
manuscript submitted to Geophysical Research Letters

(a) 10 April 2020 (b) 15 April 2020

 1
50

°  W

 1
2
0

°  W

  9
0

°
 W

  6
0

°
 W

  30 °

 W

   0
°

  3
0

°  E

  
6
0

°  E

  
9

0
°
 E

 1
2
0
°

 E

 150 °

 E

 180
°
 E

 90
°
 N

 75
°
 N

 60
°
 N

 45
°
 N

 30
°
 N

 15
°
 N

 1
50

°  W

 1
2
0

°  W

  9
0

°
 W

  6
0

°
 W

  30 °

 W

   0
°

  3
0

°  E

  
6
0

°  E

  
9

0
°
 E

 1
2
0
°

 E

 150 °

 E

 180
°
 E

 90
°
 N

 75
°
 N

 60
°
 N

 45
°
 N

 30
°
 N

 15
°
 N

(c) 18 April 2020 (d) 22 April 2020
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Figure 3. Panels (a)-(d) display backward parcel trajectories at 530K that are initialized on 22

April 2020. Orange color identifies parcels that on 22 April, have O3 values between the lower 10%

and 2% for the level. Light blue color identifies parcels on 22 April have O3 values in the lower 2%

for the level. Blue and red color identifies the same parcels as in figure 2.In the panels, black lines

correspond to large values of �∇M�, i.e. approximately the manifolds. Black lines approximate the

manifolds. M is calculated with τ = 10 days, i.e. in 20-day intervals centered on 10 April 00:00:00

(a), 15 April 00:00:00 (b), 18 April 00:00:00 (c), 22 April 00:00:00 (d). Panels (e)-(f) show the time

series of mean potential vorticity and ozone mass mixing ratio for the sets of parcels.
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