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FOREWORD

This paper was presented at the Ozone Symposium held in
Thessaloniki (Greece) on September 3-7, 1984. It will be published in
the procéedings of the meeting. ‘

AVANT-PROPOS

Cette note a été présentée au symposium de I'ozone qui s'est
tenu a Salonique (Grece) du 3 au 7 seplembre 1984. Elle sera publiée
dans les compte-rendus de la réunion.

VOORWOORD

Deze tekst werd voorgesteld 6p het ozonsymposium dat
gehouden werd te Thessaloniki (Griekenland) van 3 tot 7 september

'1984. Hij zal gepubliceerd worden in de verslagen van de vergadering.

VORWORT

Dieser Text wurde prasentiert auf der Ozontagung abgehaltet
in Thessaloniki (Griekenland) von 3 bis zum 7 September 1984. Er wird
publiziert werden in den Berichten der Tagung.



OZONE IN THE 21ST CENTURY : INCREASE OR DECREASE ?

by

A. DE RUDDER and G. BRASSEUR

Abstract

This paper presents a simulation of the possible perturbation
of the stratosphere predicted for the next century and due to the
injection of several species. Stratospheric temperature is expected to
decrease significantly in the stratosphere. Surface temperature should
increase, leading to modifications in the climate. The fate of the ozone
column depends on the adopted perturbation’ scenario. With the
emissions considered in this work, after a slight decrease, the total
ozone amount is expected to increase after year 2000. The present
study also considers the response of the atmosphere to a high chlorine

perturbation.

Résumé

‘Cette note présente une simulation pour le siécle a wvenir
d'une perturbation liée a I|'émission dans |'atmosphére de différentes
substances chimiques. Le modéle prédit une diminution de la
température st}‘atosphérique et une augmentation de la température au
sol, avec des conséquences inévitables sur le climat. En ce qui concerne
la quantité intégrée de l'ozone, le comportement dépend directement du
scénario adopté pour la perturbation. Dans le cas adopté ici, I|'ozone
semble devoir augmenter & partir de I'an 2000, apres une légere
diminution qui devrait étre en cours. Ce travail considéere enfin la
réponse atmosphérique liée a un fort accroissement de la quantité de

chlore dans I'atmosphere.



Samenvatting

Deze tekst geeft ons voor de komende eeuw de simuatie van
een perturbatie die verbonden is aan de emissie van verschillende
chemische stoffen in de atmosfeer. Het model voorziet een daling van de
stratosferische temperatuur en een stijging van de temperatuur aan de
grond, met onvermijdelijke gevolgen voor het klimaat. Wat de hoeveel-
heid geintegreerde ozon betreft, is het gedrag rechtstreeks afhankelijk
van het gebruikte scenario voor de perturbatie. In dit geval hier
schijnt de. hoeveelheid ozon te moeten stijgen vanaf het jaar 2000, na
een lichte daling. Dit werk gaat tenslotte ook de atmosferisfe respons
na die gebonden is aan een felle stijging van de hoeveelheid chloor in

de atmosfeer.

Zusammenfassung

B Dieser Text gibt uns fur das nachste Jahrhundert die
Simulation einer Perturbation der verbunden ist an der Emission
verschiedener chemischen stoffen in der Atmosphare.. Das Modell vorseht
eine Senkung der stratosphdrischen Temperatur und eine Steigung der
Temperatur am Boden, mit unvermeidliche Folgen flr das Klima. Was die
Quantitidt integrierte Ozon betrifft, ist das Benehmen direkt abhangig
vom ‘gebrauchten Szenar filr die Perturbation. In diesem Fall hier
‘scheint die Quantitit Ozon zu muissen steigen vom Jahr 2000 ab, nach-
einer kleinen Senkung. Diese Arbeit betrachtet auch der atmosphéarische
Anklang der gebunden ist an einer grossen Steigung von der Quantitat

Chlor in der Atmosphare.
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1. INTRODUCTION

In order to assess the global atmospheric and climatic
response to the release of various chemical pollutants, numerical models
are commonly used as prognostic tools. The purpose of this paper is to
use a fully coupled 1-D r‘adiative/chémical model to simulate the future
of the ozone layer and the temperature, assuming a realistic scenario of
the emission of several gases such as COZ’ CH4, NZO’ NOx and the
chlorocarbons. Another objective is to study the effect of an hypotheti-
cal high chiorine perturbation. With the present and projected emissions
of CFCs, such a high Cix load is not expected. Nevertheless, this
problam will be considered here since it reveals the non-linear behavior

of the chemical system In Lhe middle atmosphcre (Cicerone et al, 1983).

2. RESPONSE OF OZONE AND TEMPERATURE TO A GIVEN MAN-MADE

PERTURBATION

The present study considers a perturbation scenario which is
described in detail by Brasseur et al (1984). The‘ chlorocarbons CCI4,
CFCI3, CF2CI2 and CH3CC|3 are increased according to historical data
until present time and a constant emission is assumed for the future :
105 T/yr for CCI‘4, 3.2 x 105 T/yr for CFCI3 and 4 x 105 T/yr for
CF2CI2. Only the release rate of 6CH3CCI3 is assumed to increase,
reaching a maximum value of 4 x 10° T/yr in year 2070. This scenario
therefore accounts for the possibility of an unexpected enhancement in

the release of chlorine atoms and therefore leads probably to an over-

estimated stratospheric response. The corresponding odd chiorine
mixing ratio at 50 km altitude is 2.8 ppbv in year 1984, 4.4 ppbv in
2000, 8.2 ppbv in 2050 and 9.5 ppbv in 2080. Carbon dioxide, whose
mixing ratio is assumed to be equal to 270 ppmv in year 1850 and
335 ppmv in year 1979, increases in the model by 0.56 percent per year
to reach about 575 ppmv in year 2080.




Methane whose actual mixing ratio is close to 1.5 ppmv is
assumed to increase by 1.5 percent/year from the present day,
reaching consequently a relative concentration of 7.5 ppmv in vyear
2080. A value of 1 ppmv is assumed between year 1850 and 1950. Nitrous
oxide shows a systematic increase of about 0.25 percent per year. A
mixing ratio of 285 ppbv is adopted as preindustrial value. The present
amount is close to 330 ppmv and the value reached in year 2080 is
425 ppbv. Aircraft emissions of nitrogen oxides are introduced after

year 1950 according to the scenario suggested by Wuebbles et al (1983).
After year 2000, the NOX release, whose maximum is located between 10

and 12 km, is assumed to remain constant.

The response nf several atmospheric and climatic parameters
to the scenario described above, is predicted using a 1-D chemical
model which takes into account the key reactions related to the oxygen,
hydrogen, nitrogen, chilorine and carbon chemistry in the range 0 to
100 km. The vertical transport of the long-lived trace species is
simulated by an "eddy diffusion" approach. The model is coupled with a
radiative routine which considers the attenuation of the solar radiation
as well as the emission and absorption of terrestrial infrared radiation.
For the latter computation in the troposphere and stratosphere, a
wide-band model similar to that in Morcrette (1983) is used. Figure 1
shows the predicted changes in the ozone column as well as the
expected variations in the temperature at the Earth's surface and at the
stratopause. Prior to 1980 or so, ozone increases slightly due to. the
gradual positive trend in the CO2 amount and the related temperature
decrease in the upper stratosphere. This enhancement in the ozone
content is not a direct chemical effect but results from the high
dependence of the ozone destruction rate to the temperature leading to
the well-known anticorrelation between temperature and O3 above
30 km. After year 1980, the predicted decrease has to be attributed to
the chlorocarbons and the chlorine atoms which are produced by photo-
dissociation. After year 2000, the effect of the rapid growth in the
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Fig. 1.-. Changes in the ozone column (AO3—in percent) and

in the temperature (Kelvin) at the Earth's surface
(ATS) and at the stratopause (ATSOkm)’ for the

adopted perturbation scenario.



methane concentration plays a key role : it leads to an enhanced
production of tropospheric 03' and to a transfer of active chlorine (ClI,
ordhany tsonpgstivaichlarimes (HCReybyreeaction GbatisCHp ~ahl Cérhdeldgd
PRYSUSHESh T précEsdteduces ahd efficienaysief ciilacimee foirlodapdeting
'&é&we.-)FiWaliVa@hiéfesléwic@éf@wtkﬁ-imi)NE@ leads idio azweamgz-enecde-plgm%n
Whife tReoifjedtionest Neludsy direrafifiemginesotontiibites fto theppzong
MrePgase il ithethrroplosprmmeviiFigure ,0 diseishows thaik tbeotempasatuse
whidkpéraetnjestibe ¢ediGed by aaboatt 25 ¢inat thatstnatopausehin oysas
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Lomdideifedexectede Thdiatiwtie schemeyverfigiires 2~vand '8 +shows the
cof*responding ozone and temperature changes as a function of altitude.
It should be noted that, although variations in the ozone column are
expected to be small, local changes can be quite large.

3. HIGH CHLORINE PERTURBATIONS

The behavior of the chemical system in the atmosphere for
high chlorine increases has been recently discussed by Prather et al
(1983). Figure 4 shows that the response of the ozone column becomes
highly non linear for CIX mixing ratio becoming of the order of the NOy
mixing ratio. The explanation of this effect involves complex coupling
mechanisms between odd nitrogen and odd chlorine species (CIONOz),-
non linear response of the OH radical in the middle and lower strato-
sphere, where it is destroyed essentially by HNO3 and HOZNOB’ and
the self-healing effect of ozone, especially when large amounts are
destroyed at high altitude. The calculation of the ozone response due to
high chlorine perturbations requires therefore an accurate knowledge of
" the total odd nitrogen amount which is present ‘at a specified altitude
and latitude. The temperature response at 45 km for large ozone

depletion is also shown in figure 4.
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relative to the preindustrial atmosphere,

predicted from 0 to 50 km altitude for years 1983
to 2080, adopting the perturbation scenarios as

desribed in the text.
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Fig. 3.- Same as figure 2 but for the vertical temperature

distribution.
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Fig. 4.- Change in the ozone column for high chlorine

injections (ClX mixing ratio up to 30 ppbv) and
for 2 values of the ambient NOy mixing ratio (13
and 19 ppbv). The temperature variation at 45 km
(NOy =. 19 ppbv) is indicated.
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