
● ● ● ●

●

●

● ●
●

●
●

●

0
10

0
20

0
30

0
Alert (82.4N, 62.5W, 210m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ● ● ● ● ● ● ● ● ● ●

xeuno

r = 0.652 MBE = −30.2%

●
● ●

●

●

●

● ●
●

●
●

●

0
10

0
20

0
30

0

Barrow (71.3N, 156.6W, 11m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ● ● ● ● ● ●
●

● ● ●

r = −0.0609 MBE = −28.5%

● ● ● ●
●

●
● ● ●

●
●

●

0
10

0
20

0
30

0

Mace Head (53.3N, 9.9W, 25m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ● ● ●
● ● ●

● ●
● ●

r = 0.0659 MBE = −17.1%

● ● ● ●
●

● ● ● ● ●
●

●

0
10

0
20

0
30

0

Park Falls (45.9N, 90.2W, 472m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

●
●

●

●

● ●

●

●

●

●

●

●

r = 0.0179 MBE = 40.9%

●
● ● ●

●
●

● ● ● ● ● ●

0
10

0
20

0
30

0

Niwot Ridge (40.0N, 105.6W, 3475m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

●
●

●
● ●

● ●
●

●
● ● ●

r = −0.375 MBE = 6.33%

●
●

● ● ●

●

● ●
● ●

● ●

0
10

0
20

0
30

0

Tae−ahn Peninsula (36.7N, 126.1E, 20m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ●
● ●

●

●

● ●

●

r = −0.727 MBE = 33.6%

●
● ● ● ●

●
●

● ● ● ● ●

0
10

0
20

0
30

0

Gozo (36.0N, 14.1E)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ● ● ●
●

●

●

●

● ● ●

r = −0.619 MBE = −24.4%

●
● ● ●

●

●
● ● ●

●
● ●

0
10

0
20

0
30

0

Key Biscayne (25.7N, 80.2W, 3m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

●
● ● ●

●
●

●

●
●

●
●

●

r = 0.39 MBE = 39.7%

● ●
● ●

●
●

● ●
● ● ●

●

0
10

0
20

0
30

0

Mauna Loa (19.5N, 155.6W, 3397m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ●
●

●
● ● ● ● ●

● ●

r = 0.885 MBE = −2.77%

● ● ● ●
●

●
● ● ● ●

●
●

0
50

10
0

15
0

20
0

Ragged Point (13.2N, 59.4W, 45m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ●
● ●

●
● ● ●

●
●

●
●

r = 0.29 MBE = −1.93%

●
●

● ●
●

● ● ● ● ●
● ●

0
50

10
0

15
0

20
0

Christmas Island (1.7N, 157.2W, 3m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

●

●
●

●
●

●
●

●

● ● ●
●

r = −0.235 MBE = 30.2%

● ● ● ●
● ● ●

●
● ●

●
●

0
50

10
0

15
0

20
0

Ascension Island (7.9S, 14.4W, 54m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

●

● ●
●

●
●

●
● ● ●

●
●

r = 0.00737 MBE = 37.2%

● ● ● ● ● ● ● ●
●

● ●
●

0
50

10
0

15
0

Samoa (14.2S, 170.5W, 42m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

●

●
●

●
● ●

●
● ●

●

●
●

r = 0.657 MBE = 31.6%

● ● ● ● ●
●

●
●

● ●
●

●

0
50

10
0

15
0

Easter Island (27.1S, 109.4W, 50m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ● ●
●

●
● ●

● ●
●

●

r = 0.948 MBE = 12.6%

● ● ● ●
● ●

● ●
● ●

●
●

0
50

10
0

15
0

Cape Grim (40.7S, 144.7E, 94m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

●
●

● ● ●
●

●
● ● ● ●

●

r = 0.881 MBE = 44%

●
● ● ●

●
●

●
●

● ●
●

●

0
20

40
60

80

Crozet Island (46.5S, 51.8E, 120m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ● ●
●

●
●

● ● ●
●

●

r = 0.962 MBE = 25.9%

● ● ● ●
●

●
●

●
● ●

●

●

0
20

40
60

80

Syowa Station (69.0S, 39.6E, 11m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ●
●

●

●

●
● ● ●

●

●

r = 0.986 MBE = 29.6%

● ● ●
●

●
●

●
●

● ●

●

●

0
20

40
60

80

South Pole (90.0S, 24.8W, 2810m)

C
O

 (
pp

b)

Jan Mar May Jul Sep Nov

● ● ●
●

●

●

●
● ● ●

●

●

r = 0.986 MBE = 30.9%



●●●●
●●●
●●
●●
●●●

●
●
●
●
●
●

●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

20 40 60 80 100 140

0
2

4
6

8
10

INTEX−NA East Coast 2004 07 
 Lat 32.5 − 40 Lon 296.5 − 307

CO (ppb)

A
lti

tu
de

 /k
m

356
290
172
243
206
170
225
133
203
139
222xeuno

Emmons CO comparison

●
●

●
●

●
●

●
●

●
●

●
●
●
●
●
●
●
●
●

20 40 60 80 100 140

0
2

4
6

8
10

INTEX−NA Central 2004 07 
 Lat 30 − 40 Lon 259.5 − 285

CO (ppb)
A

lti
tu

de
 /k

m

384
289
200
213
196
153
211
99
152
84
200

●●●●●●●
●●

●●●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

●

20 40 60 80 100 140

0
2

4
6

8
10

INTEX−NA North East 2004 07 
 Lat 42.5 − 52.5 Lon 285 − 310

CO (ppb)

A
lti

tu
de

 /k
m

459
295
154
208
176
124
174
145
190
254
180

●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

20 40 60 80 100 140

0
2

4
6

8
10

INTEX−NA West Coast 2004 07 
 Lat 32.5 − 45 Lon 217 − 240

CO (ppb)

A
lti

tu
de

 /k
m

21
11
10
10
11
10
19
10
10
16
60

●
●

●
●

●
●
●
●
●
●

●
●

●
●

●
●

●
●
●
●
●
●
●

20 40 60 80 100 140

0
2

4
6

8
10

OP3 2008 07 
 Lat 2.5 − 7.5 Lon 112.5 − 120

CO (ppb)

A
lti

tu
de

 /k
m

218
81
77
94
151
39
51

●●●●
●●●
●●
●●
●●

●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

20 40 60 80 100 140
0

2
4

6
8

10

PEM−Tropics−B Christmas−Island 1999 03 
 Lat 0 − 10 Lon 200 − 220

CO (ppb)

A
lti

tu
de

 /k
m

520
240
73
133
163
98
140
61

●●●●
●●●
●●
●●
●●●
●
●
●
●
●
●
●
●
●
●
●

●
●

●
●

●
●
●
●
●
●
●
●
●

20 40 60 80 100 140

0
2

4
6

8
10

PEM−Tropics−B Tahiti 1999 03 
 Lat −20 − 0 Lon 200 − 230

CO (ppb)

A
lti

tu
de

 /k
m

823
409
97
208
279
522
130
151

●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●

●
●
●

●
●

●
●

●
●

●
●

●
●
●
●
●

20 40 60 80 100 140

0
2

4
6

8
10

PEM−West−B Japan 1994 02 
 Lat 25 − 40 Lon 135 − 150

CO (ppb)

A
lti

tu
de

 /k
m

222
38
125
145
71
48
130
20
188
40
145

●
●

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

20 40 60 80 100 140

0
2

4
6

8
10

TRACE−A E−Brazil 1992 09 
 Lat −15 − −5 Lon 310 − 320

CO (ppb)

A
lti

tu
de

 /k
m

69
125
24
25
57
61
30
48
27
148
12

●
●

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

20 40 60 80 100 140

0
2

4
6

8
10

TRACE−A E−Brazil Coast 1992 09 
 Lat −35 − −25 Lon 310 − 320

CO (ppb)

A
lti

tu
de

 /k
m

42
23
42
95
15
14
12
14
128
52

●
●

●
●
●
●
●
●
●
●
●

●
●

●
●

20 40 60 80 100 140

0
2

4
6

8
10

TRACE−A S−Africa 1992 09 
 Lat −25 − −5 Lon 15 − 35

CO (ppb)

A
lti

tu
de

 /k
m

30
77
89
81
44
138
46
47
32
147

●●●●
●●●
●●

● ● ● ● ●
●

●

●
●

●
●
●
●
●
●
●
●

●
●
●
●

●

20 40 60 80 100 140

0
2

4
6

8
10

TRACE−A W−Africa Coast 1992 09 
 Lat −25 − −5 Lon 0 − 10

CO (ppb)

A
lti

tu
de

 /k
m

73
23
18
114
21
20
23
97
14
17
468



●●●●
●●●
●●
●●
●●

●
●
●
●
●
●
●

●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

INTEX−NA East Coast 2004 07 
 Lat 32.5 − 40 Lon 296.5 − 307

HNO3 (ppt)

A
lti

tu
de

 /k
m

278
178
89
110
190
98
128
138
145
144
155xeuno

Emmons HNO3 comparison

●●●●●
●●
●●
●●
●●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

INTEX−NA Central 2004 07 
 Lat 30 − 40 Lon 259.5 − 285

HNO3 (ppt)
A

lti
tu

de
 /k

m

278
166
114
86
182
76
113
104
95
77
131

●●●●●●●
●●
●●

●●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

0 500 1500 2500

0
2

4
6

8
10

INTEX−NA North East 2004 07 
 Lat 42.5 − 52.5 Lon 285 − 310

HNO3 (ppt)

A
lti

tu
de

 /k
m

390
235
116
152
164
131
153
114
222
212
208

●●●●
●●●
●●

●●
●●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

INTEX−NA West Coast 2004 07 
 Lat 32.5 − 45 Lon 217 − 240

HNO3 (ppt)

A
lti

tu
de

 /k
m

10
7
4
4
36
2
3
2
2
4
20

●●●●
●●●
●●
●●
●●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

OP3 2008 07 
 Lat 2.5 − 7.5 Lon 112.5 − 120

HNO3 (ppt)

A
lti

tu
de

 /k
m

●●●●
●●●
●●
●●
●●●

●
●

●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●

●

0 50 100 150 200
0

2
4

6
8

10

PEM−Tropics−B Christmas−Island 1999 03 
 Lat 0 − 10 Lon 200 − 220

HNO3 (ppt)

A
lti

tu
de

 /k
m

185
76
23
62
43
39
27
6

●●●●
●●●
●●

●●
● ●●

●
●

●
●
●

●
●

●
●

●
●

●
●

●
●
●
●
●
●
●
●
●

●
●

0 50 100 150 200

0
2

4
6

8
10

PEM−Tropics−B Tahiti 1999 03 
 Lat −20 − 0 Lon 200 − 230

HNO3 (ppt)

A
lti

tu
de

 /k
m

331
159
33
79
71
131
29
19

●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

PEM−West−B Japan 1994 02 
 Lat 25 − 40 Lon 135 − 150

HNO3 (ppt)

A
lti

tu
de

 /k
m

32
1
18
20
10
3
16
1
16
9
11

●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

TRACE−A E−Brazil 1992 09 
 Lat −15 − −5 Lon 310 − 320

HNO3 (ppt)

A
lti

tu
de

 /k
m

12
13
4
1
5
3
1
3
2
8

●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

TRACE−A E−Brazil Coast 1992 09 
 Lat −35 − −25 Lon 310 − 320

HNO3 (ppt)

A
lti

tu
de

 /k
m

11
3
10
12
4
1
2
2
12
3

●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●

●
●

●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

TRACE−A S−Africa 1992 09 
 Lat −25 − −5 Lon 15 − 35

HNO3 (ppt)

A
lti

tu
de

 /k
m

10
9
20
11
8
21
6
5
2
15

●●●●
●●●
●●
●● ●●●

●
●

●
●

●
●

●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

TRACE−A W−Africa Coast 1992 09 
 Lat −25 − −5 Lon 0 − 10

HNO3 (ppt)

A
lti

tu
de

 /k
m

20
4
8
29
4
3
5
16
1
2
40



●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

INTEX−NA East Coast 2004 07 
 Lat 32.5 − 40 Lon 296.5 − 307

NOx (ppt)

A
lti

tu
de

 /k
m

333
237
123
168
171
136
154
158
190
183
230xeuno

Emmons NOx comparison

●●●●●●●●●
●●

●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

INTEX−NA Central 2004 07 
 Lat 30 − 40 Lon 259.5 − 285

NOx (ppt)
A

lti
tu

de
 /k

m

353
227
137
147
161
124
135
119
137
105
197

●●●●●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

INTEX−NA North East 2004 07 
 Lat 42.5 − 52.5 Lon 285 − 310

NOx (ppt)

A
lti

tu
de

 /k
m

402
241
131
174
162
137
183
167
285
193
208

●●●●●●●●●●●●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

0 100 200 300 400 500

0
2

4
6

8
10

INTEX−NA West Coast 2004 07 
 Lat 32.5 − 45 Lon 217 − 240

NOx (ppt)

A
lti

tu
de

 /k
m

22
10
18
9
24
8
16
6
11
23
102

●●●●●
●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

OP3 2008 07 
 Lat 2.5 − 7.5 Lon 112.5 − 120

NOx (ppt)

A
lti

tu
de

 /k
m

●●●●
●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 20 40 60 80 100
0

2
4

6
8

10

PEM−Tropics−B Christmas−Island 1999 03 
 Lat 0 − 10 Lon 200 − 220

NOx (ppt)

A
lti

tu
de

 /k
m

26
21
3
7
11
78
28
31
34
31
52

●●●●
●●●
●●
●●
●●

●
●
●
●
●
●
●
●
●

●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●

0 20 40 60 80 100

0
2

4
6

8
10

PEM−Tropics−B Tahiti 1999 03 
 Lat −20 − 0 Lon 200 − 230

NOx (ppt)

A
lti

tu
de

 /k
m

37
12
30
43
32
74
68
48
53
90
226

●●●●
●●●
●●

●●
●●

●
●
●

●
●

●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 200 400 600 800 1000

0
2

4
6

8
10

PEM−West−B Japan 1994 02 
 Lat 25 − 40 Lon 135 − 150

NOx (ppt)

A
lti

tu
de

 /k
m

228
19
143
121
88
28
152
29
18
55
81

●●●●●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

TRACE−A E−Brazil 1992 09 
 Lat −15 − −5 Lon 310 − 320

NOx (ppt)

A
lti

tu
de

 /k
m

43
80
17
17
31
36
17
21
7
20
4

●●●●●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

TRACE−A E−Brazil Coast 1992 09 
 Lat −35 − −25 Lon 310 − 320

NOx (ppt)

A
lti

tu
de

 /k
m

24
11
18
29
6
8
8
8
74
22

●●●●●●●
●●
●●
●●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 500 1500 2500

0
2

4
6

8
10

TRACE−A S−Africa 1992 09 
 Lat −25 − −5 Lon 15 − 35

NOx (ppt)

A
lti

tu
de

 /k
m

18
33
39
35
14
49
14
18
6
50

●●●●
●●●
●●
●●
●●

●
●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

0 100 200 300 400 500

0
2

4
6

8
10

TRACE−A W−Africa Coast 1992 09 
 Lat −25 − −5 Lon 0 − 10

NOx (ppt)

A
lti

tu
de

 /k
m

35
13
11
63
13
10
10
47
5
4
229



−50 0 50

UKCA xeuno

Latitude

P
re

ss
ur

e 
(h

P
a)

[OH] Air mass weighted

(106 molecules cm−3)

Red: Spivakovsky values

Values in ( ): Std devMean OH = 4.57e+05
10

00
75

0
50

0
25

0

0.28 1.3 1.8 0.69

0.36 1.3 1.6 0.73

0.31 0.91 1.1 0.54

0.47 1.44 1.52 0.76

0.72 2 1.99 0.88

0.64 1.43 1.36 0.64

(0.3) (0.16) (0.15) (0.54)

(0.29) (0.22) (0.14) (0.4)

(0.23) (0.16) (0.17) (0.32)



0
10

0
30

0
50

0

r = 0.904 
mbe =−47.6 ppbv

South 
Pole

O
zo

ne
 (

pp
bv

)

r = 0.298 
mbe =−29 ppbv

Southern 
Midlat

r = 0.539 
mbe =6.96 ppbv

Tropics2

r = 0.587 
mbe =−3.74 ppbv

Tropics3

r = −0.368 
mbe =8.47 ppbv

East US

xeuno Tilmes ozone sonde comparison

r = −0.402 
mbe =−7.89 ppbv

Japan

r = 0.856 
mbe =−13.3 ppbv

West EU

r = 0.686 
mbe =−61.8 ppbv

Canada

r = 0.944 
mbe =−69.5 ppbv

North Pole East

r = 0.969 
mbe =−139 ppbv

250 hPa

North Pole West
0

20
40

60
80

10
0

r = 0.929 
mbe =−5.17 ppbv

O
zo

ne
 (

pp
bv

)

r = 0.195 
mbe =−6.31 ppbv

r = 0.346 
mbe =3.97 ppbv

r = 0.624 
mbe =−6.51 ppbv

r = 0.639 
mbe =10.7 ppbv

r = 0.273 
mbe =5.29 ppbv

r = 0.861 
mbe =4.55 ppbv

r = 0.767 
mbe =5.68 ppbv

r = 0.91 
mbe =−1.73 ppbv

r = 0.823 
mbe =1.96 ppbv

500 hPa

0
20

40
60

80
10

0

r = 0.949 
mbe =−1.67 ppbv

O
zo

ne
 (

pp
bv

)

r = 0.942 
mbe =2.34 ppbv

r = 0.34 
mbe =18.9 ppbv

r = 0.899 
mbe =19.7 ppbv

r = 0.832 
mbe =10.7 ppbv

r = 0.378 
mbe =9.76 ppbv

r = 0.863 
mbe =15.7 ppbv

r = 0.325 
mbe =17.8 ppbv

r = 0.634 
mbe =5.27 ppbv

r = 0.418 
mbe =11.3 ppbv

700 hPa

0
20

40
60

80 r = 0.869 
mbe =−5.52 ppbv

Jan May Sep

O
zo

ne
 (

pp
bv

)

r = 0.945 
mbe =−4.12 ppbv

Jan May Sep

r = 0.0323 
mbe =15.2 ppbv

Jan May Sep

r = 0.681 
mbe =12.5 ppbv

Jan May Sep

r = 0.972 
mbe =−2.86 ppbv

Jan May Sep

r = 0.834 
mbe =0.0371 ppbv

Jan May Sep

r = 0.975 
mbe =1.56 ppbv

Jan May Sep

r = −0.0115 
mbe =−1.51 ppbv

Jan May Sep

r = 0.135 
mbe =−9.38 ppbv

Jan May Sep

r = −0.42 
mbe =−3.17 ppbv

Jan May Sep

900 hPa



−50 0 50

5
10

15
20

UKCA xeuno Ox Net Chemical Production

Latitude (degrees)

A
lti

tu
de

 (
km

)

−2e−19

−1e−19

0e+00

1e−19

2e−19

Ox Prod = 4.7e+03Tg/yr
Ox Loss = 3.81e+03Tg/yr

Ox Net  = 889Tg/yr
STE inferred = 274Tg/yr
STE diag.    = 238Tg/yr

Lifetime = 22.5days



H
O

2+
N

O

M
eO

2+
N

O

R
O

2+
N

O

O
th

er

xeuno Production of Tropospheric Ox

C
on

tr
ib

ut
io

n 
(%

)

0

10

20

30

40

50

60

70

69 19 9 2
O

1D
+

H
2O

M
in

or

H
O

2+
O

3

O
H

+
O

3

O
3+

A
lk

N
xO

y

O
3d

ry

N
O

yd
ep

xeuno Loss of Tropospheric Ox

C
on

tr
ib

ut
io

n 
(%

)

0

10

20

30

40

50

35 0 28 10 2 2 21 3



−150 −100 −50 0 50 100 150

−
50

0
50

UKCA Ox deposition xeuno

Longitude (degrees)

La
tit

ud
e 

(d
eg

re
es

)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Total Ox Deposition = 1.16e+03 Tg/yr



0 2 4 6 8 10 12

0
10

20
30

40
50

60
90S − 60S

Ozone (ppm)

A
lti

tu
de

 /k
m

xeuno
ACE
UARS
MLS
MIPAS
TES

0 2 4 6 8 10 12

0
10

20
30

40
50

60

60S − 30S

Ozone (ppm)

A
lti

tu
de

 /k
m

0 2 4 6 8 10 12

0
10

20
30

40
50

60

30S − 30N

Ozone (ppm)

A
lti

tu
de

 /k
m

0 2 4 6 8 10 12

0
10

20
30

40
50

60

30N − 60N

Ozone (ppm)

A
lti

tu
de

 /k
m

0 2 4 6 8 10 12

0
10

20
30

40
50

60

60N − 90N

Ozone (ppm)

A
lti

tu
de

 /k
m

0 2 4 6 8 10 12

0
10

20
30

40
50

60

90S − 60S

HONO2 (ppb)

A
lti

tu
de

 /k
m

xeuno
ACE
UARS

0 2 4 6 8 10 12

0
10

20
30

40
50

60

60S − 30S

HONO2 (ppb)

A
lti

tu
de

 /k
m

0 2 4 6 8 10 12

0
10

20
30

40
50

60

30S − 30N

HONO2 (ppb)

A
lti

tu
de

 /k
m

0 2 4 6 8 10 12
0

10
20

30
40

50
60

30N − 60N

HONO2 (ppb)

A
lti

tu
de

 /k
m

0 2 4 6 8 10 12

0
10

20
30

40
50

60

60N − 90N

HONO2 (ppb)

A
lti

tu
de

 /k
m



0 2 4 6 8 10

0
10

20
30

40
50

60
90S − 60S

NO2 (ppb)

A
lti

tu
de

 /k
m

xeuno
ACE
UARS

0 2 4 6 8 10

0
10

20
30

40
50

60

60S − 30S

NO2 (ppb)

A
lti

tu
de

 /k
m

0 2 4 6 8 10

0
10

20
30

40
50

60

30S − 30N

NO2 (ppb)

A
lti

tu
de

 /k
m

0 2 4 6 8 10

0
10

20
30

40
50

60

30N − 60N

NO2 (ppb)

A
lti

tu
de

 /k
m

0 2 4 6 8 10

0
10

20
30

40
50

60

60N − 90N

NO2 (ppb)

A
lti

tu
de

 /k
m



−50 0 50

0
5

10
15

20
UKCA xeuno

Latitude (degrees)

A
lti

tu
de

 (
km

)

0.0

0.1

0.2

0.3

0.4

Methane lifetime = 9.41 yr

% CH4 + OH flux (moles cm−3 s−1)


