Supplement of Atmos. Meas. Tech., 16, 5357-5386, 2023 ;
https://doi.org/10.5194/amt-16-5357-2023-supplement Atmospherlc

© Author(s) 2023. CC BY 4.0 License. Measurement
Techniques
Supplement of

Version 8 IMK-IAA MIPAS temperatures from 12—-15 um spectra: Mid-
dle and Upper Atmosphere modes

Maya Garci et al.

Correspondence to: Maya Garcia-Comas (maya@iaa.es)

The copyright of individual parts of the supplement might differ from the article licence.



2 Garcia-Comas et al.: Supplement to MIPAS MLT temperatures

This supplement contains the temperature error budget
collection for MIPAS MA/UA RR data (2005-2012) for day-
time (SZA<90°) and nighttime (SZA>95°), estimated using
the representative atmospheres listed in Table S1.
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Table S1. Labels and definitions of the representative atmospheric conditions used to estimate MIPAS temperature errors.

Atmosphere label Months used  Latitude range
Northern polar winter Jan, Feb 65°N—90°N
Northern polar spring Apr 65°N—90°N
Northern polar summer Jul, Aug 65°N—90°N
Northern polar autumn Oct 65°N—90°N
Northern midlatitude winter Jan, Feb 40°N—60°N
Northern midlatitude spring Apr 40°N—60°N
Northern midlatitude summer Jul, Aug 40°N—60°N
Northern midlatitude autumn Oct 40°N—60°N
Tropics Apr 20°S—20°N
Southern midlatitude winter Jul, Aug 40°S—60°S
Southern midlatitude spring Oct 40°S—60°S
Southern midlatitude summer Jan, Feb 40°S—60°S
Southern midlatitude autumn Apr 40°S—60°S
Southern polar winter Jul, Aug 65°S—90°S
Southern polar spring Oct 65°S—90°S
Southern polar summer Jan, Feb 65°S—90°S

Southern polar autumn Apr 65°S—90°S
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Table S2. Temperature error budget for Northern polar winter day. "Mean" column refers to the mean temperature. "NLTE" and "Spectro”
correspond to errors due to non-LTE and spectroscopy uncertainties, respectively. "Random" and "Syst" refer to total random and systematic

temperature errors, respectively. All uncertainties are 1o.

Figure S1. Temperature uncertainties for Northern polar winter daytime conditions. Values for selected altitudes are given in Table S2.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) &) ® K K K X X) X) ® &
20 2260 <0.1 <01 0.1 0.5 0.4 <0.1 0.3 0.5 0.5
30 219.6 <0.1 <01 04 0.4 0.3 <0.1 0.3 04 0.6
40 2192 <0.1 <01 0.1 0.4 0.2 0.1 0.3 0.4 0.5
50 226.8 <0.1 <01 04 0.4 0.2 0.1 0.5 0.6 0.6
60 2240 <0.1 <01 04 0.3 0.6 0.2 1.0 1.1 0.7
70 226.6 0.7 03 03 0.2 0.7 0.7 25 2.6 1.1
80 2321 29 <01 03 0.4 0.7 1.2 4.4 4.8 2.7
90 219.7 33 20 0.6 0.4 0.5 1.3 53 5.7 3.6
100 199.7 4.6 1.0 0.7 0.8 0.4 1.6 73 7.8 43
110 2542 214 7719 0.9 0.5 4.8 19.3 229 198
115 3204 267 109 27 0.9 0.7 6.7 26.9 31.0 255
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Table S3. Temperature error budget for Northern polar winter night. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® K K K X) ® & K K
20 2081 <01 <01 02 04 04  <0.1 0.3 04 06
30 2087 <01 <01 04 04 0.6  <0.1 0.3 0.6 0.6
40 2253 <01 <0.1 0.1 04 0.5 0.1 0.4 06 06
50 2539 <01 <01 05 04 0.3 0.1 0.5 06 06
60 2463 02 <01 03 03 0.8 0.2 0.9 1.0 09
70 230.2 07 03 03 02 0.9 0.8 2.3 25 12
80 2184 21 <01 05 03 0.7 1.1 4.4 48 17
90 207.3 28 18 10 05 0.3 1.4 5.5 60 29

100 1957 58 12 09 09 0.3 1.8 7.6 83 53
110 2472 191 85 16 07 0.5 56 217 244 186
115 3010 227 110 22 08 0.6 7.1 283 315 225
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Figure S2. Temperature uncertainties for Northern polar winter nighttime conditions. Values for selected altitudes are given in Table S3.
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Table S4. Temperature error budget for Northern polar spring day. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® K K K ) ® K K K
20 2154 <01 <01 02 04 02 <0.1 0.4 04 04
30 2169 <01 <01 05 03 0.5  <0.1 0.3 04 07
40 2481 <01 <0.1 02 04 0.7  <0.1 0.3 05 0.8
50 2701 <01 <01 05 03 0.4 0.1 0.4 05 07
60 2547 0.1 <01 03 02 1.0 0.2 0.7 08 1.0
70 2222 02 02 04 02 0.9 0.8 22 24 10
80 199.6 05 <01 06 02 0.6 0.9 4.4 46 07
90 179.9 1.0 12 09 04 0.2 1.4 5.8 60 16

100 1814 76 1.7 08 13 0.8 24 8.2 89 75
110 2834 311 76 41 12 0.8 57 207 23.0 312
115 3547 378 100 58 12 0.9 78 217 304 384
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Figure S3. Temperature uncertainties for Northern polar spring daytime conditions. Values for selected altitudes are given in Table S4.
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Table S5. Temperature error budget for Northern polar spring night. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® K K K ) ® & K K
20 2158 <01 <01 02 04 02 <0.1 0.3 04 04
30 2180 <01 <01 05 03 0.5  <0.1 0.3 04 07
40 2478 <01 <0.1 02 04 0.7  <0.1 0.3 04 0.8
50 2659 <01 <01 05 03 0.4 0.1 0.4 05 07
60 2495 0.1 <01 02 02 1.0 0.3 0.8 08 1.0
70 2214 02 02 05 02 1.0 0.8 2.3 24 11
80  200.3 06 <0.1 06 02 0.7 1.0 4.5 47 09
90 189.5 1.6 12 12 04 0.2 1.5 5.8 6.1 2.1

100 189.7 84 13 07 13 0.7 2.0 7.9 8.6 82
110 2718 306 67 28 09 0.6 47 184 221 294
115 3326 381 96 42 09 0.7 6.8 265 307 37.0
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Figure S4. Temperature uncertainties for Northern polar spring nighttime conditions. Values for selected altitudes are given in Table S5.
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Table S6. Temperature error budget for Northern polar summer day. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® K K K ) ® & K K
20 2285 <01 <01 02 04 0.1  <0.1 0.3 04 04
30 2360 <01 <01 05 03 03  <0.1 0.2 03 07
40 2609 <0.1 <01 03 04 05 <01 0.3 03 07
50 2780 <01 <01 05 03 0.2 0.1 0.4 04 06
60 2624 <01 <01 03 02 1.0 0.2 0.7 07 11
70 2183 <01 01 06 02 1.2 0.8 2.0 22 13
80 157.9 12 04 08 02 0.6 1.0 5.2 54 15
90 141.0 1.1 1.0 05 03 0.1 2.3 6.2 6.7 14

100 2288 225 65 15 13 0.7 2.4 8.4 112 224
110 3236 430 175 6.0 16 0.9 6.3 231 256 46.0
115 3689 468 204 75 17 1.0 8.1 2838 312 50.8
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Figure S5. Temperature uncertainties for Northern polar summer daytime conditions. Values for selected altitudes are given in Table S6.
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Table S7. Temperature error budget for Northern polar summer night. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® K K K ) ® & K K
20 2234 <01 <01 01 04 02 <0.1 0.3 04 04
30 2290 <01 <01 05 04 03  <0.1 0.3 03 07
40 2507 <01 <0.1 03 04 0.5  <0.1 0.3 03 07
50 2662 <01 <01 05 03 0.3 0.1 0.4 05 06
60 2494 <01 <01 03 02 1.1 0.2 0.7 08 1.1
70 2101 <01 01 06 0.1 1.0 0.8 2.4 25 12
80 171.6 07 02 04 02 0.5 1.2 5.3 54 08
90 1725 10 11 15 07 0.2 1.9 6.3 6.6 20

100 2105 132 25 04 09 0.4 1.9 7.7 84 132
110 2909 354 127 34 1.1 0.7 52 213 237 36.6
115 3506 408 163 49 1.1 0.8 7.0 281 30.8 429
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Figure S6. Temperature uncertainties for Northern polar summer nighttime conditions. Values for selected altitudes are given in Table S7.
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Table S8. Temperature error budget for Northern polar autumn day. All uncertainties are 1o.

Garcia-Comas et al.: Supplement to MIPAS MLT temperatures

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km) X) ® KK K X) X) X) x XK

20 2150 <0.1 <0.1 02 0.4 0.4 <0.1 0.4 04 05

30 2143 <0.1 <0.1 04 0.4 0.2 <0.1 0.3 04 06

40 233.1 <0.1 <0.1 02 0.4 0.5 0.1 0.3 04 0.6

50 2527 <0.1 <0.1 05 0.4 0.3 0.1 0.5 05 0.6

60 2444 0.1 <01 03 0.3 0.9 0.3 0.8 0.9 1.0

70 2247 0.4 03 04 0.2 0.9 0.8 2.4 2.5 1.0

80 204.5 07 <01 04 0.2 0.6 0.9 44 45 09

90 192.8 1.1 14 038 0.3 0.2 1.4 5.8 6.0 1.7

100 187.9 5.6 1.0 1.1 1.2 0.7 1.9 7.5 80 5.6

110 2432 20.2 54 20 0.8 0.5 5.4 20.8 234 189

115 3015 247 72 29 0.8 0.6 7.0 28.0 31.0 232
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Figure S7. Temperature uncertainties for Northern polar autumn daytime conditions. Values for selected altitudes are given in Table S8.
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Table S9. Temperature error budget for Northern polar autumn night. All uncertainties are lo.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® K K K X) ® & K K
20 2129 <01 <01 02 04 04  <0.1 0.3 04 06
30 2110 <01 <01 04 04 02  <0.1 0.3 03 06
40 2291 <01 <01 01 04 0.6 0.1 0.4 05 07
50 2524 <01 <01 05 04 0.3 0.1 0.5 06 06
60 2494 02 <01 02 03 0.9 0.2 0.8 09 1.0
70 2284 05 03 04 02 1.0 0.8 2.3 25 11
80  206.8 1.0 <01 05 02 0.7 1.1 4.6 48 11
90 196.4 14 14 09 04 0.2 1.4 5.6 59 20

100 191.1 62 1.0 09 1.1 0.5 1.8 7.6 8.1 6.1
110 2444 191 59 14 07 0.4 50 203 223 185
115 3012 237 83 22 07 0.5 6.6 217 30.1 233
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Figure S8. Temperature uncertainties for Northern polar autumn nighttime conditions. Values for selected altitudes are given in Table S9.



12 Garcia-Comas et al.: Supplement to MIPAS MLT temperatures

Table S10. Temperature error budget for Northern midlatitude winter day. All uncertainties are lo.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® K K K ) ® & K K
20 2150 <01 <01 01 05 02 <0.1 0.3 04 05
30 2210 <01 <01 04 03 04  <0.1 0.3 04 06
40 2362 <01 <0.1 0.1 04 04  <0.1 0.3 04 05
50 2517 <01 <01 05 03 0.4 0.1 0.5 05 07
60 2380 <01 <01 03 02 1.0 0.2 0.8 09 1.0
70 218.0 02 02 05 02 0.9 0.7 24 25 1.0
80 207.6 09 01 06 02 0.7 1.3 4.7 49 1.0
90 198.0 1.8 16 09 04 0.3 1.4 5.6 60 20

100 199.7 69 14 06 10 0.5 1.9 7.3 8.0 66
110 2502 240 7.7 25 1.0 0.6 51 199 238 223
115 3131 290 103 37 10 0.8 7.0 274 31,6 27.6
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Figure S9. Temperature uncertainties for Northern midlatitude winter daytime conditions. Values for selected altitudes are given in Table S10.
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Table S11. Temperature error budget for Northern midlatitude winter night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 216.8 <0.1 <0.1 02 0.4 0.3 <0.1 0.2 0.4 0.5
30 2214 <0.1 <01 05 0.4 04 <0.1 0.3 04 0.7
40 240.2 <0.1 <0.1 02 0.4 0.6 <0.1 0.3 04 0.7
50 251.1 <0.1 <0.1 05 0.3 0.5 0.1 0.5 0.6 0.7
60 2344 0.1 <01 04 0.3 0.9 0.2 0.9 1.0 1.0
70 2213 0.4 03 05 0.2 0.8 0.7 2.3 24 1.0
80 215.1 1.7 <0.1 05 0.3 0.7 1.1 4.4 4.7 1.6
90 1973 2.1 1.5 1.0 0.4 0.3 1.5 5.7 6.1 2.4
100 1954 6.9 1.3 05 0.9 0.5 1.8 7.4 8.1 6.5
110 241.6 19.9 83 1.6 0.6 0.5 54 21.0 245 183
115 3043 245 11.1 25 0.6 0.6 7.0 27.9 32.1 23.1
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Figure S10. Temperature uncertainties for Northern midlatitude winter nighttime conditions. Values for selected altitudes are given in Ta-

ble S11.
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Table S12. Temperature error budget for Northern midlatitude spring day. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) (K) (K) (K) (K) (K) (K) (K) (K) K) (K)
20 2154 <0.1 <0.1 0.2 0.3 0.2 <0.1 0.3 0.4 0.4
30 226.6 <0.1 <0.1 0.5 0.3 04 <0.1 0.3 0.4 0.7
40 252.6 <0.1 <0.1 0.3 0.4 0.5 <0.1 0.3 0.4 0.7
50 262.3 <0.1 <0.1 0.5 0.3 0.4 0.1 0.4 0.5 0.7
60 2432 <0.1 <0.1 0.3 0.2 1.0 0.3 0.8 0.9 1.1
70 216.1 0.1 02 05 0.2 09 0.7 2.3 2.4 1.0
80 187.7 0.6 0.1 0.6 0.2 0.6 0.9 4.7 4.8 0.9
90 1822 1.2 1.2 1.0 0.4 0.2 1.5 5.9 6.2 1.6
100 1919 9.3 1.7 0.5 1.1 0.7 2.3 7.8 8.7 9.0
110 2604 27.1 5.4 3.0 1.1 0.7 52 19.5 223  26.1
115 315.5 32.5 73 45 1.2 0.8 6.9 27.1 30.3 315
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Figure S11. Temperature uncertainties for Northern midlatitude spring daytime conditions. Values for selected altitudes are given in Ta-
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Table S13. Temperature error budget for Northern midlatitude spring night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 2158 <0.1 <0.1 0.2 0.3 0.2 <0.1 0.3 0.4 0.4
30 2226 <0.1 <01 05 0.3 0.5 <0.1 0.3 04 0.7
40 249.8 <0.1 <0.1 0.2 0.4 0.6 <0.1 0.3 04 0.7
50 263.7 <0.1 <0.1 05 0.3 0.4 0.1 0.4 0.5 0.7
60 24338 <0.1 <01 03 0.2 1.0 0.3 0.8 0.9 1.1
70 2162 0.2 02 0.5 0.2 0.9 0.8 2.3 2.5 1.1
80 195.5 06 <01 04 0.2 0.6 1.0 4.6 4.8 0.7
90 1824 14 12 1.0 0.4 0.2 1.7 6.1 6.4 1.8
100 195.1 9.6 1.4 0.6 1.2 0.7 2.0 7.9 8.6 9.5
110 265.2 284 57 27 0.9 0.5 44 17.9 20.7 27.5
115 3117 34.1 8.1 4.1 1.0 0.7 6.2 26.2 29.2 335
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Figure S12. Temperature uncertainties for Northern midlatitude spring nighttime conditions. Values for selected altitudes are given in Ta-

ble S13.
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Table S14. Temperature error budget for Northern midlatitude summer day. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 221.5 <0.1 <0.1 0.2 0.4 0.1 <0.1 0.3 0.4 04
30 2327 <0.1 <01 05 0.4 04 <0.1 0.3 0.3 0.7
40  256.0 <0.1 <01 03 0.5 0.5 <0.1 0.3 0.3 0.7
50 267.0 <0.1 <0.1 05 0.3 0.3 0.1 04 0.5 0.7
60 246.1 <0.1 <01 03 0.2 1.1 0.3 0.8 0.8 1.2
70 204.8 0.2 0.1 0.6 0.2 0.9 0.8 24 2.5 1.1
80 165.0 1.1 02 05 0.2 04 1.0 5.1 5.2 1.1
90 169.3 1.0 1.1 1.3 0.6 0.2 1.8 6.1 6.5 1.8
100 2103 14.0 38 05 0.8 0.4 2.0 7.6 89 140
110 3114 391 169 40 1.2 0.8 5.6 21.9 255 411
115 374.8 437 202 54 1.3 0.9 7.5 27.8 314  46.8
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Figure S13. Temperature uncertainties for Northern midlatitude summer daytime conditions. Values for selected altitudes are given in

Table S14.
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Table S15. Temperature error budget for Northern midlatitude summer night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 2214 <0.1 <0.1 0.2 0.3 0.1 <0.1 0.3 0.4 04
30 2336 <0.1 <01 05 0.3 04 <0.1 0.3 0.3 0.7
40 2577 <0.1 <01 03 0.5 0.5 <0.1 0.3 0.3 0.7
50 2675 <0.1 <0.1 05 0.3 0.4 0.1 04 0.5 0.6
60 2459 <0.1 <01 03 0.2 1.1 0.3 0.7 0.8 1.1
70 2059 <0.1 0.1 07 0.2 0.9 0.8 24 2.6 1.1
80 171.0 0.7 02 05 0.2 0.5 1.2 53 55 0.8
90 172.6 1.4 .1 1.1 0.5 0.2 1.9 6.3 6.7 1.9
100 204.8 12.3 31 04 0.8 0.4 2.0 7.6 84 124
110 274.8 29.7 112 32 1.0 0.6 5.1 21.1 23.2 309
115 3304 346 144 46 1.1 0.7 6.6 28.0 304 365
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Figure S14. Temperature uncertainties for Northern midlatitude summer nighttime conditions. Values for selected altitudes are given in

Table S15.
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Table S16. Temperature error budget for Northern midlatitude autumn day. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km) X) ® K K K X X) X) ® &
20 2157 <0.1 <01 02 0.4 0.2 <0.1 0.3 04 04
30 2222 <0.1 <01 04 0.3 0.4 <0.1 0.3 04 0.6
40 2422 <0.1 <01 02 0.4 0.5 <0.1 0.3 04 0.6
50 2544 <0.1 <01 05 0.3 0.4 0.1 0.4 0.5 0.7
60 2383 <0.1 <01 03 0.2 1.0 0.3 0.9 0.9 1.0
70 2159 0.2 02 04 0.2 0.9 0.8 24 2.6 1.0
80 1943 06 <01 0.6 0.2 0.5 0.9 4.6 4.7 0.7
90 191.1 1.3 14 09 0.4 0.2 1.5 5.9 6.2 1.7

100 195.7 7.8 1.4 06 1.0 0.6 1.9 7.4 83 7.4
110 2522 234 59 21 0.9 0.5 4.4 18.4 20.6 228
115 310.1 28.5 82 34 1.0 0.6 6.1 26.3 289 28.1
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Figure S15. Temperature uncertainties for Northern midlatitude autumn daytime conditions. Values for selected altitudes are given in Ta-
ble S16.
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Table S17. Temperature error budget for Northern midlatitude autumn night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 216.5 <0.1 <0.1 0.2 0.4 0.2 <0.1 0.3 0.4 04
30 2228 <0.1 <01 04 0.4 0.3 <0.1 0.3 0.3 0.6
40 2413 <0.1 <0.1 02 0.4 0.5 <0.1 0.3 04 0.7
50 2534 <0.1 <0.1 05 0.3 0.4 0.1 04 0.5 0.7
60 2373 <0.1 <01 03 0.2 1.0 0.3 0.9 0.9 1.0
70 2163 0.3 02 05 0.2 1.0 0.8 24 2.6 1.1
80 196.7 0.8 <0.1 0.6 0.2 0.7 1.0 4.8 4.9 0.9
90 197.0 2.5 14 1.1 0.4 0.2 1.4 5.8 6.1 2.6
100 191.2 6.7 1.0 06 1.0 0.5 1.8 7.5 8.1 6.5
110 2315 18.8 48 1.6 0.7 0.4 4.7 19.1 215 175
115  286.9 23.1 68 25 0.8 0.5 6.3 27.0 29.7 217
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Figure S16. Temperature uncertainties for Northern midlatitude autumn nighttime conditions. Values for selected altitudes are given in

Table S17.
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Table S18. Temperature error budget for Tropics day. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® ® K K ) (GO K &
20 2032 <01 <01 <01 02 08  <0.1 0.2 03 0.8
30 2301 <01 <01 05 03 05 <01 0.3 03 07
40 2544 <01 <01 03 04 06  <0.1 0.3 04 07
50 2637 <01 <01 05 03 0.4 0.1 0.4 05 07
60 2419 <01 <01 04 02 1.1 0.3 0.8 09 12
70 207.7 02 02 06 02 1.0 0.7 2.3 25 11
80  190.0 06 01 07 02 0.5 1.1 4.8 49 08
90 1934 16 15 11 04 0.2 1.4 5.7 6.1 20

100 190.8 57 13 05 07 0.3 1.8 7.0 76 55
110 2399 191 76 19 08 0.4 45 187 213 186
115 2957 238 104 32 09 0.6 6.1 265 295 23.6
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Figure S17. Temperature uncertainties for Tropics daytime conditions. Values for selected altitudes are given in Table S18.
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Table S19. Temperature error budget for Tropics night. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® ® K K ) (GO K K
20 2030 <01 <01 <01 02 07  <0.1 0.2 03 07
30 2305 <01 <01 05 03 04 <01 0.3 03 07
40 2535 <01 <01 03 04 06  <0.1 0.3 04 0.8
50 2641 <01 <01 05 03 0.5 0.1 0.4 05 07
60 2437 <01 <01 03 02 1.1 0.3 0.8 08 12
70 2033 <01 <01 06 02 1.0 0.8 25 26 12
80  190.5 08 <01 14 01 0.3 1.2 5.1 53 14
90 1919 19 12 12 05 0.4 1.5 5.8 6.1 23

100 184.1 59 15 05 07 0.4 1.9 74 79 538
110 2618 232 95 23 08 0.5 46 189 214 236
115 3082 286 131 35 1.0 0.7 6.2 267 29.6  29.6
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Figure S18. Temperature uncertainties for Tropics nighttime conditions. Values for selected altitudes are given in Table S19.
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Table S20. Temperature error budget for Southern midlatitude winter day. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km) X) ® K K K X X) X) ® &
20 216.7 <0.1 <01 0.1 0.4 0.2 <0.1 0.3 0.3 0.4
30 2202 <0.1 <01 04 0.4 0.6 <0.1 0.3 0.5 0.6
40 2423 <0.1 <01 03 0.4 0.6 <0.1 0.3 06 0.7
50 2572 <0.1 <01 05 0.3 0.6 0.1 0.5 0.7 0.8
60 2382 <0.1 <01 04 0.3 1.0 0.2 0.9 1.0 1.0
70 2119 0.2 02 04 0.2 1.0 0.7 25 2.6 1.0
80 203.4 09 <01 05 0.2 0.5 1.4 5.0 52 09
90 1915 1.3 1.3 1.1 0.5 0.2 1.3 5.6 59 1.9

100 183.5 7.1 1.9 07 0.9 0.5 23 8.4 9.2 6.8
110 267.3 215 106 2.1 0.7 0.5 6.5 23.7 263 22.1
115 3237 248 13.0 28 0.7 0.6 7.9 29.1 32.1 259
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Figure S19. Temperature uncertainties for Southern midlatitude winter daytime conditions. Values for selected altitudes are given in Ta-
ble S20.
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Table S21. Temperature error budget for Southern midlatitude winter night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 2119 <0.1 <0.1 0.2 0.4 0.3 <0.1 0.3 0.4 0.5
30 2130 <0.1 <01 04 0.4 0.5 <0.1 0.3 0.5 0.6
40 2397 <0.1 <0.1 02 0.5 0.8 <0.1 0.3 0.6 0.8
50 261.1 <0.1 <0.1 06 0.4 0.6 0.1 0.5 0.7 0.7
60 244.0 0.1 <01 04 0.3 1.0 0.2 0.8 0.9 1.1
70 216.8 0.3 02 04 0.2 0.9 0.7 24 2.6 1.0
80 200.8 1.0 <01 04 0.2 0.6 1.3 5.0 5.2 0.9
90 188.3 1.8 1.2 13 0.6 0.2 1.4 5.8 6.1 2.4
100 189.6 8.6 21 09 1.0 0.6 2.3 8.4 9.2 8.5
110 2703 244 118 24 0.9 0.6 6.2 234 264 25.1
115 3244 278 147 32 0.9 0.7 7.8 29.1 326 29.1
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Figure S20. Temperature uncertainties for Southern midlatitude winter nighttime conditions. Values for selected altitudes are given in Ta-

ble S21.
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Table S22. Temperature error budget for Southern midlatitude spring day. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 223.1 <0.1 <0.1 0.1 0.4 0.2 <0.1 0.2 04 04
30 2297 <0.1 <01 04 0.4 0.3 <0.1 0.3 04 06
40 246.1 <0.1 <0.1 03 0.4 0.5 <0.1 0.3 04 07
50 2614 <0.1 <0.1 05 0.3 0.4 0.1 0.4 0.5 0.7
60 2433 <0.1 <01 03 0.2 1.1 0.2 0.8 0.8 1.1
70 2127 0.1 02 05 0.2 0.9 0.7 2.3 2.4 1.0
80 1939 0.6 0.1 04 0.2 0.6 1.4 5.0 5207
90 1839 1.3 14 09 0.4 0.2 1.4 5.7 6.0 1.7
100 1884 8.5 22 06 1.0 0.6 22 8.4 9.3 8.3
110 2714 270 100 33 1.1 0.7 5.7 21.5 237 278
115 3419 327 134 47 1.2 0.9 7.5 28.3 30.8 343
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Figure S21. Temperature uncertainties for Southern midlatitude spring daytime conditions. Values for selected altitudes are given in Ta-

ble S22.
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Table S23. Temperature error budget for Southern midlatitude spring night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 2228 <0.1 <0.1 0.2 0.4 0.1 <0.1 0.3 0.4 04
30 2299 <0.1 <01 05 0.4 04 <0.1 0.3 04 0.7
40 2472 <0.1 <01 03 0.5 0.6 <0.1 0.3 04 0.7
50 2624 <0.1 <0.1 05 0.3 0.4 0.1 04 0.5 0.7
60 243.1 <0.1 <01 03 0.2 1.1 0.2 0.8 0.8 1.1
70 2152 0.2 02 05 0.2 0.9 0.8 2.3 2.5 1.0
80 192.2 0.5 0.1 05 0.2 0.6 1.3 5.0 52 0.8
90 1854 1.5 1.2 1.6 0.6 0.2 1.5 5.9 6.1 2.4
100 192.8 8.8 1.8 05 1.0 0.7 2.0 8.0 8.7 8.6
110 262.8 25.4 96 20 0.8 0.5 4.8 20.0 21.7 263
115 311.7 306 131 32 0.9 0.7 6.5 27.7 29.7 323
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Figure S22. Temperature uncertainties for Southern midlatitude spring nighttime conditions. Values for selected altitudes are given in Ta-

ble S23.
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Table S24. Temperature error budget for Southern midlatitude summer day. All uncertainties are 1o.

Altitude / km

Garcia-Comas et al.: Supplement to MIPAS MLT temperatures

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 218.1 <0.1 <0.1 0.2 0.3 0.2 <0.1 0.3 0.4 04
30 2333 <0.1 <0.1 06 0.3 04 <0.1 0.3 0.3 0.7
40 2564 <0.1 <0.1 02 0.4 0.4 <0.1 0.3 04 0.7
50 2674 <0.1 <0.1 05 0.3 0.4 0.1 04 0.5 0.6
60 246.3 <0.1 <01 03 0.2 1.1 0.2 0.8 0.8 1.2
70  209.9 0.2 0.1 0.6 0.1 0.9 0.8 22 24 1.1
80 1753 0.9 02 05 0.2 0.5 1.3 5.1 53 0.9
90 181.1 1.1 14 1.1 0.5 0.2 1.6 5.8 6.1 1.8
100 200.0 11.3 35 05 0.8 0.4 2.0 8.0 91 113
110  305.7 373 203 42 1.3 0.8 5.7 21.7 253 41.0
115 3563 432 254 58 14 0.9 7.8 28.5 324 487
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Figure S23. Temperature uncertainties for Southern midlatitude summer daytime conditions. Values for selected altitudes are given in

Table S24.
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Table S25. Temperature error budget for Southern midlatitude summer night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 219.8 <0.1 <0.1 02 0.3 0.2 <0.1 0.3 0.4 04
30 2342 <0.1 <01 05 0.3 04 <0.1 0.3 0.3 0.8
40 259.8 <0.1 <01 03 0.5 0.5 <0.1 0.3 0.3 0.8
50 268.7 <0.1 <0.1 05 0.3 0.5 0.1 04 0.5 0.7
60 2475 <0.1 <01 04 0.2 1.1 0.2 0.7 0.8 1.2
70  210.7 <0.1 02 0.6 0.2 1.0 0.8 2.3 24 1.2
80 182.0 0.5 02 0.7 0.2 0.7 1.4 53 5.5 0.9
90 182.7 1.7 1.1 2.0 0.7 0.2 1.4 5.8 6.1 2.7
100 1944 9.4 28 05 0.6 0.5 2.0 8.1 9.2 9.1
110 262.0 26.0 120 22 0.8 0.5 5.6 214 237 274
115 3227 313 159 34 0.9 0.7 7.3 28.4 31.1 338
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Figure S24. Temperature uncertainties for Southern midlatitude summer nighttime conditions. Values for selected altitudes are given in

Table S25.
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Table S26. Temperature error budget for Southern midlatitude autumn day. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km) X) ® K K K X X) X) ® &
20 2144 <0.1 <01 02 0.4 0.2 <0.1 0.3 0.3 0.4
30 2238 <0.1 <01 04 0.4 0.3 <0.1 0.3 0.3 0.6
40 2424 <0.1 <01 03 0.4 0.4 <0.1 0.3 04 0.6
50 2513 <0.1 <01 05 0.3 0.5 0.1 0.5 06 0.7
60 2323 <0.1 <01 04 0.3 0.9 0.2 0.9 1.0 1.0
70 2215 0.3 03 04 0.2 0.9 0.7 22 2.4 1.0
80 1932 07 <01 05 0.2 0.7 1.4 5.1 53 0.9
90 187.8 1.1 1.3 1.0 0.4 0.2 1.3 5.7 6.0 1.7

100 194.9 8.4 1.5 06 0.9 0.6 1.9 8.1 8.8 8.1
110 258.6 25.6 76 21 0.9 0.5 53 20.8 232 253
115 3158 309 104 3.0 0.9 0.6 7.0 28.0 30.8  30.9
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Figure S25. Temperature uncertainties for Southern midlatitude autumn daytime conditions. Values for selected altitudes are given in Ta-
ble S26.
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Table S27. Temperature error budget for Southern midlatitude autumn night. All uncertainties are 1o.

Altitude / km

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X) ® KK K X) X) (X) X (X
20 2152 <0.1 <0.1 0.1 0.3 0.2 <0.1 0.3 0.4 04
30 2228 <0.1 <01 04 0.4 0.3 <0.1 0.3 0.3 0.6
40 2433 <0.1 <01 03 0.4 0.5 <0.1 0.3 04 0.7
50 2534 <0.1 <0.1 05 0.3 0.5 0.1 0.5 0.5 0.8
60 2327 <0.1 <01 04 0.3 0.9 0.2 0.9 0.9 1.0
70 220.1 0.4 03 04 0.2 0.9 0.7 2.3 24 1.0
80 195.1 0.7 0.1 03 0.3 0.7 1.4 5.1 5.4 0.8
90 188.5 1.5 1.3 1.1 0.5 0.1 1.4 5.9 6.1 2.1
100 200.1 8.7 1.1 09 1.0 0.7 1.7 7.8 8.4 8.5
110 24938 23.0 69 15 0.8 0.5 4.9 19.7 21.7 229
115 301.3 28,5 100 24 0.9 0.6 6.5 27.5 30.0 28.6
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Figure S26. Temperature uncertainties for Southern midlatitude autumn nighttime conditions. Values for selected altitudes are given in

Table S27.
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Table S28. Temperature error budget for Southern polar winter day. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km) X x KK K X) X X K K
20 1934 <0.1 <01 03 0.2 0.2 <0.1 0.3 04 04
30 214.6 <0.1 <01 03 0.3 1.1 <0.1 0.3 0.5 1.1
40 2584 <0.1 <01 03 0.5 0.8 <0.1 0.3 06 038
50 2740 <0.1 <01 06 0.4 0.6 0.1 0.5 0.7 0.7
60 2524 02 <01 04 0.3 1.1 0.2 0.9 1.0 1.1
70  216.5 0.2 02 04 0.2 0.9 0.6 23 24 1.0
80 2029 0.8 <01 0.6 0.2 0.5 1.5 5.0 53 0.8
90 1923 1.4 14 14 0.6 0.1 1.4 59 6.1 23

100 191.1 7.4 1.7 0.8 0.8 0.4 22 8.5 9.1 7.2
110 267.8 216 101 22 0.8 0.5 6.6 23.7 25.8 22.6
115 331.0 249 125 29 0.9 0.6 8.1 29.0 315 264
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Figure S27. Temperature uncertainties for Southern polar winter daytime conditions. Values for selected altitudes are given in Table S28.



Garcia-Comas et al.: Supplement to MIPAS MLT temperatures 31

Table S29. Temperature error budget for Southern polar winter night. All uncertainties are lo.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km) X x KK K X) X X K K
20 1947 <0.1 <01 03 0.2 0.3 <0.1 0.3 04 04
30 2147 <0.1 <01 03 0.3 1.0 <0.1 0.3 0.4 1.1
40 259.8 <0.1 <01 03 0.5 0.8 <0.1 0.3 06 09
50 2693 <0.1 <01 06 0.4 0.4 0.1 0.5 06 0.7
60 2558 02 <01 04 0.3 1.0 0.2 0.8 0.9 1.1
70 2236 0.5 02 04 0.3 1.0 0.6 22 23 1.1
80 201.5 09 <01 04 0.3 0.5 1.5 5.1 54 08
90 1932 2.1 14 13 0.6 0.1 1.4 59 6.3 2.4

100 1854 7.7 21 11 1.0 0.5 24 8.6 9.3 7.6
110 268.2 20.1 97 20 0.8 0.5 6.6 239 260 21.1
115 3374 230 11.8 26 0.8 0.6 8.0 28.9 312 245
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Figure S28. Temperature uncertainties for Southern polar winter nighttime conditions. Values for selected altitudes are given in Table S29.
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Table S30. Temperature error budget for Southern polar spring day. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) (XK) K KKK (K) (XK) (XK) (GG
20 2120 <0.1 <01 02 0.2 1.1 <0.1 0.3 0.6 1.0
30 253.8 <0.1 <0.1 04 0.4 0.7 <0.1 0.3 0.6 0.7
40  266.5 <0.1 <0.1 03 0.5 0.2 <0.1 0.3 0.4 0.6
50 2722 <0.1 <0.1 05 0.3 0.4 0.1 0.4 0.5 0.7
60 251.7 <0.1 <0.1 0.3 0.2 1.1 0.2 0.8 0.8 1.1
70 2153 <0.1 0.1 05 0.2 1.0 0.5 2.0 2.1 1.1
80 183.6 0.7 02 04 0.2 0.5 1.5 5.2 5.5 0.8
90 179.7 1.0 1.3 1.1 0.5 0.1 1.6 6.0 6.3 1.7
100  186.1 9.0 28 0.5 0.9 0.6 2.3 8.7 9.4 9.1
110  289.0 329 147 44 1.3 0.8 6.1 22.2 249 351
115 3552 386 185 6.0 1.4 1.0 8.0 28.8 31.6 42.0
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Figure S29. Temperature uncertainties for Southern polar spring daytime conditions. Values for selected altitudes are given in Table S30.
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Table S31. Temperature error budget for Southern polar spring night. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® ® K K ) (GO K &
20 2159 <01 <01 <01 03 07  <0.1 0.3 05 0.6
30 2481 <01 <01 06 04 06 <01 0.3 05 0.8
40 2636 <01 <0.1 04 05 03 <01 0.3 04 07
50 2679 <01 <01 06 03 0.5 0.1 0.4 05 07
60 2442 <01 <01 04 02 1.1 0.2 0.8 08 12
70 212.0 01 02 06 02 0.9 0.6 2.3 24 1.1
80 194.2 05 01 04 02 0.5 1.5 5.2 54 07
90 186.1 15 12 13 06 0.1 1.5 5.9 62 22

100 1863 81 20 05 09 0.7 2.2 8.3 9.0 8.0
110 2686 261 114 26 08 0.6 56 215 243 269
115 3316 317 151 38 09 0.7 74 284 317 333
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Figure S30. Temperature uncertainties for Southern polar spring nighttime conditions. Values for selected altitudes are given in Table S31.
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Table S32. Temperature error budget for Southern polar summer day. All uncertainties are 1o.

Altitude Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km)  (K) ® ® K K ) (GO K K
20 2332 <01 <01 <01 04 0.1  <0.1 0.3 03 04
30 2412 <01 <01 06 03 03 <01 0.3 03 07
40 2649 <01 <01 03 05 04  <0.1 0.2 03 07
50 2826 <01 <01 05 02 0.2 0.1 0.4 05 06
60 2656 <01 <01 04 02 1.0 0.2 0.7 07 L1
70 2252 <01 02 03 02 1.2 0.5 1.7 18 1.3
80 167.2 L1 05 09 03 0.6 1.5 5.4 56 15
90 143.3 L1 12 07 04 0.2 2.1 5.9 64 15

100 2162 158 80 12 10 0.6 2.2 8.5 9.9 172
110 3263 417 315 59 16 1.0 6.2 222 258 513
115 3696 469 375 78 18 1.1 84 287 324 593
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Figure S31. Temperature uncertainties for Southern polar summer daytime conditions. Values for selected altitudes are given in Table S32.
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Table S33. Temperature error budget for Southern polar summer night. All uncertainties are lo.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

km)  (K) ® K K K ) ® & K K
20 2267 <01 <01 01 04 <0.1  <0.1 0.3 03 04
30 2332 <01 <01 05 04 03  <0.1 0.3 03 07
40 2548 <01 <0.1 03 05 0.5  <0.1 0.3 03 07
50 2680 <01 <01 05 03 0.4 0.1 0.4 05 07
60 2493 <01 <01 03 02 1.1 0.2 0.7 08 1.1
70 2145 01 01 06 02 1.1 0.6 2.0 21 12
80 174.8 06 02 05 02 0.6 15 5.5 58 0.8
90 177.9 12 11 18 07 0.3 1.6 6.1 63 24

100 2042 121 29 05 08 0.5 2.0 8.3 9.0 121
110 2860 335 151 30 1.0 0.7 57 213 254 347
115 3405 391 192 43 1.1 0.8 77 284 327 414
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Figure S32. Temperature uncertainties for Southern polar summer nighttime conditions. Values for selected altitudes are given in Table S33.
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Table S34. Temperature error budget for Southern polar autumn day. All uncertainties are 1o.

Garcia-Comas et al.: Supplement to MIPAS MLT temperatures

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst
(km) X ® KK K X) X) X) x XK
20 2140 <0.1 <0.1 02 0.4 0.3 <0.1 0.3 03 05
30 2126 <0.1 <0.1 04 0.4 0.3 <0.1 0.3 04 06
40 2303 <0.1 <0.1 02 0.4 0.5 <0.1 0.3 04 07
50 2525 <0.1 <0.1 04 0.4 0.3 0.1 0.5 06 0.6
60 2440 0.1 <01 03 0.2 1.1 0.2 0.9 1.0 1.1
70 2205 0.3 02 04 0.2 0.9 0.6 22 2.3 1.0
80 208.3 09 <01 05 0.2 0.7 1.4 49 52 1.1
90 1929 1.1 14 1.0 0.5 0.2 1.4 5.8 6.0 1.8
100 192.3 6.3 1.3 08 0.9 0.4 1.8 8.1 86 6.2
110 259.5 233 81 1.8 0.8 0.5 5.4 21.0 235 231
115 317.0 283 11.0 2.6 0.8 0.6 7.3 28.2 31.0 285
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Figure S33. Temperature uncertainties for Southern polar autumn daytime conditions. Values for selected altitudes are given in Table S34.
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Table S35. Temperature error budget for Southern polar autumn night. All uncertainties are 1o.

Altitudle Mean NLTE CO2 ILS Gain Spectro Offset Noise Random  Syst

(km) (XK) K KKK (K) (XK) (XK) (GG

20 211.2 <0.1 <01 02 0.4 0.4 <0.1 0.3 0.3 0.6

30 211.0 <0.1 <01 04 0.4 0.2 <0.1 0.3 04 0.6

40 2299 <0.1 <01 02 0.4 0.5 <0.1 0.3 0.4 0.7

50 2534 <0.1 <0.1 05 0.4 0.3 0.1 0.5 0.6 0.6

60 248.3 02 <01 03 0.2 1.0 0.2 0.9 0.9 1.1

70 224.8 0.5 02 04 0.2 1.0 0.5 2.1 2.2 1.2

80 210.0 1.1 <0.1 04 0.3 0.6 1.5 4.9 5.2 1.1

90 1959 1.5 1.4 09 0.4 0.3 1.4 5.8 6.1 2.1

100 191.6 6.4 1.1 1.2 1.1 0.6 1.8 8.0 8.5 6.3

110 2584 21.3 85 16 0.7 0.5 5.3 21.1 2277 22.0

115 316.6 262 116 23 0.7 0.6 7.1 28.2 303 275
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Figure S34. Temperature uncertainties for Southern polar autumn nighttime conditions. Values for selected altitudes are given in Table S35.



