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INTRODUCTION

In the pastpne-dimensbnal photochemical modelshave
been developed to detemine the expected vertical profiles
of atmosphere trace compounds in the Martian atosphere
(Hunten and McElroy, 197Q Yung et al, 1977 Lindner,
1988). Thee modelshave povided estinatesof meancon-
centratbns of thesegases as function of height. They do
not however acount for the dfects of meridional transprt
nor for the latitudinal and seasal variations of solar inso-
lation. Two-dimensbnal models povide a better desiption
of thes processes and dfude amore detailedformulation
of mass,momentun and enggy transrts.

THE MARS-2D MODEL

In this framework, we developed an interetive radia-
tive, dynamical and chemical two-dimensional model of the
Martian amosphere (Mreau et al., 1991)which calculates
meridional andvertical distributons of 36 chemical species
from 5 chemical families ( HOy, Ok, NOy, SOy, Cly). The
validity of our MARS-2D model extendgrom south pole to
north pole andfrom the groundto 85 km. Latitude and dl-
tude are used a®-ordinateswith horizontal reslution of 5
degreesard vertical relution of 1 km. The model is an
adaptatn to Martian conditions of the two-dimensbnal
model of the Earth’smiddle amosphere deeloped ly Bras-
seuret al. (1990).

THERMAL STRUCTURE

In the Martian ahosphere tmperatue distribution
varies mainly with seasn, latitude, lar activity, and at-
mospherc dust content. For a clear amosphere the rada-
tive heatirg is mainly produced lty radiatve processes of
carbon dioxide andozone. The meridional distributon of
temperature calculated ly the model, when slving the
themodynamic equaton in which radiatve tran$er and
transprt of heat are exptitely included,is shown in figure
1. Note thatfor this speific seaen, the main featuresof
the obsewed themal field arewell repioduced by the
model.

ODD OXYGEN COMPOUNDS

The formation of odd oxygen compounds in the Martian
atmosphere resultfrom the plotolysis of carbon dioxide in
the upper ahosphere and the ptolysis of ozone in the
lower atmosphere The odd oxygen destration resultsfrom
the recombination of atmic oxygen and ozone which is
catalysed ly the presete of hydrogen and nitogen radicals.
Figure 2 slws the calculated meridional distributon of
ozone for the same seasn as infigure 1. Themodel stows

an ozone meridional distributon which is consistentwith
the very low abundane deteted by Mariner 9 (eg., Barth
etal., 1973). Modeling al shows that,in the lower atmos-
phere, he latitudinal variation of ozone is detemined by
spatialchargesof water distributbn which are mainly con-
trolled by condensatin processes awvinter polar laitudes.

ODD HYDROGEN COMPOUNDS

The current chemical stabiliy of the Martian CO; at-
mosphere gainstUV photolysis renains intrguing in many
aspets. A mechanisn was poposed ly Parkinen and
Hunten (1972) imoking the reation:

CO + OH » CO; + H 1)

where hydroxyl radicals aremostly produced durirg the
photolysis of H,O, and HO,. It appearsdday that tydrogen
peroxide may be the kg atmospherc trace constituen for
the chemical regulation of H;, O, and CO in the Martian
atmosphere.In the classtal photochemical scheme, hydro-
gen pemxide is amost entirey produced by the HO, “self-
reaction”:

HO; + HO; 2 H0; + Oz @
and destwyed durirg the dg through plotolysis:
H.O, + hv 2 20H 3)

Another sgnificant sinkfor H,O, is its condensatin in
the cold regions of the atnosphere This condensatin proc-
ess isobviously crucial in the bwer atmospheresince it
restrainsthe concentraton of odd hydrogen compounds and
is therdore very significant in thecontrol of the atmospheric
chemical stability. Figure 3. sbws the calculated meridi-
onal distributon of H,O, for a lar longitude of 360 de-
grees.

ORGANIC COMPOUNDS

In 1988,during the last Pbbos 2 mission, 9 sequenes
of infrared obsewations of the Martian lower atmosphere
revealed wo absrption bands (at 2726m™ and 270 cm™)
which were attributed @ formaldetyde (Korabler et al.,
1993).In order D interpretthee obsewations, we refined
the former chemical scheme by addirg chemical and photo-
chemical reations involving simple organic compounds.
Simulations have been constraned by recent milli meter
obsewations of minor speies thatwe peformed at the
IRAM 30-m radiotelesope (Moreauet al., 1998) aswell as
by the new upperlimit of methane abundaa published by
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Krasropolski et al.. (1994). The expeted vertical distribu-
tion of organc compounds, egeptfor CHg, are rot uniform
with altitude aswell aswith latitude. The wo-dimensional
profile of formaldehyde computed using the lower limit of
methaneconcentraton (Krasropolsky et al., 1994) is ds-
played infigure 4.This distributon resultsmainly from an
equili brium between fastchemical reations involving other
organic speies and tree gases(HO,, NO,) and plotolysis
processes.

CONCLUSION

The main objectives of this paper are ¢ preset two-
dimensbnal distributons of trace gases in theurrentlower
ard middle atmosphereof Mars under dferent seasal
conditions. Futhemore, as methane is assurgdhot photo-
chemically produced in the ¢éday atmosphere we will dis-
cuss the mtential surces of organic compounds seh as
CH.0.
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Figure 1 Themal field calculatedfor a ©lar longitude of
360 derees.
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Figure 2.Meridional andvertical distributon of ozone
calculated for the same seasnal conditions as n figure 1.
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Figure 3 Meridional andvertical distributon of hydrogen
pemoxide for Ls = 360 dgrees

LOG [ HCOH MIXING RATIO ]

; — ;
—90 d

80

IS o
o o

Altitude (km)

N
o

ol |
-90 -60 30 0 30 60 90
Latitude (degrees)

MARS—2D MODEL at Ls = 360 degrees

Figure 4 Meridional andvertical distributon of formalde-
hydefor Ls = 360 dgrees and usmthe bwer limit for
methane poposed ly Krasropolsky etal. (1994)



