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Figure S1. The relationship between pressure and geometrical altitude for the reference temperature profiles.
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Figure S2. N (top) and Oz (bottom) volume mixing ratio profiles for the respective atmospheric conditions used in the references calcula-

tions.
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Figure S3. The LTE cooling rates for the reference atmospheres shown up to the lower thermosphere. Note the different x-scales. The cooling

rates extended up to the thermosphere are shown in Fig. S4 below.
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Figure S4. The LTE cooling rates for the reference atmospheres. As in Fig. S3 but covering the thermosphere.
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Figure S5. Non-LTE cooling rates for the reference atmospheres covering the thermosphere. Those for the lower altitudes are shown in Fig. 3

of the main paper.



10 T T T T T T T 10 T T T T T
MLE — TRO
] 7100 4100
-k / -SE
10 NLTE 10 g
~ LTE 7 - 90 41900
ko o
< 53.10° ;
2 107 . 480 107 180 =
1721 c
& &
x ] 470 470%
10F 107'F 2
— - 60 - 60
100 1 1 1 1 = 1 1 1 J 50 100 1 1 1 1 1 i 1 1 i 50
-10 -5 0 5 10 15 20 -10 0 10 20 30 -5 0 5 10 15 20 25 30 -10 0O 10 20
Cooling rate (K/day) Diff. (K/day) Cooling rate (K/day) Diff. (K/day)
10 T T T T T T T
MLS —
L — 1100 —100
-3
107k q NLTE g
~ LTE 7 - 90 419030
O o
i £
~ -3 Q
2 107 - - 80 92107 180 =
4 &
o 32107 ®
x ] 470 470%
107F 3
— - 60 - 60
100 1 1 1 1 = 1 1 1 1 u 50 100 1 1 1 1 = 1 1 i 50
-10 -5 0 5 10 15 20 -100 10 20 30 40 0 5 10 15 20 25 30 -10 0 10 20
Cooling rate (K/day) Diff. (K/day) Cooling rate (K/day) Diff. (K/day)
107 T T T T T T 10 T T T T T T
SAS SAW —
= 4100 4100
—
_3 -3
107k NLTE 10°F g
~ LTE 7 4 90 4900
o o
< g
o 107 g0 107f 2 {802
= 7 7 12107 180 =
173 C
& ®
o . %5.3:107 470 470%
107E 107E 3
— - 60 - 60
]OO 1 1 1 1 ) 1 1 i 50 ]OO 1 1 1 = 1 1 P 50
-30 -20 -10 O 10 20 30 0 20 40 0 10 20 30 40 50 -10 0 10 20
Cooling rate (K/day) Diff. (K/day) Cooling rate (K/day) Diff. (K/day)

Figure S6. Non-LTE-LTE cooling rates differences for the six p—T" references atmospheres (as in Fig. 5) but for the CO2 vmr profile #6
(4% the pre-industrial values). The ‘*” symbol indicates the pressure level (in hPa) where the non-LTE-LTE difference reaches 5%. Note the

different x-scales.
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Figure S7. The escape probability function L(u) represented as function of the CO2 column at a given layer, u(z), for several p-T" profiles
(panel a) and CO2 vmr profiles (panel b). They have been calculated with the GRANADA code. The right panels show the differences with
respect to the values used in the previous parameterization where it was used a single profile for all atmospheres. The CO2 columns as a

function of altitude are shown in Fig. S8.
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Figure S8. The CO2 column amount u as a function of altitude z for several p-T" and the current CO2 vmr profile (#3) (panel a), and for the
eight CO2 vmr profiles considered and the mid-latitude equinox (MLE) p-T" profile (panel b). They have been used in the representation of

the escape probability function L(u) in Fig. S7.



S1 Cooling rate differences of the current and previous parameterizations with respect to accurate cooling rates for

the reference atmospheres

We show in this section a comparison of the cooling rates of the current and previous parameterizations with respect to the
reference cooling rates for several CO, vmr profiles for the six p-T" reference atmospheres. Note that similar figures for the

present-day CO, vmr profile (#3) are shown in the main text (Fig. 8).
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Figure S9. Comparison of the cooling rates of the current and previous parameterizations with respect to accurate cooling rates for the CO»

vmr profile #1 (half of the preindustrial value) for the six p-T" reference atmospheres.
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Figure S10. Comparison of the cooling rates of the current and previous parameterizations with respect to accurate cooling rates for the CO»

vmr profile #2 (preindustrial value) for the six p-7" reference atmospheres.
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Figure S11. Comparison of the cooling rates of the current and previous parameterizations with respect to accurate cooling rates for the CO2

vmr profile #4 (~2 X pre-industrial) for the six p-1" reference atmospheres.
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Figure S12. Comparison of the cooling rates of the current parameterization with respect to accurate cooling rates for the CO2 vmr profile
#5 (~3 xpre-industrial) for the six p-71" reference atmospheres. The results of the previous parameterization are not shown because this CO2

profile is beyond its applicability limits.
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Figure S13. Comparison of the cooling rates of the current parameterization with respect to accurate cooling rates for the CO2 vmr profile
#6 (~4 x pre-industrial) for the six p-71" reference atmospheres. The results of the previous parameterization are not shown because this CO2

profile is beyond its applicability limits.
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Figure S14. Comparison of the cooling rates of the current parameterization with respect to accurate cooling rates for the CO2 vmr profile
#7 (~5xpre-industrial) for the six p-1" reference atmospheres. The results of the previous parameterization are not shown because this CO2

profile is beyond its applicability limits.
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Figure S15. Comparison of the cooling rates of the current parameterization with respect to accurate cooling rates for the CO2 vmr profile
#8 (~10xpre-industrial) for the six p-T reference atmospheres. The results of the previous parameterization are not shown because this CO2

profile is beyond its applicability limits.
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Figure S16. Mean of the cooling rates differences of the current parameterization with respect to the reference non-LTE cooling rates for the
four highest CO2 vmr profiles (#5-8) considered in this work. The shaded areas show the differences spread (standard deviation) between

the six p-T atmospheres. Detailed comparisons for each p — 1" profile are shown in Figs. S12-S15.
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Figure S17. Comparison of the cooling rates of the current and previous parameterizations with respect to accurate cooling rates for the

higher intermediate CO2 vmr profile #10 (see Fig. 1b).
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Figure S18. As Fig. S17 but for the higher intermediate CO2 vmr profile #11 (see Fig. 1b). Note that the results of the previous parameteri-

zation are not shown as the CO» profile used here is beyond its applicability limits.
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S2 Quantities used in the calculation of the accurate and parameterized cooling rates for the MIPAS temperatures

We show in this appendix the CO, vmr and O(> P) abundances used in the calculations of the accurate and parameterized

cooling rates. The accurate cooling rates are also shown for reference.
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Figure S19. Zonal mean nighttime CO2 vmrs used in the calculation of the MIPAS cooling rates.
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Figure $20. Zonal mean nighttime O(> P) vmr used in the calculation of the MIPAS cooling rates.
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Figure S21. Zonal mean accurate cooling rates obtained for the MIPAS nighttime temperatures considered in this work.
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Figure S22. Zonal mean of the CO2 vmr (top), O(* P) abundance (middle) and the LBL accurate cooling rates (bottom) for the elevated
stratopause conditions (15 February 2009).
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Figure S23. Pressure-temperature profiles from WACCM-X used to test the parameterization. The panels are for four latitudes, 20°N, 60°N,
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Figure S24. Comparison of cooling rates of the parameterization and reference calculations for some high-resolution WACCM-X temperature

profiles. As Fig. 16 but for p -1 profiles for different longitudes.
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Figure S26. Comparison of cooling rates of the parameterization and reference calculations for high-resolution WACCM-X model tempera-
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