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FOREWORD 

Stratospheric CH4, HC1 and CIO and the Chlorine-Ozone cycle has been accepted for 

publication in Nature. 

AVANT-PROPOS 

Stratospheric CH4, HC1 and CIO and the Chlorine-Ozone cycle paraîtra dans la revue 

Nature. 

VOORWOORD 

Stratospheric CH4, HC1 and CIO and the Chlorine-Ozóne, werd voor publicatie in het 

tijdschrift Nature aanvaard. 

VORWORT 

Stratospheric CH4, HCl and CIO and the Chlorine-Ozone, wird in der Zeitschrift 

Nature herausgegeben werden. 



STRATOSPHERIC CH4, HQ and CIO AND THE CHLORINE-OZONE CYCLE 

by 
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Abstract 

The ratio of the measured HQ and CIO abundances is in good agreement with the 
computed values if the recently determined methane concentrations are introduced in the 
computation with the measured O, OH, 0 3 , NO and H2 concentrations. 

Résumé 

Le rapport des abondances de HC1 et CIO stratosphériques est en accord avec les 
valeurs calculées si les concentrations de méthane déterminées récemment sont introduites 
dans le calcul associées à celles de O, OH, 0 3 , NO et H2 mesurées. 

Samenvatting 

De verhouding van de gemeten stratosferische HC1 en CIO hoeveelheden, komt overeen 
met deze van de berekende waarden indien de onlangs bepaalde methaan concentraties in 
acht genomen worden samen met de gemeten waarden voor O, OH, 0 3 , NO en H2 . 

Zusammenfassung 

Das Verhältnis der gemessenen stratosphärischen Dichten von HCl und CIO stimmt mit 
den gerechtneten Werten überein, wenn die neuen festgestellten Methandichten sowie die 
gemessenen Werten von O, OH, 03„ NO und H2 in den Rechnungen eingeführt werden. 



Since it has been suggested1 that chlorine can play a role on the stratospheric ozone 
balance, much attention has been paid to the subject, particularly when it has been realized 
that halocarbons can contribute significantly to the stratospheric chlorine content2 , 3 '4 . In 
addition to atomic chlorine two main species of the chlorine-ozone cycle have been 
measured in the stratosphere, namely HC1S and CIO6, of which the ratio of abundances can 
be expressed by the relation3 

where n A represents the number density of species A and k's expressed below in cm3 

molecule"1 s"1, represent the rate constants7 of the reactions 

n HCl/n CIO = (k, n CH4 + k2 nH 2 + k3 n H O , ) (k4 n O + ks n NO)/ 

k6 n 0 3 x k7 n OH (1) 

CH4 + CI - CH3 + HC1 k, = 5 x 10'12 e ' 1 1 1 4 / T 

H2 + CI - H + HC1 k2 = 5.6 x 10"11 e ' 2 2 S 0 / T 

H02 + CI - 0 2 + HC1 k3 = 1 0 1 1 

CIO + O -» CI + O. 2 k„ = 5.3 x 10-11 
4 

CIO + NO -» CI + NO 2 k. = 1.7 x 10"11 

CI + 0 3 - CIO + O. 2 k6 = 3.6 x 10"11 e ' 3 1 8 / T 

HC1 + OH CI + H 2 0 k7 = 3 x 10 1 2 e"400/1" 

The H2 0 2 + CI HC1 + H02 reaction has been neglected due to its low rate constant8. 



All species in very low stratospheric concentration, H02 excepted which plays a minor 
role, intervening in relation (1) have been measured : H 2

9 , N O 1 0 , 1 1 , O 1 2 ' 1 3 and OH1 4 . 
The abundance of ozone is known15 and most studies have relied on CH„ data obtained in 
the stratosphere by in situ sampling9. 

In the altitude range (32-36 km) where data are available for computation the 
n HCl/n CIO ratio is observed to be about 0.8 while values ranging from 4.5 to 3.5 result 
from model calculations4. 

A new determination1 6 of CH4 has been performed by means of infrared absorption 
spectrometry from a balloon platform wich leads to methane mixing ratios above 25 km 
lower than currently used in stratospheric models. The results, shown in figure 1, have been ' 
derived from spectra of the 3.3. fim CH4 band obtained simultaneously with HC1 absorption 
spectra17. They have been used in conjunction with all other measurements to evaluate the 
n HCl/n CIO ratio from equation (1) in order to deduce the effect of these new data on the 
chlorine-ozone cycle. The number densities used in the computation are listed in table 1 
with the results. The computed values of the n HCl/n CIO ratio appear to be in good 
agreement with the observed ones while the model calculated ratios are, especially at the 
lowest altitude, in marked disagreement. Part of this disagreement is due to the use in 
models of high methane concentrations which have already been considered as being 
surprisingly large by Wofsy and McElroy19. A similar opinion has been expressed by 
Rowland and Molina3 who have considered the possibility of lower methane concentrations 
leading to an enhancement by a factor of 2 or 3 of the chlorine atom chain. 

In conclusion, it turns out that introducing high methane concentrations9 into model 
calculations4 has lead to a computed n HCl/n CIO ratio, for the case considered here, 
2.3 times higher, lowering the effect of chlorine on ozone. 



Fig. 1Vertical distribution of the volume mixing ratio of methane. The 
in situ sampling results9 are shown with the values recently 
determined16 by means of infrared spectrometry of the P5 to Pg 

multiplets of the 3.3 pm band. The solid curve represents the 
values used in model calculations4. The envelope above 35 km 
corresponds the methane absorptions at zenith angle, x, smaller 
than 90°. 



TABLE 1.- Data used in the evaluation of n HCl/n CIO and results. 

Altitude (km) 
32 34 36 

n 0 3 " 
n C H 4 1 6 

n H j 9 

n H 0 2 3 

n O H 1 4 

n O 1 3 

n N O 1 1 

T(K) 1 8 

n HC1 (observed)1 

n CIO (observed)6 

n HCl/n CIO (equation 1) 
n HCl/n CIO (observed) 
n HCl/n CIO (model) 4 

\17 

2.5 x 1 0 1 2 

1.2x 1Ô 1 1 

2.0 x 1 0 n 

2.2 x 10 7 

1.1 x 10 7 

1.3 x 10 8 

1.3 x 10 9 

228 
4.2 x 10 8 

5 x 10 8 

1.2 
0.84 
4.5 

1.9x 1 0 1 2 

7.0 x Î Û 1 0 

1.4 x 1 0 1 1 

1.9 x 10 7 

1.1 x 10 7 

2.6 x 10 8 

1.1 x 10 9 

234 
3.0 x 10 8 

4 x 10 8 

1.2 
0.75 
3.9 

1.4 x 1 0 1 2 

4.2 x 1 0 1 0 

1.0 x 1 0 u 

1.5 x 10 7 

1.5 x 10 7 

3.9 x 10 8 

7.0 x 10 8 

239 
2.4 x 10 8 

3 x 10 8 

0.8 
0.8 
3.5 
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