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1 Observed change (northern hemisphere)
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Figure S1: Cumulated total change of vortex-averaged ozone mixing ratio for
the northern hemispheric winters 1979/1980–2020/2021 at 70 hPa (layer 1) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1a of the
main manuscript).
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Figure S2: Cumulated total change of vortex-averaged ozone mixing ratio for
the northern hemispheric winters 1979/1980–2020/2021 at 54 hPa (layer 2) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1a of the
main manuscript).



-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 1980

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1981

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1982

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1983

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 1984

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1985

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 1986

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1987

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1988

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 1989

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1990

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1991

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 1992

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1993

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1994

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 1995

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1996

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1997

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1998

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 1999

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 2000

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 2001

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2002

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2003

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2004

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2005

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2006

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2007

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2008

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2009

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2010

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2011

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2012

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2013

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 2014

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2015

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2016

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2017

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Total modelled change 41.6 hPa NH 2018

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2019

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2020

-20 0 20 40 60 80

Day of year

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Total modelled change 41.6 hPa NH 2021

Figure S3: Cumulated total change of vortex-averaged ozone mixing ratio for
the northern hemispheric winters 1979/1980–2020/2021 at 42 hPa (layer 3) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1a of the
main manuscript).
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Figure S4: Cumulated total change of vortex-averaged ozone mixing ratio for
the northern hemispheric winters 1979/1980–2020/2021 at 32 hPa (layer 4) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1a of the
main manuscript).
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Figure S5: Cumulated total change of vortex-averaged ozone mixing ratio for
the northern hemispheric winters 1979/1980–2020/2021 at 24 hPa (layer 5) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1a of the
main manuscript).
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Change by chemistry 69.7 hPa NH 2015
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Change by chemistry 69.7 hPa NH 2018
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Change by chemistry 69.7 hPa NH 2021

Figure S6: Cumulated change by chemistry of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 70 hPa (layer
1) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1c
of the main manuscript).
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Figure S7: Cumulated change by chemistry of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 54 hPa (layer
2) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1c
of the main manuscript).
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Figure S8: Cumulated change by chemistry of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 42 hPa (layer
3) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1c
of the main manuscript).
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Change by chemistry 31.8 hPa NH 2008
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Change by chemistry 31.8 hPa NH 2010
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Change by chemistry 31.8 hPa NH 2011
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Change by chemistry 31.8 hPa NH 2015

-20 0 20 40 60 80

Day of year

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by chemistry 31.8 hPa NH 2016

-20 0 20 40 60 80

Day of year

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by chemistry 31.8 hPa NH 2017

-20 0 20 40 60 80

Day of year

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by chemistry 31.8 hPa NH 2018
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Change by chemistry 31.8 hPa NH 2021

Figure S9: Cumulated change by chemistry of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 32 hPa (layer
4) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1c
of the main manuscript).
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Change by chemistry 24.1 hPa NH 2011
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Change by chemistry 24.1 hPa NH 2015
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Change by chemistry 24.1 hPa NH 2019
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Change by chemistry 24.1 hPa NH 2020
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Change by chemistry 24.1 hPa NH 2021

Figure S10: Cumulated change by chemistry of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 24 hPa (layer
5) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1c
of the main manuscript).
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Figure S11: Cumulated change by transport of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 70 hPa (layer
1) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1e
of the main manuscript).
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Figure S12: Cumulated change by transport of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 54 hPa (layer
2) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1e
of the main manuscript).
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Figure S13: Cumulated change by transport of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 42 hPa (layer
3) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1e
of the main manuscript).
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Figure S14: Cumulated change by transport of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 32 hPa (layer
4) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1e
of the main manuscript).
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Figure S15: Cumulated change by transport of vortex-averaged ozone mixing ra-
tio for the northern hemispheric winters 1979/1980–2020/2021 at 24 hPa (layer
5) simulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1e
of the main manuscript).



4 Fit (northern hemisphere)



500 1000 1500 2000 2500 3000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3

 c
h

a
n

g
e

 p
e

r 
d

a
y
 [

p
p

m
]

69.7 hPa NH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

69.7 hPa NH

500 1000 1500 2000 2500 3000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3

 c
h

a
n

g
e

 p
e

r 
d

a
y
 [

p
p

m
]

54.0 hPa NH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2
O

3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

54.0 hPa NH

500 1000 1500 2000 2500 3000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3

 c
h

a
n

g
e

 p
e

r 
d

a
y
 [

p
p

m
]

41.6 hPa NH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

41.6 hPa NH

500 1000 1500 2000 2500 3000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3

 c
h

a
n

g
e

 p
e

r 
d

a
y
 [

p
p

m
]

31.8 hPa NH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

31.8 hPa NH

500 1000 1500 2000 2500 3000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3

 c
h

a
n

g
e

 p
e

r 
d

a
y
 [

p
p

m
]

24.1 hPa NH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

24.1 hPa NH

Figure S16: Left (cf. Figure 2a of the main manuscript): Concatenated time
series of the change of vortex-averaged ozone mixing ratio by transport per day
for all years in ATLAS-SWIFT (blue) and corresponding fit from the multivari-
ate regression model (red). Right (cf. Figure 2c of the main manuscript): Same
data as a scatter plot.



5 Vortex mean temperatures (northern hemi-
sphere)
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Figure S17: Vortex mean temperatures at the SWIFT levels as a function of day
of year for all individual years from 1979/1980 to 2020/2021 based on ERA5
(grey lines), vortex mean temperature averaged over all years (red) and the
same curve shifted by −4.5 K as an approximation of the lower envelope of the
grey lines (black) (cf. Figure 3a of the main manuscript).



6 Change of ozone versus change of temperature
(northern hemisphere)
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Figure S18: Scatter plot of the change of vortex-averaged ozone mixing ratio
by transport per day for all years in ATLAS-SWIFT and corresponding change
in vortex-averaged temperature per day, corrected for the change in radiative
equilibrium temperature (cf. Figure 4a of the main manuscript).



7 Validation of the transport term (northern
hemisphere)
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Figure S19: Cumulated vortex-averaged ozone change by transport at 70 hPa
(layer 1) for the northern hemispheric winters 1979/1980–2020/2021 (blue) and
a simulation of the cumulated change by transport by a stand-alone version
of the transport parameterization (red). The thin grey line shows a simulation
with only the constant term, and the thin black line shows a simulation with the
constant and temperature-dependent term, but without subtracting the change
of the radiative equilibrium temperature from the vortex-averaged temperature
change (cf. Figure 5a of the main manuscript).
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Figure S20: Cumulated vortex-averaged ozone change by transport at 54 hPa
(layer 2) for the northern hemispheric winters 1979/1980–2020/2021 (blue) and
a simulation of the cumulated change by transport by a stand-alone version
of the transport parameterization (red). The thin grey line shows a simulation
with only the constant term, and the thin black line shows a simulation with the
constant and temperature-dependent term, but without subtracting the change
of the radiative equilibrium temperature from the vortex-averaged temperature
change (cf. Figure 5a of the main manuscript).
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Figure S21: Cumulated vortex-averaged ozone change by transport at 42 hPa
(layer 3) for the northern hemispheric winters 1979/1980–2020/2021 (blue) and
a simulation of the cumulated change by transport by a stand-alone version
of the transport parameterization (red). The thin grey line shows a simulation
with only the constant term, and the thin black line shows a simulation with the
constant and temperature-dependent term, but without subtracting the change
of the radiative equilibrium temperature from the vortex-averaged temperature
change (cf. Figure 5a of the main manuscript).
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Figure S22: Cumulated vortex-averaged ozone change by transport at 32 hPa
(layer 4) for the northern hemispheric winters 1979/1980–2020/2021 (blue) and
a simulation of the cumulated change by transport by a stand-alone version
of the transport parameterization (red). The thin grey line shows a simulation
with only the constant term, and the thin black line shows a simulation with the
constant and temperature-dependent term, but without subtracting the change
of the radiative equilibrium temperature from the vortex-averaged temperature
change (cf. Figure 5a of the main manuscript).
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Figure S23: Cumulated vortex-averaged ozone change by transport at 24 hPa
(layer 5) for the northern hemispheric winters 1979/1980–2020/2021 (blue) and
a simulation of the cumulated change by transport by a stand-alone version
of the transport parameterization (red). The thin grey line shows a simulation
with only the constant term, and the thin black line shows a simulation with the
constant and temperature-dependent term, but without subtracting the change
of the radiative equilibrium temperature from the vortex-averaged temperature
change (cf. Figure 5a of the main manuscript).
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Figure S24: Left (cf. Figure 6a of the main manuscript): Vortex-averaged
ozone simulated by the stand-alone Polar SWIFT model for the date of vor-
tex breakup in the northern hemisphere for different years. Ozone mixing ratios
simulated without the transport parameterization (blue), ozone mixing ratios
simulated with only the ”constant change” term of the transport parameteri-
zation (brown), ozone mixing ratios simulated with the full transport param-
eterization with the ”constant change” term and temperature-dependent term
(green), and corresponding measurements of ozone from the MLS instrument
(red). Middle (cf. Figure 7a of the main manuscript): Scatter plot of the same
data (”constant change” term and temperature-dependent term). Right: Scat-
ter plot of the same data (only ”constant change” term).
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Figure S25: Left: Difference of cumulated vortex-averaged ozone change by
transport at vortex break up between the transport parameterization and
ATLAS-SWIFT for the northern hemispheric winters 1979/1980–2020/2021.
Right: The difference from the left column divided by the ozone that is simu-
lated (green) or observed by MLS (red) at this day.
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Figure S26: Cumulated total change of vortex-averaged ozone mixing ratio for
the southern hemispheric winters 1980–2021 at 70 hPa (layer 1) simulated by
ATLAS-SWIFT as a function of the day of year (cf. Figure 1b of the main
manuscript).
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Figure S27: Cumulated total change of vortex-averaged ozone mixing ratio for
the southern hemispheric winters 1980–2021 at 54 hPa (layer 2) simulated by
ATLAS-SWIFT as a function of the day of year (cf. Figure 1b of the main
manuscript).
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Figure S28: Cumulated total change of vortex-averaged ozone mixing ratio for
the southern hemispheric winters 1980–2021 at 42 hPa (layer 3) simulated by
ATLAS-SWIFT as a function of the day of year (cf. Figure 1b of the main
manuscript).
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Figure S29: Cumulated total change of vortex-averaged ozone mixing ratio for
the southern hemispheric winters 1980–2021 at 32 hPa (layer 4) simulated by
ATLAS-SWIFT as a function of the day of year (cf. Figure 1b of the main
manuscript).
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Figure S30: Cumulated total change of vortex-averaged ozone mixing ratio for
the southern hemispheric winters 1980–2021 at 24 hPa (layer 5) simulated by
ATLAS-SWIFT as a function of the day of year (cf. Figure 1b of the main
manuscript).
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Figure S31: Cumulated change by chemistry of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 70 hPa (layer 1) simu-
lated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1d of the
main manuscript).
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Figure S32: Cumulated change by chemistry of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 54 hPa (layer 2) simu-
lated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1d of the
main manuscript).
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Figure S33: Cumulated change by chemistry of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 42 hPa (layer 3) simu-
lated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1d of the
main manuscript).
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Figure S34: Cumulated change by chemistry of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 32 hPa (layer 4) simu-
lated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1d of the
main manuscript).
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Change by chemistry 24.1 hPa SH 2008
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Change by chemistry 24.1 hPa SH 2009
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Change by chemistry 24.1 hPa SH 2010
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Change by chemistry 24.1 hPa SH 2011
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Change by chemistry 24.1 hPa SH 2012

150 200 250 300

Day of year

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by chemistry 24.1 hPa SH 2013
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Change by chemistry 24.1 hPa SH 2014
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Change by chemistry 24.1 hPa SH 2015
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Change by chemistry 24.1 hPa SH 2016
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Change by chemistry 24.1 hPa SH 2017
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Change by chemistry 24.1 hPa SH 2018
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Change by chemistry 24.1 hPa SH 2019
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Change by chemistry 24.1 hPa SH 2020

150 200 250 300

Day of year

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by chemistry 24.1 hPa SH 2021

Figure S35: Cumulated change by chemistry of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 24 hPa (layer 5) simu-
lated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1d of the
main manuscript).
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Change by transport 69.7 hPa SH 1980
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Change by transport 69.7 hPa SH 1981
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Change by transport 69.7 hPa SH 1982
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Change by transport 69.7 hPa SH 1983
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Change by transport 69.7 hPa SH 1984
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Change by transport 69.7 hPa SH 1985
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Change by transport 69.7 hPa SH 1986
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Change by transport 69.7 hPa SH 1987
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Change by transport 69.7 hPa SH 1988
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Change by transport 69.7 hPa SH 1989
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Change by transport 69.7 hPa SH 1990
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Change by transport 69.7 hPa SH 1991
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Change by transport 69.7 hPa SH 1992
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Change by transport 69.7 hPa SH 1993
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Change by transport 69.7 hPa SH 1994
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Change by transport 69.7 hPa SH 1995
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Change by transport 69.7 hPa SH 1996
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Change by transport 69.7 hPa SH 1997
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Change by transport 69.7 hPa SH 1998
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Change by transport 69.7 hPa SH 1999
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Change by transport 69.7 hPa SH 2000
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Change by transport 69.7 hPa SH 2001
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Change by transport 69.7 hPa SH 2002
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Change by transport 69.7 hPa SH 2003
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Change by transport 69.7 hPa SH 2004
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Change by transport 69.7 hPa SH 2005
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Change by transport 69.7 hPa SH 2006

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 69.7 hPa SH 2007
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Change by transport 69.7 hPa SH 2008
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Change by transport 69.7 hPa SH 2009
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Change by transport 69.7 hPa SH 2010
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Change by transport 69.7 hPa SH 2011
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Change by transport 69.7 hPa SH 2012
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Change by transport 69.7 hPa SH 2013
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Change by transport 69.7 hPa SH 2014
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Change by transport 69.7 hPa SH 2015
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Figure S36: Cumulated change by transport of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 70 hPa (layer 1) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1f of the
main manuscript).
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Figure S37: Cumulated change by transport of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 54 hPa (layer 2) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1f of the
main manuscript).
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Figure S38: Cumulated change by transport of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 42 hPa (layer 3) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1f of the
main manuscript).
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Figure S39: Cumulated change by transport of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 32 hPa (layer 4) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1f of the
main manuscript).



150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1980

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1981

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1982

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1983

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1984

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1985

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1986

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1987

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1988

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1989

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1990

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1991

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1992

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1993

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1994

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1995

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 1996

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 1997

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1998

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 1999

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 2000

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2001

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 2002

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2003

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2004

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2005

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2006

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2007

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2008

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2009

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2010

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2011

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2012

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2013

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2014

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2015

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 2016

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 2017

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]

Change by transport 24.1 hPa SH 2018

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 2019

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u
m

u
la

te
d
 O

3
 c

h
a
n
g
e
 [
p
p
m

]

Change by transport 24.1 hPa SH 2020

150 200 250 300

Day of year

-1.5

-1

-0.5

0

0.5

1

1.5

2

C
u

m
u

la
te

d
 O

3
 c

h
a

n
g

e
 [

p
p

m
]
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Figure S40: Cumulated change by transport of vortex-averaged ozone mixing
ratio for the southern hemispheric winters 1980–2021 at 24 hPa (layer 5) sim-
ulated by ATLAS-SWIFT as a function of the day of year (cf. Figure 1f of the
main manuscript).



13 Fit (southern hemisphere)



1000 2000 3000 4000 5000 6000 7000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

]

69.7 hPa SH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

69.7 hPa SH

1000 2000 3000 4000 5000 6000 7000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

]

54.0 hPa SH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2
O

3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

54.0 hPa SH

1000 2000 3000 4000 5000 6000 7000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

]

41.6 hPa SH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

41.6 hPa SH

1000 2000 3000 4000 5000 6000 7000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

]

31.8 hPa SH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

31.8 hPa SH

1000 2000 3000 4000 5000 6000 7000

Index

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

]

24.1 hPa SH

O3 change by transport per day

Fit

-0.2 -0.1 0 0.1 0.2

O3 change per day [ppm] (ATLAS)

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

O
3
 c

h
a
n
g
e
 p

e
r 

d
a
y
 [
p
p
m

] 
(F

it
)

24.1 hPa SH

Figure S41: Left (cf. Figure 2b of the main manuscript): Concatenated time
series of the change of vortex-averaged ozone mixing ratio by transport per day
for all years in ATLAS-SWIFT (blue) and corresponding fit from the multivari-
ate regression model (red). Right (cf. Figure 2d of the main manuscript): Same
data as a scatter plot.



14 Vortex mean temperatures (southern hemi-
sphere)
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Figure S42: Vortex mean temperatures at the SWIFT levels as a function of
day of year for all individual years from 1980 to 2021 based on ERA5 (grey
lines), vortex mean temperature averaged over all years (red) and the same
curve shifted by −2.5 K as an approximation of the lower envelope of the grey
lines (black) (cf. Figure 3b of the main manuscript).



15 Change of ozone versus change of tempera-
ture (southern hemisphere)
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Figure S43: Scatter plot of the change of vortex-averaged ozone mixing ratio
by transport per day for all years in ATLAS-SWIFT and corresponding change
in vortex-averaged temperature per day, corrected for the change in radiative
equilibrium temperature (cf. Figure 4b of the main manuscript).



16 Validation of the transport term (southern
hemisphere)
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Figure S44: Cumulated vortex-averaged ozone change by transport at 70 hPa
(layer 1) for the southern hemispheric winters 1980–2021 (blue) and a simulation
of the cumulated change by transport by a stand-alone version of the transport
parameterization (red). The thin grey line shows a simulation with only the
constant term, and the thin black line shows a simulation with the constant
and temperature-dependent term, but without subtracting the change of the
radiative equilibrium temperature from the vortex-averaged temperature change
(cf. Figure 5b of the main manuscript).
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Figure S45: Cumulated vortex-averaged ozone change by transport at 54 hPa
(layer 2) for the southern hemispheric winters 1980–2021 (blue) and a simulation
of the cumulated change by transport by a stand-alone version of the transport
parameterization (red). The thin grey line shows a simulation with only the
constant term, and the thin black line shows a simulation with the constant
and temperature-dependent term, but without subtracting the change of the
radiative equilibrium temperature from the vortex-averaged temperature change
(cf. Figure 5b of the main manuscript).
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Figure S46: Cumulated vortex-averaged ozone change by transport at 42 hPa
(layer 3) for the southern hemispheric winters 1980–2021 (blue) and a simulation
of the cumulated change by transport by a stand-alone version of the transport
parameterization (red). The thin grey line shows a simulation with only the
constant term, and the thin black line shows a simulation with the constant
and temperature-dependent term, but without subtracting the change of the
radiative equilibrium temperature from the vortex-averaged temperature change
(cf. Figure 5b of the main manuscript).
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Figure S47: Cumulated vortex-averaged ozone change by transport at 32 hPa
(layer 4) for the southern hemispheric winters 1980–2021 (blue) and a simulation
of the cumulated change by transport by a stand-alone version of the transport
parameterization (red). The thin grey line shows a simulation with only the
constant term, and the thin black line shows a simulation with the constant
and temperature-dependent term, but without subtracting the change of the
radiative equilibrium temperature from the vortex-averaged temperature change
(cf. Figure 5b of the main manuscript).
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Figure S48: Cumulated vortex-averaged ozone change by transport at 24 hPa
(layer 5) for the southern hemispheric winters 1980–2021 (blue) and a simulation
of the cumulated change by transport by a stand-alone version of the transport
parameterization (red). The thin grey line shows a simulation with only the
constant term, and the thin black line shows a simulation with the constant
and temperature-dependent term, but without subtracting the change of the
radiative equilibrium temperature from the vortex-averaged temperature change
(cf. Figure 5b of the main manuscript).



17 Validation of the complete SWIFT model (south-
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Figure S49: Left (cf. Figure 6b of the main manuscript): Vortex-averaged
ozone simulated by the stand-alone Polar SWIFT model for the date of vor-
tex breakup in the southern hemisphere for different years. Ozone mixing ratios
simulated without the transport parameterization (blue), ozone mixing ratios
simulated with only the ”constant change” term of the transport parameteri-
zation (brown), ozone mixing ratios simulated with the full transport param-
eterization with the ”constant change” term and temperature-dependent term
(green), and corresponding measurements of ozone from the MLS instrument
(red). Middle (cf. Figure 7b of the main manuscript): Scatter plot of the same
data (”constant change” term and temperature-dependent term). Right: Scat-
ter plot of the same data (only ”constant change” term).



18 Difference transport term at vortex breakup
of transport parameterization to ATLAS (north-
ern hemisphere)
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Figure S50: Left: Difference of cumulated vortex-averaged ozone change by
transport at vortex break up between the transport parameterization and
ATLAS-SWIFT for the southern hemispheric winters 1980–2021. Right: The
difference from the left column divided by the ozone that is simulated (green)
or observed by MLS (red) at this day.



19 Fit coefficients with error bars
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