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F O R E W O R D 

T h i s paper was presented at the ozone sympos ium held in 

Thes sa lon ik i (Greece) on September 3 -7 , 1984. It will be pub l i shed in 

the proceed ings of the meeting. 

A V A N T - P R O P O S 

Cette note a été présentée au sympos ium de l 'ozone qui s ' e s t tenu 

à Sa lon ique (Grèce) du 3 au 7 septembre 1984. Elle sera publiée dans 

les compte- rendus de la réunion. 
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gepubl iceerd worden in de ve r s l agen van de v e r g ade r i n g . 
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O Z O N E D U R I N G S U D D E N S T R A T O S P H E R I C W A R M I N G 

A T H R E E - D I M E N S I O N A L S I M U L A T I O N 

by 

K. R O S E 

Inst itute f ü r Meteorologie 

Freie Un ivers i tät Ber l in - F R G 

and 

G. B R A S S E U R 

Inst i tut d 'Aéronomie Spatiale 

1180 - B r ü s s e l s - Belg ium. 

Ab s t rac t 

T h i s paper presents prel iminary resu l t s of a 3 - D coupled d y n a -

mical-chemical model which simulates the behavior of ozone d u r i n g a 

winter s t ratospher ic warming. 

Résumé 

Cette note présente des résultats prél iminaires d ' u n modèle t r i -

dimensionnel qu i , en couplant les mécanismes dynamiques et ch imiques, 

simule le comportement de l 'ozone à l 'occasion d ' u n réchauffement s t rato-

sphér ique observé du ran t l ' h i ver . 



Samenvatting 

Deze geeft ons voorlopige resultaten van een driedimensionaal g e -

koppeld dynamisch en chemisch model dat het gedrag van ozon simuleert 

bij een stratosfer ische st i jg ing van de temperatuur t i jdens de winter. 

Zusammenfassung 

Dieser T e x t präsentiert vorläuf ige Resultaten eines dreidimen-

sionalen gekoppelten dynamischen und chemischen Modelles das das 

Benehmen des Ozones simuliert bei einer stratosphärischen Steigung der 

Temperatur während des Winteres. 



1. INTRODUCTION 

Sudden warmings wh ich are c u r r e n t l y obse rved in the w i n t e r 

s t ra tosphe re are bel ieved to be due to the u p w a r d p ropaga t ion of 

p lane ta ry waves o r i g i n a t i n g in t he t r o p o s p h e r e . Major warmings are 

charac te r i zed by local increases of the tempera tu re in a deep layer 

beyond the s t ra topause w i t h values of the o r d e r of 50 K at 10 mbar 

appear ing ove r a sho r t pe r iod of time (a few d a y s ) and leading to 

s i gn i f i can t changes in the rate constant of severa l chemical reac t ions . 

D u r i n g such even ts , the dynamical f ie lds in the s t ra tosphe re are com-

p le te ly a l t e red , so tha t dramat ic changes in the t r a n s p o r t of t race 

cons t i t uen ts are expec ted . 

The purpose of th i s sho r t note is to r e p o r t p re l im ina ry resu l t s of 

a 3 -D model s imulat ion of the ozone behav io r d u r i n g w i n t e r in con-

nect ion w i t h the appearance of a s t ra tosphe r i c warm ing . T h i s paper wi l l 

concen t ra te mainly on the middle s t ra tosphe re (12 mb or approx imate ly 

32 km) where the chemical l i fet ime of odd oxygen is qu i t e long and 

consequent ly t r a n s p o r t p lays a major ro le . F u r t h e r s tud ies wi l l deal 

w i th the response of ozone at h i ghe r a l t i t ude (whe re the d i r e c t re la t ion 

between ozone chemis t r y and tempera tu re becomes more i m p o r t a n t ) and 

ex tend in to a 3 dimensional f rame the p rev ious 2 -D s tud ies of Har tmann 

and Garcia (1979) and Kawahira (1982) . 

2. BRIEF MODEL DESCRIPTION 

The 3 -D dynamical model wh ich is used in the p resen t s t u d y is 

descr ibed by Rose (1983) . I t is based on the so-cal led p r i m i t i v e 

equat ions wh ich are solved us ing a f i n i t e d i f f e r e n c e techn ique in a 

space of g r i d - p o i n t s w i th a l ong i tud ina l i n te r va l of 22°5, a l a t i t ud ina l 

i n t e r va l of 5° and a ve r t i ca l reso lu t ion of 3 km. The model is hemi-

spher ic and ex tends f rom 10 to 80 km a l t i t ude . Diabat ic processes are 

parameter ized us ing a Newtonian cool ing approx imat ion . In o r d e r to 
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simulate the propagat ion of p lanetary waves , a wavenumber 1 and 2 

forc ing in the geopotential he ight is imposed at the lower b o u n d a r y . 

The d i s t r ibut ion and evolution of ozone is der i ved by so lv ing for 

odd o x y g e n a cont inuity equation (see e . g . B r a s s e u r and Solomon, 

1984). The chemical source term takes into account the product ion of 

odd o x y g e n by photodissociation of O^ and its destruct ion by d irect 

recombination of O and O^ as well as the loss due to the presence of 

odd h y d r o g e n and odd n i t rogen. In the present stage of development of 

the model, the water vapor ( H ^ O ) and odd n i t rogen (NC>x = NO + N C ^ ) 

content is specif ied by a g i ven mixing ratio (5 ppmv for H^O and an 

altitude dependent value for NO ). Photochemical equi l ibr ium condit ions 
~ 1 x 

are assumed for 0 ( P ) , 0 ( D ) , H, OH and HO.,. Moreover, NO., is 

assumed to be in immediate equi l ibr ium with NO. The model does not yet 

cons ider any d iurnal var iat ion in the solar illumination and consequent ly 

in the photodissociat ion rates, which is a good approximation for the 

low levels under cons iderat ion, where the photochemical lifetime of odd 

o x y g e n is much longer than a day . Fu r ther development of the model 

will include longitudinal var iat ions in the source term instead of a 

zonally averaged va lue, as in these prel iminary calculations. 

3. R E S U L T S 

In o rder to perform an initialisation of the odd o x y g e n d i s t r i bu -

tion, we f i r s t run the chemical model for 25 day s with the initial tem-

perature field of the dynamical model. Af ter this initialisation, a 

numerical simulation of a sudden s t ratospher ic warming is started and 

performed as descr ibed in detail by Rose (1983). 

At day 21 of this simulation, the zonal mean temperature between 

30 km and 35 km near the pole has increased by 32°K as compared to 

the initial state ( f i g . 1) . A s in the real atmosphere, a s imultaneous 

cooling in the s t ratosphere at low latitude and in the mesosphere at 
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. 1.- Meridional cross section of the difference in the 
mean zonal temperature at day 21 relative to the 
initial state (°K). 



high latitude is observed. Th i s change of the mean state corresponds to 

a southward displacement of the polar vortex ( f i g . 2) , which had its 

center directly upon the pole in the zonally symmetric initial conditions. 

The Og mixing ratio, which, had also a minimum value directly upon the 

pole in the initial distribution at 12 mbar and which behaves as a per-

fect tracer in the polar night at the altitude of the 12 mbar level 

( f i g . 3) reveals that the polar vortex might be interpreted as a material 

entity, since the air parcels with low O^ mixing ratio remain in the 

center at the displaced vortex (cf. f ig. 2). Air of relatively high O^ 

mixing ratio is advected counterclockwise around the polar vortex 

leading to higher values in polar latitudes. In the further course of the 

simulation, the polar vortex is split and air from the region of highest 

Og mixing ratio is advected across the pole. At day 21, the region of 

small gradients in both, geopotential height and O^ mixing ratio, seems 

to be the location where mixing of polar air and air from the lower 

latitudes takes place. So, according to ideas of Mclntyre (1982), the 

southward displacement of the polar vortex is not a reversible moving 

to and fro, but rather the result of nonconservative upward pro-

pagating waves. 

The meridional cross section of the percentage change of O^ mixing 

ratio relative to the start of the simulation ( f i g . 4) d isplays a nearly 

overall increase of O^ in the model atmosphere below 60 km. While the 

large changes north of 60° N are due to transport the s l ight increase 

south of 30°N is probably connected with the temperature decrease, 

which leads to a somewhat lower O^ destruction rate. Thu s , a sudden 

stratospheric warming, as simulated in the present model, leads to an 

hemispheric increase of O^ in the middle atmosphere up to 60 km. 
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Fig. 2.- Geopotential height (gpdam) for the 12 mbar level 
at day 21. 
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4.- Meridional cross section of the percentage change 
of the O^ mixing ratio relative to the first day 
os simulation (the large increase near 65°N and 40 
km is due to a local minimum in the initial 
state). 
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