 240
10'
230 -
10°
0.01
BrO [ppl]

y = -95.31x+974.42; R = -0.22; p = 0.00
1010 N
1000

990
& 1
3 10
S 980 %
970
960 | 10
T T T
0.1 . 10.0
BroO [ppt]
y =-25.88x-37.66; R =-0.19; p = 000
30
o
25 102
= 20
£
< 15 )
$ 10
10
5
o
10
0] T T T T T T T
16-061€-08.0000.0010.01 0.1 1.0 10.0
Aer [km™1]
y =-6381.30x+13258.21; R = -0.03; p = 0.00
N
60000 -|
50000
- 10°
E 40000
=2
= 30000
I 1
20000 - °
10000 -
o 10°
T T T T T T T
16-0616-06.0000.0010.01 0.1 1.0 10.0
Aer [km™1]
y = 35.08x+49.96; R = 0.12; p = 0.00
20| 10°
15
©
% 104 10"
5
o 10°

T
10.0

T T T T T T
1e-050.00010.001 0.01 0.1 1.0

Aer [km™1]

Figure S6: Correlations plots for parameters observed at AH during ASO. Each plot shows the correlation of a pair
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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 S7: Correlations plots for parameters observed at AH during NDJ (continued)
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Figure S7: Correlations plots for parameters observed at AH during NDJ (continued)
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Figure S7: Correlations plots for parameters observed at AH during NDJ (continued)
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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
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Figure S8: Correlations plots for parameters observed at AH during FMA (continued)
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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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Figure S8: Correlations plots for parameters observed at AH during FMA (continued)
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Figure S9: P-values of the regression analysis, corresponding to the correlation coefficients shown in Figure 10 of the
main paper.

36



3 Source-Receptor Maps

NM - NDJ source pattern
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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° x 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.

AH - NDJ source pattern

A h
BrO [ppt] ge [hrl

72

60

48

36

24
0

k [km~1] Count

10°

|
f‘ -p 0.04 10%
[ [ [
[ o |
y
\ (. J 1 /} 0.03 103
AT Iy
=

102

10t

10°

Figure S11: Same as Figure S9, but for AH during NDJ.
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NM - FMA source pattern
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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

NM - ASO trend
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Figure S15: Same as Figure S15, but for AH.

40



