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SUMMARY OF PHOTOCHEMICAL AND RADIATIVE DATA USED IN
THE LLNL ONE-DIMENSIONAL TRANSPORT-KINETICS MODEL

OF THE TROPOSPHERE AND STRATOSPHERE: 1932*

Peters S. Connell and Denald J. Wuebbles
Lawrence Livermore National Laboratory
Livermore, CA 94550

INTRODUCTION

This report summarizes the contents and sources of the photochemical and
radiative segment of the LLNL one-dimensional transport-kineties model of the
troposphere and stratosphere. Data include the solar flux incident at the top of the
atmosphere, absorption spectra for 0y 04 and NO,, and effective absorption
coefficients for about 40 photolytie proecesses as functions of wavelength and, in a
few eases, temperature and pressure. The current data set represents understanding
of atmospherie photochemical processes as of late 1982 and relies largely on NASA
Evaluation Number 5 of Chemical Kinetics and Photochemical Data for Use in
Stratospheric Modeling, JPL Publication B82-57 (DeMore et al., 1982).
Jmplementation in the model, including the treatment of multiple seattering and
eloud cover, is diseussed in Wuebbles (1981). '
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Wavelength dependent functions are expressed as averages over wavelength
intervals. The range of wavelength considered, 133,3 to 735.0 nm, is divided into
148 contiguous non-overlapping bins, These are numbered from the long wavelength
limit to allow extension of the model to the mesophere and arranged as shown in

Table 1.

Table I. Wavelength bin structure.

Bin # Binwidth
1-8 10 nm bins centered from 660-730 nm,
9 7.5 nm bin from 647.5-655 nm,
10-77 5 nm bins centered from 310-6<3 nm,

78~128 500 em~! bins centered from 173.15-305.33 nm (327506-5775) em~1)
129-242 1000 em-] bins centered from 139,84-170,94 nm (58500-71500 cm-1)
143-148 500 em~! bins centered from 133.75-138.40 nm (72250-74750 em~1)

Ineident Soler Flux

The incident solar flux used in the model is consistent with the
recommendations of the WMO Global Ozone Research and Monitoring Project
Report No. 11, The Stratosphere 1981 Theory and Measurements (1982). The
tabulated values, SFLXIN{n), represent the solar irradianee at the top of the
atmosphere integrated over wavelength bin, n,

SFLXING) =J I, )X ,

ola

in units of photons cm'zs'i. VYalues for bins 127-148 were taken from
Ackerman (1970) and correspond to an integrated flux ol 1.20 x 10'? photons
em 2 s over the range 133.3-175.4 nm, eonsistem with recent measurements
ranging from 0.52 to 1.5 x 1012 summarized in WMO {1982), The average of solar
minimum and maximum measurements is used in the 175.4-200.0 nm region, where
variability with sc.ar activity is observed. Values from 200~735 nm follow directly
from WMO (1982) end its sources. SFLXIN(n) is plotted in Figure 1 and tabulated in
Appendix B.



Caleulated Flux Between 0 and 55 km

Absorption by oxygen, ozone and nitrogen dioxide is eonsidered in eeleulating
solar fluxes appropriate to given altitudes and soler zenith angles, which are then
corrected for seattering and eloud cover. The general expression for the lceal solar
flux, SFLX(n,z,x ), in wavelength bin n at altitude z and solar zenith angle yx, is

SFLX(n,z,x ) = SFLXIN(n} expl-see x {COLO2(z) SGO2(n)
+ COLO3(z) SGO3(n) + COLNO2(z) SGNO2m)}1,

where COLO2(z), COL0O3(2), and COLNOZ(z) are the vertical column abundances in
molecules cm‘2 above altitude z and $GO2(n), SGO3(n), and SGNO2(n) are the
wavelength dependent gbsorption coefficients (shown in Figure 2), in units of em

molecule’! (base e) for 0y, O, &nd NO,, respectively, Columnh gbundance
for O, as well as tempersture and pressure profiles, are those of the U. S.
Standard Atmosphere (1976) unless temperature feedback is included. Overburdens
of 0, and NO, are evaluated within the model at each time step.

The Schumann-Runge bands of oxygen are covered by bins 110-128,
175.4-206.2 nm. In this region the product, see ¥ COLOZ2(z} SGO2(n} is evaluated
separately using the polynomial expressions developed by Allen and Frederick (1982)
for (.'J2 transmittance as a function of wavelength, altitude and zenith angle. The
coefficients for bins 110-114 were modified to account for the more recently
established smaller contributions from the Hergberg continuum absorption. The
expressiors are presented in Appendix A. Transmittence caleulations for these bins
are extended above the model top at 56.25 km to 120 km. The numericsl fits do not
apply below 20 km, so sec X SGO2(n) was fixed at its 20 kin value for lower

altitudes.

The 0, Schumann-Runge continuum cross sections below 175.4 nm follow
Ackerman (1970). The Herzberg continuum between 20€.2 and 215 nm was assigned
the average of the suggested values of Herman and Mentall (1982) and Frederick and
Mentall (1982), based on stratospherie in situy uv measurements. Above 215 nm,
cross sections were interpolated from the laboratory data of Shardenand and Rao
(1977). The O, Herzberg eontinuum is presented graphically in Figure 3.
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Ozone absorption eoefficients were teken from the recommendations of
Ackerman (1970), except in the region 232.6-347.5 nm, for which the recent results
of Bass and Paur (1982) were used. They measured eross sections at temperatures of
228, 243 and 295 K and observe.d temperature dependence in a portion of the
spectrum. Temperature dependent values are presented in Appendix A for
wavelengths between 274 and 347.5 pm. In the model, absorption by ozone above
the stratopause is characterized using their room temperature values, while below
55 km absorption coefficients are linearly interpolated between the data at the
appropriate temperatures. For temperatures less than 228 K, the measured
coefficient at 228 K is used.

Nitrogen dioxide absorption coefficients were interpolated from the
recommendations of DeMore et al, (1982). The values at 235 K were used where
they are given, otherwise the cross seetions represent the room temperature

spectrum.

Local Photodissoeiation Rate Constants

The photodissociation rate constants used in the rate equation for each
photolytic process ere calculated at each altitude by summing the product of the
reactant absorption eross section, o(n), the quantum yield of the produet channel,

¢(n), and the appropriate solar flux, SFLX(n,z,x ), over wavelength bins,

i(z,x ) =} olo}p(n)SFLX(n,z,x) .
n

The data for each process is compiled as the effective absorption eross section,
o¢, for each bin in units of em? molecule’ (base e) and presented in Appendix
B. The indjvidual proeesses are discussed below and summarized in Table 2, and the

spectra are plotted in Figures 4-6.
1. 0, +tv>200P)
The absorption spectrum hes been diseussed above. The quantum yield is 1.0

below the thermodynamie cutoff at 242 nm. Below 175 nm, the products are
0(3 P) + 0(1 D), but this process is negligibly important in the stratosphere.



Table 2. Photodissociative processes presently ineluded in the LLNL
transport-kinetics model.
Process LLNL Code Identifisr sq (i)
. O2 + =20 15
2. 0y +m>0,+0(D) 18
3. 03 + hy > (‘_:;2 +0 16
4, H,0+ hu+OH + H 3
5. H202 + hv—+ 20H 4
6. HOO+mw+0OH+ O 27
7. N,0+h> Ny+0(D) 9
8. NO+h+N+O -
9. N02+hv+N0+0 13
10.  NOy+h+NO,+0(a) 14
> NO + 0, (b) 36
11. N,O, + v+ NO, + NOg (a) 10
+ ZNO2 +0(b) 10
12. HONO + v+ HO + NO 11
13. HNO, + v+ HO + NO, 7
14. HNO, + v+ HO + NO, 28
15. HCl+hv+H+Cl 6
6. HOCl1+ hv+QH + Cl 29
17. CloO+w~+Ci+0 12+37
18. CIONO + v+ Cl + NO2 22
19, CIONO2 +hv+Cl+ NO(! 24
20. CHyCl + v+ CHyg + Cl 1
21, (3[-]3CC13 + hv + Produets (3C1) 26
22, CC]4 + hv + Produets {(4C)) 23
23. CFCl; + v + Produets (3CD) 19
24, CF2C12 + hv + Produets (2Cl1) 20
25, CFacl + hv + Produets (1C1) A2
26. CHFC12 + hv -+ Produets (2C) 41
27, CHF,Ci + tw -+ Produets (1cl 35
28, CFC120F012 + v + Products (4Cl) 43
29. CFC]ZCFZCI + v ~ Produets (3CI) 32
30, 33

CFZCICFZC] + hv -+ Products (2Cl)



Table 2. eont'd.

Process LLNL Code Identifier sq (i)
31, CFCF,Cl+ v+ Products (1Cl) 34
32. CH3CFZCI + v + Products (1C1) -
33. CH20+h\7+ CHO + H (a) 30
+H,+CO {b) 31
34. CH3OOH +iw+ CH,0 + OH 25

39, OCS+h+CO+8 -
36. SOz+h\J+SO+O -
37. Cl, + hw=+2C1

2
38, Cl00+-Cl0+ oD 8

2. 0 +h\)+02+0(]D)

3

The abserption spectrum has been discussed above. The quantum yield
expression recommended by DeMore et al. (1982) is used. This numerical fit to the
observed wavelength and temperature dependence of the gquentum yield approaches
0.9 below about 300 nm and 0.0 above 320 nm, as shown in Figure 7,

3
3. O3+h\)+02+0( P)

The absorption spectrum has been discussed above. The quantum yield is the
difference of 1.0 and the quantum yield of process 2, approaching 0.1 below 380 nm

and 1.0 above 320 nm.
4, H20+h\)"'OH+H

This process is of negligible importance in the stratosphere. Absorption
coefficients are based on Thompson et al. (1963) and Watanabe and Zelikoff (1953).
The indicated produets represent the major pathway for this wavelength region
(Okabe, 1978) and the quantum yield is assumed to be 1.0,



5. I-IZO2 +hv~+2 OH

The ebsorption coefficienits were interpolated from DeMore et al. (1982)

recommendations. The quantum yield is 1.0.

6, HO, +tv>20H+0

The absorption coefficients were interpolated from DeMore et al. (1562)

recommendations. The quantum yield is 1.0.
7. N,O+ > N,y +o(lD)

The absorption eocefficients were ealculated from the numerical expression
given by Selwyn et al. (1977), consistent with the recommendation of DeMore et al.
(1982). Cross sections were caleulated at & temperature of 225 K. The gquantum

yield was assumed to be 1.0.
8. NO+hw+N+0Q

Effective absorpiion coefficients for NO are caleulated using the polynomial
expressions developed by Allen and Frederick (1982) from a numerical fit to
photolysis constants calculated from experimental NO and 02 line parameters
{Fraderick and Hudson, 1979). The derived coefficients depend on the local pressure
and overhead oxygen coluinn abundance, resulting from overlap of the predissociated
NQ 6 bands with the 02 Sehumann-Runge bands. The expressions used are
shown in Appendix A. Based on the bandwidths of the two vibrational components
considered (Frederiek and Hudson, 1979), the §(0-0) band was split equally between
bins 117 and 118, normalized to the correct integrated bandstrength, while the
&(1-0) band was divided 0.77:0.23 between bins 122 and 123.

9. N02+hv"‘NO+O

The absorption spectrum has been diseussed above. The quantum yield is a
funetion of wavelength and the recommended expression of DelMore et al. (1982) is
used. The oxygen atom is released in the 1D excited state at wavelengths less
than about 240 nm, but this negligible contribution to atmospheric O(ID) is
ignored in the model.



10, NO3 +hy+ N02+O(a)
hd NO+O2 (b)

The produet o¢ for channels (a) and (b} has been tabulated at 1 nm intervals
by Magnotta (1979). Some structure is lost in averaging over the 5 nm bins around
600 nm (Figure 8), but the wavelength integrated photolysis constants agree well
with the recommendations of DeMore et el. (1982). (Note: The DeMore et al.
recuininendations are appropriate to photolysis constants above the atmosphere).

11, N205 + hy+ NO2 + NOS (a)
+ 2NO2 + 0 (b)
absorption coefficients were taken from DeMore et al. (1982).

The N205

A temperature of 240 K was used in ecaleulating cross sections above 280 nm from
the suggested expression. Quantum yields of 0.69 for process (a) and 0.31 for (b)

were assigned, based on results reported by Connell et al, (1982).

12. HONO +}w+ HO + NO

The absorption eoefficients were interpolated from the results of Stockwell
and Calvert {1978), consistent with the recommendations of DeMore et al. (1982).

The quantum yield is 1.0.

13. HNOB +hw-+ HO + NOZ

The absorption eross sections were interpolated from the spectrum presented
by DeMore et al, (1982). The quantum yield is 1.0.

14. HNOd + v+ HO + NOq

The absorption coefficients were taken from Molina and Molina (1980), which
serves also as the NASA reecommendation (DeMore et al., 1982). The quantum yield
is assumed to be 1.0 and the products are taken te be HO + NO4 by analogy to the
observed products of CIN 05 photolysis.



15. HCl+w+H +Cl

The gbsorption spectrum is taken from [an (1975), elso accepted as the NASA
recommendation (DelMore et al., 1882}, The quantum yield is 1.0.

16. HOClL+ hw > HO + Cl

The absorption spectrum is given in DeMore et al. (1982). The quantum yieid
is 1.0.

17. CIO + v+ Cl+0CP,!D)

The absorption spectrum of ClO exkLibits mostly eontinuum absorption below
263 nm, corresponding to O(ID) production, for which values from Watson (1977}
were adopted (data of Johnston et al., 1969), assuming a gquantum yield of 1.0.
Above 270 nm, the spectrum is increasingly struetured, showing a vibrational
crogression of the A-X transition, Since the rotational lines are broadened,
predissociation is indicated between 310 and 270 nm and a quantum yield of 1.0 is
assumed for the bands. Cross seetions in this region are very roughly estimated
from the results of Jourdain et al. (1978). Since the strueture is finer than the bin

spaeing, it is averaged out.
18, CIONO + v+ Cl + N02

The 231 K absorption coefficients of the Cl-0 bonded jsomer of CINO, were
used, based on DeMore et al. (1982) recommendations. The recommenced products
are ysed and the quantum yield is 1.0.

19. ClONO2 + v~ Cl + NOg

Absorption cross sections were interpolated from the 227 K results quoted by
DeMore et al. (1982) for the wavelength region 190-400 nm, The quantum yield is
1.0 and there is sirong experimental evidence for the choice of products (Margitan
and Watson, manuscript in preparation, 1982).



20. CHSCI +thv+ CH3 +Cl

The 255 K results of DeMore et al. {1982} were used for interpolation of the
absorption coefficients. The quantum yield is 1,0.

21. CH,CCl + v + Produets {3Ch

The absorption coefficients are taken from the 230 K results of
Vanlaethem-Meuree et al, {1979), which were presentad for intervals consistent with
the LLNL bin strueture. This is also the NASA recommendation (DeMore ot al.,
1982). The photochemistry is simplified by assuming that all chlorine atoms ere

released on absorption of a photon, while other products are ignored. 'This
assumption is made for the set of chlorocarbons (processes 21-31).

22 CCl4 + hu+ Products (4Cl)

The absorption coefficients were interpolated from data presented by eMore
et al. (1982), The quantum yield is 1.0,

23. CF013 + hv + Produeis (3C1)

The absorption coefficients were interpolated from dr.ta presented by DeMore

et al, (1982). The quantum yield is 1.0,

24, CF,Cl, + w~ Products (zcn

The abserption coefficients were interpolated from data presented by DeMore
et al, (1982), corrected to 240 K using the expression given for temperature and

wavelength dependence. The guantum yield is 1.0,
25, CF,Cl+ hv+ Produets (1C)

The absorption eoefficients were interpolated from the geometric mean of the
208 K and 298 K data of Hubrich and Stuhl (1980). The quantum yield is 1.0,
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26. CHFCI, + fv+ Products 2cn

The absorption cross sections were interpolated from the 298 K data of
Hubrich et al. (1977}, The quantum yield is 1.0,

27. CHF,Cl + hv > Produets (1C1)

2

The absorption cross sections were interpolated from the 298 K data of
Hubrieh et al. (1977). The quantum yield is 1.0,

28. CFCIZ CFCl2 + kv -+ Products (4CD)

No published data could be found for CFC-112, but its cross sections can be
set to twice those of CFC-113 {proress 29) with reasonable confidence, based on
trends observed for the relationship of the number of chlorine atoms and CFC

speectra.
29, CFCIZCFZCI + tv + Produets (3CI)
Absorption coefficients were taken from NASA Reference Publication 1049

(Hudson end Reed, 1979) for bins 102-120. Values in bins 98-101 were interpolated
from the 298 K data of Hubrich and Stuhl (1980}. The quentum yield is 1.0.

30. CFZCIC F,Cl + hv > Produets (2C1)

Absorption coefficients were taken from NASA 1049 (Hudson and Reed, 1979}
for bins 106-120. Values in bins 103-105 were interpolated from the 298 K data of
Hubrich and Stuhl (1980). The quantum yield is 1.0,

31. CF4CF,Cl + v+ Products (acy
Absorption coefficients were taken from NASA 1049 (Hudson and Reed, 1979)

for bins 113-120. Values in bins 109-112 were interpolated from the 298 K date of
Hubrich and Stuhl (1980). The quantum yield is 1.0,
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32. C‘thFZCl + hv + Products (1C1)

Absorption coefficients were interpolated from the 298 K data of Hubrich and
Stuhl (1980). The quantum yield is 1.0.

33. CH,0+ M~ CHO + H {1)
hd l-[2 +CO(b)

Absorption coefficients for chennel (a}, the radieal produets, were taken from
the 223 K results of Bass et al. (1980). The guantum yields as a funect.on of
wavelength are an average of the results of Horowitz and Calvert (1978) and
Moortgat and Warneek (1979). The produet o¢ is closely similar to the
recommendations of DeMore et al. (1982). Both curves are shown in Figure 9. The
same sources were used for bins 74-92 for the molecular products channel (b).
Between 330 and 360 nm, bins §7-73, the molecular products channel is predominant
and the gquantum yield exhibits wavelength and pressure dependence. Polynomial
numerical expressions for these bins as a function of altitude were derived (Calvert,
private communication, 1980) incorporating the various denendences, based on the
results of Bass et al. {1980), Horowitz and Calvert (1978) and Moortgat and Warneck
(1979). These results and the recommendations of DeMore et al. (1982) for channel
(b) are shown in Figure 10. The expression and coefficients used in the fit are

presented in Appendix A.

34, CH300H +hv+CH 0+ OH

The absorption coefficients were interpolated from the results of Molina and
Arguello (1979), alsc the basis of the NASA recommendation (DeMore et &l,, 1982},
The quantum yield is essumed equal te 1.0 and the products are chosen to be
analogous tr, :I._,Oz photolysis.

35, CCS++CO+5

Absorption coefficients appropriate to the LLNL bin structure are tabulated
by DeMore et al. (1982), at 225 K. The recommended quantum yield of 0.72 was &lso

used.
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36, 502+hu+50+0

The absorption cross sections were derived from Figure 4 of Warneck et al.
{1964), which shows the econtinuum absorption underlying the structured spectrum
(Golomb et gl.,, 1962) in the 170-230 nm regicn. The thermodynamic cutoff for
80, photolysis occurs at about 219 nm. Okabe (1378) has observed flucreseence
from 50, excited states following excitation at wavelengths less than 220 nm. To
avoid complications of the overlap of sharp structure with the Sehumann-Rungc
bands of OZ’ the bands were gssumed to lead only to fluorescence, while the
quantum yield for dissociation resulting from the eontinuum absorption was assumed
equal to 1.0. This is undoubtedly an underestimate, since some photolysis should

occur in the line spectrum from predissociation,
37 012 + v+ 2Cl1

Chlorine eross section values were interpolated from Watson (1977) and are
consistent with NASA recommendations (DeMore et al., 1982). The quantum yield is
1.0.

38, ClOO + v+ Cl10 + o(! D}

Values for the absorption speetrum of the asymmetrical chlorine dioxide

isomer were taken from Watson (1977). The quantum yield is 1.0.
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APPENDIX A: Numerical treatment of the O, Schumann-Runge bands,

the temperature dependence of 03 absorption, NG photolysis,
and the temperature and pressure dependence of CH40 photolysis.

O, Schumann-Runge Bands

The general expressions for the 02 effective absorption cross sections for
bin 110-126, taken from Allen and Fraderick, are
si(z,x) =0(z,x =0°%(sec x)'ci(z) '
10g|,0zix =09 = [ aij'[‘(z)"], fori=110to 112,
i=1,9

10g,a0z,x=0% = J alog, P, i=118t0o126,
1071 i=1,5 ij 10
1,

Iogmci(z) = .Zl 5bi](10ngOL02(z))rl ’

where,
oi(z,x) = absorption eross section in bin i in units of em

malecute”! {base e)

P(z) = pressure in millibar
T(z) = temperature in K

e z = altitude
X = solar zenith angle

COLO2(z) = vertical averhead column abundance of O, in molecules

em™2.

The coefficients ai]. and bij ere as tabulated in Allen and Frederick (1982), with
the following ehanges in bins 110-114 to reflect the reduced Herzberg continuum
absorption,



23101 %
11,1 °
81121 =
12,27
1937
1124~
19,5 °
811317

8114,1

_]s_

-23,12205
-23.13436
-25.06084

0.03442774

-2.212047 x 1074

6.186041 x 1077

-6.284394 x 10710
-22.97610

-22.75796

Temperature Dependence of the O, Speetrum

Ozone absorption cross sections in bins 70-85 are linearly interpolated with

temperature between the 228, 243, and 295 K dats of Bass and Paur (1982), averaged

over the LLNL bin structure,

SGO3(243 K)

SGO3(295 K}

Bin SGO3(228 K)

70 6.20(-22)" 7.60(- 22) 1.030(-21)
71 8.64 8.30 1.63

72 2.21(-21) 2.26(-21) 3.51

73 5.16 5.38 7.54

74 1.022(-20) 1.059(-20) 1.31(-20}
75 2.19 2,28 2.82

76 4.49 4.65 5.54

7 9.00 9.34 1.064(-19)
78 1.76(-19) 1.78(-19) 2,00

79 3.34 3.32 3.61

80 5.94 6,08 6.39

81 1.050(-18) 1.069¢-18) 1.120(-18)
82 1.74 1.76 1.82

83 2.70 2,73 3.09

84 3.91 3.95 4.02

85 5.33 5.36 5.41

*6.20(-22) = 6,20 x 10~22 am?2 molecule-l,
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The general expressions for NO photolysis,

IOgI.OON()(iyZ,X) = []=zl 6 aij(]ogIUP[z))j'l-] (Sec x)ci(z)

- 1
efa) = jjl . b; {log, ;COLOZ@)Y
— Ly

where the meaning of the symbols is the same as for 02 Schumenn-Runge
treatment, are taken from Alien and Frederick (1982), who also tagbulate the
associated coeffivients & and bij‘ The values calevlated for the 5(0-p) ans
6(1-0) bands are normalized as follows,

Opollln = 0.6 0 6(0-0)
onol118 = 0.6 o (8(0-0)
Onol122) = 100 460-0)
v o123 = 0.3 ,(8(1-0)

CH,0

Absorption coefficients for the molecular produets (H, + CO) channel of
formaldehyde photolysis for bins 67-73, multiplied by the quantum efficiency, are
exleulated from the expression )

20 _ 1
10%%0(2) = ¥ aijz-" .
§=1,5

where
ai(z) = formaldehyde effective gbsorption coefficient in bin i at gltitude z

2

in em? molecule™! (base e}

z = altitude in km .,

The aij coefficients are tabulated on the next p-ge.



[y
ajj 1 2 3 4 5
67 3.344(-2) 2.720(~4) ~4.974(~6) 2.818(-8) 0
68 7.549(-2) 2.032(-2) -3.442(-4) 1.686(-6) 0
68 3.387(-2) 2.832(~3) -2.804(-5) -6.672(-8) 0
70 0.1673 -2.210(~4) 5.362(-4) -1.708(-5) 1.501(-7)
71 0.6114 ~2.851(~3) 1.371(-3) -4,289{-5) 3.767(-7)
72 7.010(-2) 7.103(-4) -6.392(-6) ~1.927(-8) 0
73 0.5748 3.485(~3) -4.912(-5) 1.564(-7) 0

65H
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cross sections.
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&45._00
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E35.00
630.00
625.00
620.00
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590.00
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550,00
54%.00
SHO. 00
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435,00
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480.00
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470.00
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455.00
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445,00

atixin
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a, Ozone effective photolytic cross sections at top of maodel altitude range (55 km).
b, Formaldehyde effective photolytic cross sections at the surfece (0 km).
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temperatures are also shown.

NASA recommended values {DeMore et al., 1982) at two
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At 330 nm and above the coefficients are calculated as a

.unction of nltitude and values corresponding to 0, 20, and 55 km are shown. Also
plotted are the recommendations of DeMore et al. (1982) for these altitudes.
Temperature dependence is small and is not shown.



